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PART I
 

TECHImcAL TRAINING
 



BACKGROUND AND INTRODUCTION
 

The General Organization for Industrialization (GOFI) was mandated by the 
Miristry of Industry and Mineral Resources to develop a program of industrial pollution
control and abatement in the public industrial sector of Egypt's national economy in 
concert with the on-site U.S. Environmental Advisor. The prograr received funding
and technical assistance from USAID and was an integral part of a larger project, the 
Industrial Production Project, to enhance industrial productive capacity thefeby
stimulating a market driven economy. 

During a period of several years, GOFI has been making in-house studies of the 
needs of the industrial pollution control program and, following the executien of a 
contract with Weston Intemational, Inc., (USAID Contract No. 263-0101-02 HCC) GOFI 
instructed Weston International under the supervision of the Environmental Advisor to 
prepare a concept dusign report on establishing a National Environmental Laboratory
dedicated to industrial pollution control; e.g., monitoring and management. 

To ensure that the laboratory concept would becon,e a reality in the shortest 
possible time, GOFI conducted a search for a building which could be readily adapted 
to use as a laboratory. A building at EI-Tabbin InstitutS which had formerly been 
intended for use as a metallurgical laboratory to serve the needs of the steel industry 
was found and GOFI made arrangements to reserve a portion of that building for the 
environmental laboratory. Plans of the allocated area were furnished by GOFI to 
Weston International for their use in designing the laboratory. 

During the pre-contract period, GOFI and the U.S. Environmental Advisor 
developed outline concepts of the complement of laboratory equipment and of the 
typesof environmental analyses and tests which the environmental laboratory should 
be capable of conducting for monitoring the vast number of polluting industries. GOFI 
included lists of equipment which were intended to form the framework upon which the 
full equipment complement would be based. 

With comments and guidance from GOFI and the U.S. Environmental Advisor, 
Weston International, Inc. prepared the final designs for the environmental laboratory.
Acting as a procurement agent for GOFI, Weston International, Inc. prepared the 
procurement package for the purchase of the laboratory equipment, supplies and O&M 
training and arranged for shipment to Egypt. Where necessary, certain suppliers of 
complex or delicate apparatus would be required to visit Cairo to ensure that these 
pieces of equipment are properly installed and fully operational; they would also give
whatever training is necessary in operation and maintenance of the equipment. 

This report describes in detail the training conducted and the allocation of a 
time frame to the various laboratory functions to be performed. TIMS must ensure the 
availability of adequate utilities, chemicals and reagents to meet the training needs in 
order to produce a comprehensive environmental laboratory trairing program. The 
following are the major areas into which the laboratory is subdivided. 

" Instrumentation Laboratory 
" Air Quality Laboratory 
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* Wet Chemistry Laboratory
* Bacteriology 
* BOD Laboratory 
* Hot Room 
* Balance Room 
• Glassware Preparation Room 
* Data Management Program
* Quality Assurance/Quality Control Program 

Scope and Training Design 

The training was scoped to consist of meeting the functional needs of the major
subdivisions of the Laboratory. Therefore, the training was subdivided into training
modules to provide state-of-the-art training on instrumenation and representative
acceptable analysis and tests for pollutants emanating in industrial waste water 
effluents, air emissions and the work environment to alleviate public and worker 
exposure situations. The training modules and schedules are presented in the 
following sections as described later. 

On-Site Training: Training Objectives and Expected Outputs 

a. The On-Site Training services supplied by the Contractor to Employer
personnel (EI-Tabbin Laboratory staff) in Egypt was applied and theoretical
 
training.
 

b. Upon conclusion of training on Ana!yiical Methodology and tests, data 
management and quality assurance/quality control training on analytical
instrumentation and accessories for Air and Water testing and monitoring,
the trainee should at a minimum be able to: 

1) 	 Startup and shutdown the subject apparatus without damage to the 

equipment; 

2) 	 Reconfigure the subject apparatus without damage to the equipment; 

3) 	 Perform operator maintenance checks on both primary items and their 
accessories to include operator-level troubleshooting and operator-level
fault correction. 

4) 	 Calibrate the subject apparatus in each of its principle configurations; 

5) 	 Know when to request spare parts and supplies; 

6) 	 Identify and request spare parts and supplies; 

7) 	 Identify operational and maintenance problems beyond operator-level 
capabilities; 
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8) Know what constitutes unauthorized manipulation of the subject 

appaatus from both a warranty and an operability aspect; 

9) Know when and how to request expert maintenance assistance; 

10) Recognize environmental conditions which threaten the mechanical 
and/or electrical integrity of both the primary item and its accessories; 
and 

11) Correctly configure, startup, operate, and shutdown the subject 
apparatus for one standard analytical method other than calibration. 

c. Training on the microcomputer is to be for both operation of delivered software 
packages and on Operation and Maintenance of the system. Upon completion of 
training on the mini-compute'r, the operator should be at a minimum be able to: 

1) Startup and shutdown the system without damage to either the system or 
to any accessories such as floppy disks; 

2) Recognize environmental conditions which threaten the mechanical 
and/or electrical integrity of both the primary item and its accessories to 
include data loss; 

3) Bootstrap all delivered software; and 

4) Operate all delivered software. 

d. Know how to conduct waste water characterization studies, collect and preserve 
appropriate samples and perform required analyses and tests. 

e. Know how to conduct air emissions studies by characterizing both ambient air 
pollutants and point source emissions, how to use appropriate air monitoring and 
sampling instrumentation and perform the necessary pollutant analyses. 

f. The estimated Level of Effort for the Training was man-hours and presented in 
Section V. The distribution of time between job titles or labor categories is 
described. 
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SECTION I
 

ANALYTICAL INSTRUMENTATION:
 
LABORATORY CONFIGURATION
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ANALYTICAL INSTRUMENTATION: LABORATORY CONFIGURATION 

The original plan and layout of equipment for the EI-Tabbin Laboratory is listed 
in Table 1 by room specifying the major equipment items in each room. 

Training was developed by environmental media; e.g., water, air and workplace
and performed in all aspects of use; e.g., operations and maintenance of the following 
equipment: 

Table 1 

List of Major Equipment Items by Laboratory Room 

INSTRUMENT LAB 

Spectrophotometer
Electrocolorimeter 
Solid State Recorder 
Specific ION Meter 
Turbidimetor 
Safety Station 
Atomic Absorption Spectrophotometer 
TOC Analyzer 
Gas Chromatograph 

AIR LAB 

Twin Cylinder Compressor 
Safety Station 
Sulfur Analyzer 
CO-Analyzer
NO-NO2-NOx Analyzer 
Ozone analyzer 
Gas Phase Titration Calibrators 
Permeation Tube Calibrators 
Strip Chart Recorders 
Mercury Vapor Analyzer 
Anemometer 
Gas Storage Bags 

WET CHEMISTRY LAB 

Balance, Top Loading 
pH Meter 
Conductivity Bridge
Heating Mantles 
Flameless Electric Burners 
Magnetic Stirrers 
Precision Universal Centrifuge 
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Refrigerator 
Titration System 
Single Stage Vacuum Pump 
Safety Station 
Evaporator 
Oil/Fat Extractor 
Soxhlet Extraction Assembly 

BACTERIOLOGY LAB 

Constant Temperature Bath 
Incubator 
Refrigerator
Microscope 
Dry Bath Incubator 
Colony Counter 
Autoclave 
Membrane Filter 

Oxygen Meter 

Muffle Furnace 
Forced Convection Oven 
Gravity Convection Oven 
Stirring Hot Plate 
Hot Plates 
Heating Mantles 
Water Bath 
Cyanide Distillation Apparatus 
Safety Station 

BALANCE ROOM 

Balance, Analytical 
Balance, Top Loading 
Balance, Platform 

GLASSWARE PREPARATION ROOM 

Dishwasher 
Glassware Dryer
Automatic Stills 
Pure Water System 
Demineralizer Cartridge 
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DATA MANAGEMENT RQQM 

Mini-Computer
 
Freezer*
 
Dry Ice Maker*
 
Dry Ice Chest*
 

* Freezer Storage and Ice Maker stored in this room for lack of space. 

STORAGE ROOMS 

Wastewater Sampler 
Portable pH Meters 
Lithium Injectors 
Sonic Flow Metor 
Portable Lab Kit 
Industrial Hygiene Test Kit 
Portable Meteorology Station 
Suspended Particulates Sampling System 
Stack Sampling Trains 
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SECTION II
 

WASTE WATER TRAINING MODULE
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CHARACTERIZATION OF WASTE WATER EFFLUENTS 

Wastewater Characterization studies are conductod to determine (1) the 
physical, biological, and chemical characteristics and the concentrations of 
constituents in the wastewater, and (2) the best means of reducing the pollutant
concentrations. 

Procedures for wastewater sampling methods, sample analysis and 
expressions used to present the results will be presented. 

1. Sampling 

The sampling techniques used in a wastewater survey must assure that 
representative samples are obtained, because the data from the analysis of the 
samples will ultimately serve as a basis for designing treatment facilities. There are no 
universal procedures for sampling programs. These must be individually tailored to fit 
local situations. Special procedures are necessary to handle problems when 
sampling wastes vary considerably in composition. Thus suitable sampling locations 
must be selected and the frequency and type of sample to be collected must be 
determined. 

2. Sampling Locations Procedures 

3. Sampling Intervals Determination 

4. Sampling Equipment Selection 

5. Sample Preservation Procedures 

6. Methods for Sample Analysis 

The analyses used to characterize wastewater vary from precise quantitative
chemical determinations to the more qualitative biological and physical
determinations. Many of the parameters are interrelated. For example, temperature, a 
physical parameter, affects both the biological activity in the wastewater and the 
amounts of gases dissolved in the wastewater. The accepted reference that details 
the conduct of water and wastewater analyses. Simplified techniques of analysis for 
selected constituents may be found in the U.S. Environmental Protection Agency 
publication, Methods of Wastewater Analysis. Although Analysis of Water and 
Sewage is an older reference, it is useful. As a general reference, Chemistry for 
Environmental Engineering is recommended. Aquatic Chemistry, an advanced text. 
should be consulted for chemical-equilibrium problems, especially in natural waters. 

Training was provided on the following analyses and tests for characterization 
of waste water effluents; 

- acidity-alkalinity 
- BOD 
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- COD 
- cyanide
 
- color
 
. C12 
- Halides - Cl; F, I,Br. 
- Total &fecal coliform 
- Hardness 
- Metals - Cd, Cr, Cu, Hg, Ni, Fe, Co, Mn, Mg, Na 
- Ammonia 
- TKN 
- Nitrite 
- Nitrate 
- Phosphate 
- Sulphate 
- pH 
- Turbidity 
- Specific conductance 
- Dissolved oxygen 
- Phenols 

TOC 
- Sulfides 
- Oil & grease 
- Sulfite 
- 3urfactants 
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SECTION IIA 

WATER QUALITY TRAINING 
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WATER QUALITY TRAINING TOPICS 

Standard Analytical Methods for Chemical Analysis
of Water and Wastewater Effluents. 1week 

Measurement
 
Simple Instrumental:
 

pH 
Conductivity
 
Turbidity
 
Color
 
Dissolved Oxygen (Probe)
 
Fluoride (Probe)
 

Simple Volumetric:
 
Alkalinity (Potentiomotric)
 
Acidity (Potentiometric)
 
Chloride
 
Hardness
 
Dissolved Oxygen (Winkler)
 

Simple Gravimetric:
 
Solids, Suspended
 
Solids, Dissolved
 
Solids, Total
 
Solids, Volatile
 

Simple Colorimetric:
 
Nitrite N (Manual)
 
Nitrate N (Manual)
 
Sulfate (Turbidimetric)
 
Silica
 
Arsenic
 

Complex, Volumetric, or Colorimetric:
 
Biochemical Oxygen Demand (BOD)
 
Chemical Oxygen Demand (COD)
 
Total Kjeldahl Nitrogen (TKN)
 
Ammonia
 
Phosphorus, Total
 
Phenol (Distillation Included)
 
Oil and Grease
 
Fluoride (Distillation Included)
 
Cyanide
 

Special Instrumental: 
TOC
 
Metals (by AA), No Preliminary Treatment 
Metals (by AA), With Preliminary Treatment 
Organics (by GC), Pesticides, Without Cleanup 
Organics (by GC), Pesticides, With Cleanup 

1I. Water and Wastewater Sampling 1 week 
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" Program Objectives
 
" Collection of representative samples
 
" Site Selection
 
" Basic types of Sampling
 
* Automatic Samplers
 
" Flow Measurement
 
" Special Sampling Procedures
 
" Sample Preservation and Handling
 
" Chain-of-Custody Procedures
 
" QA in Field Sampling
 
" Duplicate, Split and Spiked Samples
 
" Sample Preservation Blanks
 
" Precision, Accuracy and Control Charts
 
" Calibration of Field Equipment
 
* 	 Sample Preparation for Analysis with or without
 

preliminary treatment or cleanup
 

I1l. Instrumentation 	 1 week 

" Operation and Maintenance
 
" Analytical Balances
 
" pH/Selective-lon Meters
 
* Conductivity Meters
 
" Turbidimeters (Nephelometers)
 
" Spectormeters; Atomic Absorption Spectrophotometers
 
" Organic Carbon Analyzes
 
* Gas Chromatography
 
" Centrifuges
 
* 	 Tritration Systems 
* 	 Colorimeters 

IV. Data Management and Analysis 	 1 week 

" Laboratory Record Keeping
 
" Operation and Maintenance of Automated Data Management
 

Systems
 
" The Analytical Value
 
" Basic Statistics Glossary
 
" Report Forms
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SECTION III
 

AIR EMISSIONS TRAINING
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AIR EMISSIONS - STATIONARY SOURCES AND AMBIENT AND
 
POLLUTANTS
 

This section of training provided guidelines for quality assurance in 
performance of air emissions testing of stationary sources by USEPA prescribed
procedures. The guidelines may be applied to all categories of sources commonly 
monitored. 

The purpose of emissions testing (also called 'source sampling" or 'stack 
sampling') is to extract from the stack or duct a sample that is representative of 
emissions from that source during a time period in which the process is under a 
desired operating condition. The sampling methods prescribed by Federal agencies 
are for specific substances and types of sources and are designed to provide
representative and reliable data. Since the Federal New Source Performance 
Standards are promulgated from data obtained by these methods, adherence to these 
standard procedures for sampling and analysis is essential. 

The following training guidelines for assurance of high quality emissions test 
data will be presented infour major phases: 

• Planning the test program, 
* Performing the test 
* Chain.of-custody procedures
• Data acquisition and management 

Specific method descriptions will be given for specific sample/pollutant 
analysis. 

Ambient air emissions were included in meteorological phase of course. 
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SECTION IIIA
 

AIR QUALITY TRAINING
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AIR QUALITY TRAINING TOPICS 

1. Emission Testing and Air Sampling 	 2 weeks 

" 	 Stationary Source Emissions Testing
 
- Stack Gas Velocity and Volumetric Flow Rate
 
-	 Apparatus and Supplies 
- Calibration of apparatus
 
- Presampling operations
 
- On-site measurements
 
- Post-sampling operations
 
- Data, calculations and analysis
 
- Maintenance
 
- Auditing
 
- Reference Method
 

* 	 Air Pollutant Analyses 
- Determination of C02, 02, Excess air and dry molecular weight 
- Determination of Particulates 
- Determination of S02 Emissions 
-	 Determination of Nitrogen Oxide Emissions 

" 	 Miscellaneous Laboratory Analyses 

" 	 Field Tests 

" 	 Special Tests 

11. Ambient and Toxic Air Meteorological Monitoring 	 2 weeks 

" 	 Continuous/Criteria Ambient Air Monitoring 

" 	 Site Surveys and Selection of Monitoring Sites 

" 	 Use and calibration of Air Monitoring Instrumentation
 
- S02 Analyzer
 
- Sulfur Analyzer
 
- CO-Analyzer
 
- NO-NO2-NOx Analyzer
 
- Hydrocarbon Analyzer
 
- Mercury Vapor Analyzer
 
- Anemometers
 
- Gas Phase Titration Calibrators
 
- Permention Tube Calibrators
 
- Portable Meteorology Station
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- Suspended Particulates Sampling System 
- Stack Sampling Trains 

Operation of Data Acquisition/Data Support Systems 
- Laboratory Records Keeping 
- Data Analysis 

* Toxic Air Monitoring 
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SECTION IV
 

AIR AND WASTEWATER
 
LABORATORY MANAGEMENT
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AIR AND WASTEWATER LABORATORY MANAGEMENT 

Quality Assurance/Quality Control (QAIQC) Training Module 

The environmental monitoring laboratory provides qualitative and quantitative 
data for use in decision-making. To be valuable, the data must accurately describe the 
characteristics and concentrations of constituents in the samples submitted to the 
laboratory. In many cases, because they lead to faulty interpretations, approximate or 
incorrect results are worse than no result at all. 

The TIMS Environmental Laboratory was designed for both air emissions and 
water/wastewater analyses. Hence, it is basically an analytical laboratory. 

Ambient water quality standards for pH, dissolved oxygen, heavy metals, and 
pesticides are set to establish satisfactory conditions for drinking water, fishing,
irrigation, power generation, or other water uses. The laboratory data define whether 
conditions are being met and whether the water can be used for its intended 
purposed. In wastewater analyses, the laboratory data identify the characteristics of 
the treatment plant influent and the final load imposed upon receiving water resources, 
as well as the effectiveness of steps in the treatment process. Decisions on process
changes, plant modifications, or the construction of new facilities may be based upon 
the results of water laboratory analyses. The financial implications of such decisions 
suggest that extreme care be taken in analysis. 

Effective research in water pollution control also depends upon a valid 
laboratory data base, which in turn may contribute to sound evaluations of both the 
progress of the research itself and the viability of available water pollution-control 
alternatives. 

The analytical data from air, water and wastewater laboratories may also be 
used to determine the extent of compliance of a polluting industry with discharge or 
surface and ground water standards or air standards. If the laboratory results indicate 
a violation of a standard, remedial action is required by the responsible parties. Both 
legal and social pressures can be brought to bear to protect the environment. The 
analyst should realize not only that he has considerable responsibility for providing
reliable laboratory descriptions of the samples at issue, but also that his professional 
competence, the validity of the procedures used, and the resulting values reported 
may be challenged (perhaps in court). For the analyst to meet such challenges, he 
should support the laboratory data with an adequate documentation program that 
provides valid records of the control measures applied to all factors bearing on the 
final results of investigations. 

Because of the importance of laboratory analysis in determining practical 
courses of action that may be followed, quality assurance programs to insure the 
reliability of the air water and wastewater data are essential. Although all analysts 
practice quality control (QC) in amounts depending upon their training, professional 
pride, and the importance of their particular projects, under actual working conditions 
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sufficiently detailed 0C may be neglected. An established, routine, quaity assurance 
program applied to each analytical test can relieve analysts of the necessity of 
originating individual 0C efforts. 

Quality assurance programs have two primary functions in the laboratory. First,
the programs should continually monitor the reliability (accuracy and precision) of the 
results reported; i.e., they should continually provide answers to the question "How 
good (accurate and precise) are the resu!ts obtained?" This function is the 
aetermination of quality. The second function is the control of quality (to meet the 
program requirements for reliability). As an example of the distinction between the two 
functions, the processing of spiked samples may be a determination of measurement 
quality, but the use of analytical grade reagents is a control measure. 

Each analytical method has a rigid protocol. Similarly, 0C associated with a 
test must include definite required steps for monitoring the test and insuring that its
results are correct. The steps in 0C vary with the type of analysis, For example, in a 
titration, standardization of the titrant on a frequent basis is an element of QC functions. 
All of the experimental variables that affect the final results should be considered, 
evaluated, and controlled. 

In summary, laboratory data, in quantitative terms, e.g., in milligrams per liter, 
are reported by the analyst. These values are interpreted by industrial plant engineers
to show compliance or noncompliance with permits for discharge, by pollution control 
agencies to define the need for additional sampling and analysis to confirm violations, 
or by the environmental authorities to demonstrate that prescribed waste treatment 
was sufficient to protect the surface waters affected by the discharge. 

This training will present the basic factors of air water and wastewater 
measurements that determine the value of analytical results and provides
recommendations for the control of these factors to insure that analytical results are the 
best possible. Quality assurance programs initiated from, and based upon, these 
recommenc~ations should increase confidence in the reliability of the reported
analytical results. 

Primarily, because ultimately a laboratory direct or must assume full 
responsibility for the reliability of the analytical results submitted, the laboratory
director must also assume full responsibility in both design and implementation for the 
corresponding Quality Assurance/Quality Control program. 
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SECTION IVA
 

AIR AND WASTEWATER LABORATORY
 
QUALITY AsSURANCE/QUALITY
 

CONTROL MANAGEMENT
 
TRAINING
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AIR AND WASTEWATER LABORATORY MANAGEMENT 

Quality Assurance/Quality Control Management Training (QA/QC)
 
Topics
 

I. Importance of QAQC in Environmental Monitoring 

Laboratory Management 4 weeks 

I1. Laboratory Services 

" Distilled water; automatic stills 
" Pure water System 
" Demineralized Water 
" Compressed Air 
" Vacuum Systems 
* Hood Systems
 
" Electrical Services
 
" Freezer and Refrigeration Systems
 
" Extractors; oil/fat, soxhlet
 

Ill. Water and Wastewater Sampling 

" Program Objectives 
" Collection of representative samples 
" Site Selection 
" Basic types of Sampling 
" Automatic Samples 
" Flow Measurement 
" Special Sampling Procedures 
" Sample Preservation and Handling 
" Chain-of-Custody Procedures 
" QA in Field Sampling 
" Duplicate, Split and Spiked Samples 
" Sample Preservation Blanks 
" Precision, Accuracy and Control Charts 
" Calibration of Field Equipment 
" Sample Preparation for Analysis with or without preliminary 

treatment or cleanup 
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IV. Air Emissions Testing and Sampling and Toxic Emissions Monitoring
 

" Stationary Sources Emissions Testing 
* Ambient Air Sampling and Testing 
" Air Pollutant Analyses 
" Operations and Maintenance of Instrumentation 
" Operations of Data Acquisition/Data Support Systems 

V. Instrumentation and Analysis 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Operation and Maintenance 
Analytical Balances 
pH/Selective-Ion Meters 
Conductivity Meters 
Turbidimeters (Nephelometers) 
Spectormeters; Atomic Absorption Spectrophotometers 
Organic Carbon Analyzes 
Gas Chromatography 
Centrifuges 
Tritration Systems 
Colorimeters 

VI. Glassware 

" 
" 
" 
" 
" 
" 
" 

Types 
Volumetric Analyses 
Cleaning of Glaso and Porcelain 
Special Cleaning Requirements 
Disposable Glassware 
Specialized Glassware 
Fritied Ware 

VII. Reagents, Solvents and Gases 

" 
" 

Reagent Quality 
Elimination of Determinate Errors 

VIII. Quality Control for Analytical Performance 

eDeveloping and Implementing a comprehensive QA/QC Program 
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IX. 	 Data Management and Analysis 

* Laboratory Record Keeping
 
" Automated Data Management Systems
 
" The Analytical Value
 
* Basic Statistics Glossary
 
" Report Forms
 

X. 	 Special Requirements for Trace Organic Analysis 

* Sampling and Sample Handling
 
" Extract Handling
 
" Supplies and Reagents
 

XI. 	 Skills and Training Requirements for Environmental Monitoring 
Laboratory Operations 
s Skills 

* Training 

XII. 	 Microbiology 

* Microbiological Samples and Handling 

XIII. 	 Labordtory Safety, Storage and Waste Disposal 

* Appropriate Egyptian Laws and Authority for Safety and Health 
* Laboratory Safety Practice 
* Laboratory storage and disposal of chemicals and waste 
* Record-keeping 
* Report of unsafe or unhealthful conditions 
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SECTION VA 

TRAINING SCHEDULE 
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TRAINING SCHEDULE 

The training as presented in Table 2 presents an approximate time 
schedule for the personnel to accomplish the training modules on Water 
and Air Quality as presented in Sections I-TV. 

Topics as indicated in Sections I-IV were selected and focused in terms of 
responding to the interest of the RFP. 

Personnel to accomplish the training were selected from Clark Atlanta 
University, Northern Arizona University and Florida International 
University. The three universities are members of the HBCU/MI 
Consortium on Environmental Technology and Waste Management. 
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TABLE 2 
ADVANCED ENVIRONMENTAL LABORATORY TRAINING 

Training Team Schedule 

Months 
Weeks 

January
1 2 3 4 

February 
1 2 3 4 1 

March 
2 3 4 1 

April 
2 34 1 

May 
2 3 4 1 

June 
2 3 4 Pers. Mos. 

1 Team Leader ..- , f 1.5 

1 Sr. Research Chemist --------------------- - 2.0 

1 Sr. Research Chemist 

1 Sr. Microbiologist -

-

-

2.0 

1.0 

aN 

1 Sr. Research Chemist - -------
1.0 

Total 7.5 

Note: Pretraining Assessment Visit 



TRAINING ACTIVITY SCHEDULE
 

Wednesday, April 15, 1992 Atomic Absorption Spectroscopy
(Dr. Richard Foust) 

Saturday, May 9,1992 

Saturday, May 16, 1492 

Tuesday, May 19, 1992 

Wednesday, May 20,1992 

Thursday, May 21, 1992 

Saturday, May 23, 1992 

Special Lecture
 
(Dr. Richard Foust/Dr. Cass Parker)
 

Special Lecture
 

(Dr. Richard Foustir. Cass Parker)
 

Laboratory Practicals using World Bank Project
 

Chemical Oxygen Demand Lecture/Biochemical
 
Oxygen Demand
 
(Dr. Harold Speidel)
 

Graphite Furnace AA Practical
 
(Dr. Richard Foust)
 

COD Lab Practical
 

GC-Water Sample Collection, Chain of Custody,
 
Methods for the Determination of Halo carbons,
 
Volatile Organics, Pesticides anid PAH's
 
(Dr. Cass Parker)
 

Laboratory Demonstration of Separation
 
Techniques and GC (Dr. Cass Parker)
 

Analysis of a Water Sample
 
(Dr. Cass Parker)
 

Dr. Parker - Lecture
 
Ion Selective Electrode and Report Writing Recap
 
Use of Computer Generated Reporting Forms for
 
Datn Reduction
 

Special Lecture
 
(Dr. Harold Speidel)
 

Laboratory Practical Using Ion Selective
 
Electrodes
 
(Dr. Cass Parker)
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Page 2 
Training Schedule 

Sunday, May 24, 1992 Ambient Air Quality Standards 
(Dr. Norman Munroe) 

Laboratory Practical 
(Dr. Harold Speidel) 

Monday, May 25, 1992 Lecture - Microbiology 

(Dr. Harold Speidel) 

Laboratory Practical 

Air Sampling 
(Dr. Munroe) 

GC Analysis 
(Dr. Cass Parker) 

Tuesday, May 26,1992 Lecture - (Dr. Norman Munroe) 
High Volume Methods 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Gas Chromatography Laboratory Practical 
(Dr. Cass Parker) 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

Wednesday, May 27, 1992 Lecture - Microbiology 
(Dr. Harold Speidel) 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

GC Laboratory Practical 
(Dr. Cass Parker) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Thursday, May 28, 1992 Lecture - Total Suspended Particulate 
(Dr. Norman Munroe) 
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Page 3 
Training Schedule 

Saturday, May 30, 1992 

Sunday, May 31, 1992 

Monday, June 1, 1992 

Tuesday, June 2, 1992 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

GC Laboratory Practical 
(Dr. Cass Parker) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Lecture - Microbiology 
(Dr. Harold Speidel) 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

Microbiology Laboratory Practical 
(Dr. Harold Spoidel) 

Lecture - Sulfur Dioxide Determination in the 
Atmosphere 
(Dr. Norman Munroe) 

Air Srmpling Laboratory Practical 
(Dr. Norman Munroe) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Lecture - Microbiology
(Dr. Harold Speidel) 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Lecture - Carbon Monoxide and Carbon Dioxide 
Measurement 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 
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Page 4 
Training Schedule 

Wednesday, June 3, 1992 

Thursday, June 4, 1992 

Saturday, June 6, 1992 

Monday, June 8, 1992 

Tuesday, June 9, 1992 

Expected Delivery of Training Supplies 

Final Fitting of Analytical Work Stations as 
Described in Report of Week 4 

Laboratory Management Practice of Specific 
Stations 

Lecture - Ozone Measurements in the 
Atmosphere (Dr. Norman Munroe) 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Lecture - Nitrogen Dioxide in the Atmosphere and 
Lead Determination in Particulate 
(Dr. Norman Munroe) 

Air Sampling Laboratory Practical 
(Dr. Norman Munroe) 

Microbiology Laboratory Practical 
(Dr. Harold Speidel) 

Lecture - Microbiology 
(Dr. Speidel) 

Microbiology Laboratory Practical 
GC Laboratory Practical with Standards 
(Dr. Speidel/Dr. Parker) 

Lecture - Microbiology 
(Dr. Speidel) 

Microbiology Laboratory Practical 
Extraction Test in GC Analysis 

Lecture - Microbiology 
(Dr. Speidel) 

Microbiology Laboratory Practical 
Final Evaluation of Students 
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Page 5 
Training Schedule 

June 20-25, 1992 New Equipment and Supplies 

Gas Chromatography Lecture and 
Laboratory Equipment Check and Installation 
(Dr. Cass Parker) 

June 27-C), 1992 Gas Chromatography Lecture and 
Laboratory (continued) 
(Dr. Cass Parker) 
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SECTION VA 

LECTURES/ LABORATORY SESSIONS 
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LECTURES ON GAS CHROMATOGRAPHY 

Chromatographic Analysis 

1. Quality Assurance/Quality Control 

11. Statistical Treatment of Data 

1. Mean 
2. Standard deviation 
3. Confidence Limits 
4. Data Rejection 
5. Results Testing 
6. Least Squares 

Ill. Laboratory Reporting of Data 

- Notebook
 
- Record Keeping
 
- Report Writing
 

IV. Chromatography 

1. An Overview of Separation Methods 

- Gas, Liquid and Ion Chromatography 

a. Gas Chromatography (GC) 

i. GC Detectors and Application 

- Flame Ionization Detector 
- Electron Capture 
- Electrolytic Conductivity 
- Photoionization Detector 
- Electrochemical Detector 

ii. Columns 

Packed 
Macro 
Capillary 

V. Standard Methods of GC Analysis 

1. Purgeable Halocarbons
 
EPA Method 601, SM 6230B
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2. 	 Purgeable Aromatics
 
EPA Method 602, SM 6220B
 

3. Phenols
 
EPA method 604, Sm 6420B
 

4. 	 Acrolein &Acrolonitrile
 
EPA Method 603
 

5. Phthalate Esters
 
EPA Method 606
 

6. 	 Nitrosamine
 
EPA Method 607
 

7. Organochiorine

EPA Method 608, SM 6630C
 

8. 	Polynuclear Aromatic Hydrocarbons 
EPA Method 610, Sm 6440B 

9. 	Haloethers
 
EPA Method 611
 

10. 	 Chlorinated Hydrocarbons
EPA Method 612 
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LECTURES ON AIR POLLUTION CONTROL AND MEASUREMENT
 

Lecture 1 	 Ambient Air Quality Standards 

-Pollution Control Techniques 
-Recent Air Pollution Control Technology 
-Measurement of Stack and Fugitive Emissions 
-Selecting a Control Device 

Lecture 2 	 High Volume Method for the Determination of Particulate 
Matter in the Atmoshphere 

-Principle of Operation 
-Air Volume Measurement
 
-Flow Rate Measurement Devices
 
-Inherent Sources of Error
 
-Procedure
 
-Calibration of High Volume Sampler
 

Lecture 3 	 Calculations of Total Susnended Particulate Matter (TSP) 

-Calculation of < 10 Micron Size Particulate Matter (PM10) in the 
Atmosphere
 

-Test Specifications for PM10 Methods
 
-Operatomg Range

-Accuracy

-Flow Rate Calibration Procedure 

Lecture 4 	 Method for the Determination of Sulfur Dioxide in the 

-Principle of Method
 
-Range
 
-Decision and Accuracy
 
-Sampling Apparatus
 
-Analysis by Spectrophotometer
 
-Calculations
 

Lecture 5 	 Measurement Principle and Calibration Procedure for the 
Measurement of Carbon Monoide in the Atmosphere 

-Measurement Principle
 
-Calibration Procedure
 
-Apparatus
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Lecture 6 Measurement Principle and Calibration Procedure for the 
Measurement of Ozone in the Atmosphere 

-Measurement Principle
 
-Calibration Procedure
 
-Apparatus
 
-Procedure
 

Lecture 7 	 Measurement Principles and Calibration Procedure for the 
Measurement of Nitrogen Dioxide in the Atmosohere 

-Principle and Applicability
 
-Sampling
 
-Calibration
 
-Apparatus
 
-Operating Procedure
 
-Calibration
 

Lecture 8 	 Determination of Lead in Susnended Particulate Matter 
Collected from Ambient Air 

-Principle and Applicability 
-Range, Sensitivity and Lower Deteutable Limit 
-Interference, Precision and Bias
 
-Apparatus
 
-Sampling and Analysis
 

39
 



LECTURE/LABORATORY SESSIONS IN MICROBIOLOGY 

LECTURE/LAB 1: BIOCHEMICAL OXYGEN DEMAND (BOD) 

1. 	Definition of BOD 

2. 	 How BOD is used 

3. 	 Procedure (Method 5210, Standard Methods, 1989) 
a. 	 Introduction
 

General Discussion
 
Sample Collection and Storage Requirements
 
Carbonaceous/Nitrogenous BOD
 
Dilution Requirements
 

b. 	 Five day BOD test 
General discussion 
Apparatus 
Reagents 
Procedure 
Sample Pretreatment 
Dilution Technique 
Calculations Control Limits and Working Range Concepts 

LECTURE/LAB 2: CHEMICAL OXYGEN DEMAND (COD) 

1. 	Introduction 
2. 	 Discussion of the various methods available 
3. 	 Selection of method to use 
4. 	 Sample collection and storage requirements 
5. 	 Open reflux procedure (Method 5220 B, Standard Methods, 1989)
6. 	 Closed reflux colorimetric procedure (Method S220 D, Std. 
7. 	Methods, 1989) 

LECTURES 3-7: MICROBIOLOGY 

1. 	Description of Microbes 
2. 	 History of Microbiology 
3. 	 Microbial Cell Structure 
4. 	 Microbial Metabolism 

5. 	 Measurement of Microbes in the Environment 
Sample Collectlon 
Sample Processing 
Determining Microblal Numbers 
Determining of Microbial Biomass 
Measurement of Microbial Activity 
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6. 	 Effect of Environmental Factors on Microbes 

7. 	Microbes in the Environment (air, water, and soil) 

8. 	 Importance of Microbes in the Environment
 
Microbial Role in Biogeochemical Cycling
 
Microbes as Disease Agents
 
Microbes as Pollution Indicators
 
Bioremediation (using microbes to clean the environment)
 

9. 	 Microbial Treatment of Wastewater 
BOD 
Aeorbic Treatment 
Anaerobic Treatment 
Tertiary Treatment 
Disinfection 

10. Treatment and Safety of Water Supplies 

Water Quality Testing 

LABORATORY SESSIONS: MICROBIOLOGY LABORATORY 

1. 	Media Making, General Asepsis 
2. 	 Isolation and Purification Procedures 
3. 	 Gram's Stain Procedure 
4. 	 Total and fecal collform - most probable number procedure 
5. 	 Total and fecal collform - membrane filter procedure 
6. 	 QA/QC requirements for the Microbiology Lab 
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Special Lecture 
'Water Pollution Remediation Processes" 

1. introduction 
A. Advantage of the use of treated wastewater for irrigation

1. Advantage to the user 
2. Advantage to the supplier 

B. Description of the site 
C. Nature of the complaint 

2. Design of the water quality assessment study
A. Test to be used 

1. Field tests 
2. Laboratory tests 

B. Determination of sample numbers and location 
C. Illustration of the use of equipment 

3. Results of assessment 

4. Design of Remediation Process 
A. Evaluation of sulfide control methods 
B. Isolation of specific microbes required
C. Installation of aerators 

5. Initiating remediation processes
A. Pilot tanks studies to evaluate selected processes
B. Actual lake treatment 

6. Results of remediation procedures 
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ATOMIC ABSORPTION SPECTROSCOPY
 

Atomic Absorutlon Anllivia of Filter Extracts 

Scope of Method: This procedure is to be used on filter extracts which have been 
prepared from the Filter Extraction Procedure which is provided on a separate 
sheet. The concentrations and instrumental conditions that are specified are for 
the digestion of 114 of a quartz high volume filter which has been digested in 1:1 
nitric acid and diluted to a final volume of 250 ml (or 200 ml). Any change in the 
filter digestion procedure of in the final volume of the filter extract invalidates this 
procedure. 

Note: The calculations in this procedure are based on a final dilution volume of 
250 ml for the filter extract. If a final volume of 200 ml is used (German Volumetric 
Flasks instead of American Volumetric Flasks), the final calculated numbers 
should be multiplied by 1.25 to convert them to the correct values. 

Experimental Procedure: Use class A volumetric pipets and class A volumetric 
flasks for all dilutions. Use either double distilled water or a solution of 10%-nitric 
acid in double distilled water to dilute all samples to final volume. 

Prepare the following samples from the filter extract "stock" solution: 

a 1:10 diluted stock solution (called "stock A") 
a 1:20 diluted stock solution (called "stock B") 
a 1:50 diluted stock solution (called "stock C") and, 
a 1:100 diluted stock solution (called "stock D") 

These solutions are to be prepared before attempting to run any analyses on the 
atomic absorption spectrophotometer. The stock solution (undiluted filter extract), 
and stock solutions A, B, C, will be used to analyze for Fe, Mn, Pb, Cu, Zu, Cr, V, 
Cd and V (depending on concentration). Stock solution b will be used to analyze for 
Ca and Mg. 

Stock Solution A. Pipet 10.0 ml of the filter extract (stock solution) into a 100.0 ml
 
volumetric flask and dilute to final volume with 10%HN0 3 .
 
10% HN0 3 .
 

Stock Solution B: Pipet 5.0 ml of the filter extract (stock solution) into a 100.0 ml
 
volumetric flask and dilute to final volume with 10% HN0 3.
 
10% HN03 .
 

Stock Solution C: Pipet 2.0 ml of the filter extract (stock solution) into a 100.0 ml 
volumetric flask and dilute to final volume with 10% HN0 3. 
10% HN03. 

Stock Solution D: Pipet 500 il,of the filter extract (stock solution) into a 100.0 ml 
volumetric flask, Add 10.0 ml of 10,000 PPM La solution and 10.0 ml of Cs solution 
(10,000 PPM) or KCI solution) and dilute to final volume with double distilled water. 
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AA Analysis: Install the connector lamp in the atomic absorption, and setup the 
instrument for operation in absorbance mode. Use the sensitivity check solution to 
insure that the instrument is working properly, and then switch to concentration 
mode. Enter the standards into the instrument microprocessor (using the multiple 
standard calibration method) ard,then the metal concentrations for the samples 
using the stock (filter extract) solution. Note any samples that have concentration 
values that are larger than your highest standard (the instrument "over 
calibration" light will display), and re-run these samples with stock solution A. If 
the concentration is still too high, re-run the sample with stock solution B, and if it 
is still too high, re-run the sample with sock solution C. In your laboratory 
notebook, record both the metal concentration and the solution from which this 
value was obtained. Use std #1 to prepare 5.00 PPM, 1.00 PPM and 0.50 PPM 
standards for Mn, Pb, Cu and Zn and use these solutions to prepare the standard 
curves. Use Std 2-A, 2-B and 2-C to prepare standard curves for Fe. For calcium 
and magnesium analysis, the standard solutions are prepared from standard 
solution #3 (5.00 PPM, 1.00 PPM and 0.50 PPM). The analysis for calcium and 
magnesium is done on stock solution D. Table 1 lists the operating conditions for 
the spectrometer. 

Table 1. Perkin Elmer 2850 Operating Parameters 

Metal X Slit Flame Nebulizer Sen Check 

Ca 422.7 0.7 Blue, lean, oxidizing* Flow Spoiler 4.0 

Cu 324.8 0.7 Blue, lean, oxidizing* Flow Spoiler 4.0 

Fe 271.9 0.20 Blue, lean, oxidizing* Flow Spoiler 15.0 

Mg 285.3 0.70 Blue, lean, oxidizing* Flow Spoiler 0.30 

Mn 279.5 0.20 Blue, lean, oxidizing* Flow Spoiler 2.5 

Pb 217.0 0.70 Blue, lean, oxidizing* Flow Spoiler 9.0 

Zn 213.9 0.70 Blue, lean, oxidizing* Flow Spoiler 1.0 

*Fuel setting should be 17-18. Oxidant setting should be 45-46. 

Graphite Furnace Analysis: Cr, Cd, Ni, V. Prepare 4 clean 10.00 ml volumetric 
flasks. Into flask A pipet 5.0 ml of the filter extract solution (stock solution), and 
dilute to final volume with double distilled water. Pipet 5.0 ml of the filter extract 

solution (stock solution) into flask B, add 1001tl of Std #4 and dilute to volume with 
double distilled water. Into flask C pipet 5.0 ml of 10% nitric acid solution and 

44
 



dilute to volume with double distilled water. Pipet 5.0 ml of 10% nitric acid solution 
into flask D, add 100 pl ofStd #4 and dilute to volume with double distilled water. 

Install the graphite furnace into the atomic absorption spectrophotometer, install 
the correct lamp and setup the instrument for operation. Use the sensitivity check 
sample to insure proper operation of the instrument, and then record triplicate (3) 
absorbencies for the flasks A, B, C and D prepared above. See footnotes for 
individual element conditions. 

Calculations: The calculations for the percentage composition of the material 
nitric acid extract solution are shown below. Since only 1/4 of the filter was 
analyzed, this number is multiplied by a correction factor to jive the total mass of 
element on the filter. 

Calculation for Concentrations from the Filter Extract or Stock Solution: 

(Reported Value) x 250 x Mass of total Filter = Total mass of metal on filter 
Mass of Filter Digested 

Calculation for Concentrations from the Stock Solution A: 

(Reported Value) x 250 x 10 x Mass of total Filter = Total mass of metal on filter 
Mass of Filter Digested 

Calculation for Concentrations from the Stock Solution B: 

(Reported Value) x 250 x 20 x Mass of total Filter = Tota mass ofmetal on filter 
Mass of Filter Digested 

Calculation for Concentrations from the Stock Solution C: 

(Reported Value) x 2 5 0 x 50 . Mass of total Filter = Total mass of metal on filter 
Mass of Filter Digested 

Calculation for Concentrations from the Stock Solution D: 

(Reported Value) x 250 x 200 x Mass oftotal Filter = Total mass of metal on filter 
Mass of Filter Digested 

Calculation for Graphite Furnace Data 

Use the formula for a single data method of additions (see lecture notes of April 29) 
to calculate the concentration of the metal in flasks A and C from graphite furnace 
analysis described above. 

S 

y-x 
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C is the correct concentration in Flask A or C 
S is the concentration ofadded metal (100 PPB) 
X is the concentration of metal, as read from a distilled water std curve, in flask 
A orC 
Y is the concentration of metal, as read from a distilled water std curve, in flask 
B or D (the spiked flasks). 

The corrected concentration in flasks A and C will be called Ca and Cc respectively. 
The total mass of metal on the filter for metal analyzed by graphite furnace is then 
calculated as follows: 

(Ca -CC) x 250 x 23: Mass of total Filter = Total mass of metal on filter
 
Mass of Filter Digested
 

Flow Chart of Procedure for Air Filter and Dust Fail Analysis 

Filter Extract (Stock Solution) In 250 ml 

Stock Solution Spike Sample. for 

Method of Addition 

Direct FAA Analysis
 
(Cu, a'.Mn, Pb, Z-)
NI
 

Graphite Furnace 
1:50 Dilution AnalysisS(Cd, Cr, NI V)I( X, C, V) 

1:10 Dfudon Direct FAA Analysis 

1:1 Ma( Fe, Mn, Pb. Zn) 

Direct FAA Analysis
 
(Cu F%'Mn, Pft Z)
 

1:20 Dilution1:20 DilutionI I 
Direct FAA AnalysisDirect FAA Analysis 

(ca'Mg)(Cu, Fe, M' P Z) 
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Note: ITe direct FAA analyses in the diluted stock solutions are only run on those 
metals where the observed concentration exceeded the concentration of the highest
standard. Most sampler should not require any analyses to be run at the 1:20 or the 
1:50 dilutions. 

Solution to be used for Filter and Dust Fall Analyses 

The following list of solutions (100.0 ml) should be prepared and stored on the 
"Working Standard Shelf." 

Std #1 contains the following Metals at 100.0 PPM each: Mn, Pb, Cu and Zn and N: 

Std #2-A Fe at 100.0 PPM 
Std #2-B Fe at 50.0 PPM 
Std #2-C Fe at 10.0 PPM 
Std #3 Contains 100.0 PP Ca and Mg
Std #4 Contains the following Metals at 10.0 PPM each: Cr, V, Cd and Ni 

Lanthanum Oxide at 10,000 PPM 
Cesium Chloride at 10,000 PPM 
(Potassium Chloride can be substituted if cesium chloride is not available). 

Std #1 100 PPM Mn, Pb, Cu, Zn, Ni from this solution prepare daily: 

5.00 PPM 
1.00 PPM 
0.50 PPM 

Std #3 100 PPM Ca & Mg from this solution prepare daily: 

5.00 PPM + 1000 PPM La + 1000 PPM Cs 
1.00 PPM + 1000 PPM La + 1000 PPM Cs 
0.50 PPM + 1000 PPM La + 1000 PPM Cs 
0.00 PPM (Cs + La Blank) 

Std #4 10.0 PPM Cr, V, Cd, Ni from this solution prepare daily:. 

1:00 PPM solution that will be used as a spoiler sample for Graphite Furnace
 
Method of additions.
 

Directions for preparing 'Working Stock Solutions"). 

Working Stock Solution #1: Pipet 10.0 ml of 1000 PPM Mn, 10.00 ml of 1000 PPM 
Pb, 10.00 ml of 1000 PPM Ni, 10.00 ml of 1000 PPM Cu and 1000 PPM Zn into a 100.0 
ml volumetric flask and dilute to volume with 10% nitric acid solution. Store in a 
100 ml polyethylene bottle. 

Working Stock Solution 2-A. Pipet 10.0 ml of 1000 PPM Fe into a 100.0 ml 
volumetric flask and dilute to volume with 10% nitric acid solution. 
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Working Stock Solution 2-B: Pipet 5.00 ml of 1000 PPM Fe into a 100.0 ml 
volumetric flask and dilute to volume with 10% nitric acid solution. 

Working Stock Solution 2-C: Pipet 1000 pl of 1000 PPM Fe into a 100.0 ml 
volumetric flask and dilute to volume with 10% nitric acid solution. 

Working Stock Solution 3: Pipet 1000 Il of 1000 PPM Ca and 1000 PPM Mg into a 
100 ml volumetric flask and dilute to volume with double distilled water. Store in a 
100.0 ml polyethylene bottle. 

Working Stock Solution 4: Pipet 1000 pl of 1000 PPM Cr, 1000 pl of 1000 V, 1000 
pI of 1000 PPM Ni into a 100.0 ml volumetric flask and dilute to volume with 10% 
HIO 3 solution. Store in a polyethylene bottles. 

10,000 PPM Lanthanum: Place 1.173g La2 03 in a 100.0 ml volumetric flask and 
add double distilled water to cover the white powder. Add concentrated nitric acid 
drop-wise until the powder is dissolved, add one extra ml of HN0 3 , dilute to volume 
with double distilled water and store in a polyethylene bottle. 

10,000 PPM Cesium: Place 1267g of CsCI in a 100.0 ml volumetric flask and dilute 

to volume with double distilled water (use 1.907g KCI for potassium soluticn). 

Prepare the following solutions the day the analysis is to be run: 

5.00 PPM Std #1 (pipet 500 jil of 100 PPM stock into a 10.00 ml volumetric flask and 
dilute to volume with a solution of 10% HNO3 in double distilled water). 

1.00 PPM Std #1 (pipet 100 pl of 100 PPM stock into a 10.00 ml volumetric flask and 
dilute to volume with a solution of 10% HNO3 in double distilled water). 

0.500 PPM Std #1 (pipet 50 0! of 100 PPM stock into a 10.00 ml volumetric flask and 
dilute to volume with a solution of 10% HNO3 in double distilled water). 

5.00 PPM Std #3 (pipet 500 0l of 100 PPM stock into a 10.00 ml volumetric flask, add 
1,000 jil of 10,000 PPM La solution and 1,000 jtl of 10,000 PPM Cs solution (or 
potassium substitute) and dilute to volume with double distilled water. 

1.00 PPM Std #3 (pipet 100 p0 of 100 PPM stock into a 10.00 ml volumetric flask, add 
1,000 p of 10,000 PPM La solution and 1,000 p1 of 10,000 PPM Cs solution and dilute 
to volume. 

0.500 PPM Std #3 (pipet 50 p1 of 100 PPM stock into a 10.00 ml volumetric flask, add 
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1,000 pl of 10,000 PPM La solution and 1,000 pil of 10,000 PPM Cs (or potassium) 
solution and dilute to volume. 

Blank for Std #3 (pipet 1,000 0] of 10,000 PPM La solution and 1,000 gl of Cs solution 
( or potassium) into 10.00 ml volumetric flask and dilute to volume. 

1.00 PPM Std #4 (pipet 1,000 jil of 10.0 PPM stock solution into a 10.0 ml volumetric 
flask and dilute to volume with 10% HNO3 solution. 
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Laboratory Quality Assurance/Quality Control 

Notebook 

The laboratory notebook should be a permanently bound, ruled notebook. Preferably with 

pages numbered, with an entry line for date and signature. Numbered pag, encourage data entry 

in a sequential manner. Numbered pages also encourage referencing of results to earlier pages, 

dates and samples. Final results should be validated by requairing the analyst to daze and sign each 

analsyis upon compeltion. A co-signature by the laboratory supervisor or manage strrengthens 

validation of data. 

Reports 

Final reports are best handled using preprinted forms or internal standard format. Forms 

will differ depending on analytical methodology. Forms should indicate report date, sample 

number, sample source, sample volume, sample collection and analysis date, and results for 

analyzed species. Internal reports will also reference laboratory notebook number and data pages. 

Full reports will also reference method, abbreviated procedure, calibration results and quality 

control/quality assurance protocol. 

QA/QC Protocol 
Quality Control is assured by adhering to stringent guidelines with regard to 
-instrumentation 
-glassware 
-reagents 
-solvents 
-gases 
-sample collection 
-approved methodology 
-data reporting 

Quality Assurance is assured by adhering to strict laboratory procedures and practices. 
-Standard curves 
-QC check: Blanks, midpoint standards, spikes and duplicate analysis 
-Interlaboratory QC 

-Referenct Standards analysis 
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-Performance evaluation and method studies 

A full quality assurance plan will cover 

-sample control and documentation 
-standard operating procedures (SOP) 
-training requirements (minimum for analytical expertises) 

-equipment maintenance 

-analytical methodology 
calibration procedures
 
correction procedures
 

quality control
 

performance audits
 

data assesment
 

bias and precision 

-report writing 

data reduction 

validation 

reporting 
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Chromatography 

Amethod of separation due to two mutually immiscible phases that are brought into contact 

with each other: a mobile phase and a stationary phase. When the two phases are properly chosen 

separation of the components in the mobile phase occurs. 

Strictly speaking, physical and chemical properties of the mobile phase and stationary 

phase determines the degree of separation. 

-size (molecular) 

-polarity 

-molecular interaction 

Dipole-Dipole 

van der Waals 

London Dispersion Forces 

Chromatography methods 

Gas ChromatographyI
SI I 

Liquid ChromatographyII I 
Gas-liquid Gas-Solid Liquid-Liquid Ion Cbkomatography Liquid-Solid Size Exclusion 

OIc) 

Bonded Ph=s 
(BPC) 

Familiar Terms 

Retention Volume-Vr-the volume of mobile phase necessary to convey a solute band from 

point of injection to detection. 

VR = 4 FC where tr is retention time and Fc is the volumetric flow rate. The volumetric 

flow rate is determined by 

FC = (x d2c/4) (Eto) (L/tM) = Vcol Etot / tM 

i.e FC = (cross section) (porosity) (linear velocity) 
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In the above equation, e is the ratio of the interstitial volume of packing to the volume of 

its total mass. Normal values for E are .35 to .45 for solid packing and .70 to .90 for porous 

packing. tM is the transit time of a non-retained solute (no material should elute prior to) and tM is 

directly proportional to VM, the dead volume. Therefore, V'R = VR - VM or t'r = tr - tM. 

Partition Coefficient-K = Cs/CM- equilibrium distribution nf the solute concentration in the 

stationary phase and mobile phase. Realize that an ideal case at the detector K = 1, equal 

partitioning. 

VRCM = VMCM + VSCS 

rearranging this equation, and subbing K, we obtain the first equation of chromatography 

VR=VM+KVS orVR-VM=KVS 

This equation will hold true for liquid partition columns, but VS should be replace by AS (surface 

area of adsorbent) for adsorption columns. 

Capacity factor or partition ratio = kA - describe the migration rates of analytes on a 

column. 

k'A = KAVS/VM kA = tr - tM/tM
 

when k'A < 1 elution occurs too fast
 

when kA > 20 elution takes too long
 

ideal WA ranges from 1 to 5
 

Selectivity factor - a - or relative retention
 

a = k'2/k'l = K2/K1 = VR2/VRI = tr2/trl
 

Column Efficiency 

Plate Height - H or theoretical plates = N 

The two terms are related by N =UJH, plate height is related to the elution of a band from a 

column, i.e. it is a Gaussian distribution in which 
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IY H = L2 

I I 

a (sigma) the variance of the concentration in unit leigth of the column. 

Plate height is determine experimentally from a chromatogram. 

H = LW2/16t2R 

and W is the base width of a resolved peak 

From this one can derive a simple relationship for the number of theoretical plates,
 

N =16(tR/W)I/2 or N = 5.54(tR/WI/2)2, where WI/2 = FWHM
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Variables that Affect Column Efficiency 

linear velocity of mobile phase cm s1 

diffusion coefficient in mobile phase DM cm 2 s-1 

diffusion coefficient in stationary phase DS cm 2 s-1 

capacity factor 0 unitless 

diameter of packing particles dp 

thickness of liquid coating on stationary phase df 

Column efficiency can be approximated by H = B/u + Csg + CMg, the van Deemter 

equation. B/g is the longitudinal diffusion, which is dependent on the analytes diffusion 

coefficient, DM 

B/g = 2kDDm/g 

kD is an obstruction factor of the column packing, for packed columns kD is approximately 

.6 and for capillary columns kD = 1. 

CS and CM are mass transfer coefficients 

Csg (liquid stationary phase) = qk' d2fg / (I +k')2 DS 

Cs g (solid stationary phase) = 2td ki g / (I+ k')2 

CMJ± (mass transfer) = f (d2f d2c g) g / DM 

Bottom line is that to control column efficiency, one can reduce the diameter of the column particles 

and reduce the diameter of the column. In GC, operate at lower temperatures to reduce 

longitudinal diffusion. 

Resolution 

The ability to separate two analytes 
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RS = 2AZWA + WB, where AZ is the peak separation and WA + WB are the peak widths. 

An ideal case occurs when WA = WB. In such a case the resolution becomes 

RS = AZ1W = (tR)B- (tPA/W 

which can be modified by substitution of other equations to give 

Rs = 4NI4 ((a - 1)/a) (k'B/1 + k'B) 

The above equation shows that resolution is dependent of several terms; 

= selectivity factor = KB/KA 

kB = capacity factor = KBVS/VM 

and "IN,the number of theoretical plates = IJH 

To improve resolution we can adjust the variable a, k' and N (or H) to improve resolution.
 

If N is increased, H is reduced.
 

k' is improved by an increase in T in GC or change in solvent composition in LC.
 

a is improved (increased) by several factors
 

1. Change in the mobile phase 

2. Change in temperature 

3. Change in the stationary phase 

4. Chemical effects
 

Remember k' optimum value is 1 to 10 and that k' and q are closely related.
 

Analysis 

Qualitative analysis is by the retention time only, which requires extensive standards for a 

particular analysis. 

Quantitative analysis by chromatography has very good accuracy and precision. 

Quantitatively one can use peak height or peak area. Peak height has very good precision, but is 

very dependent on column temperature, flow rate and rate of injection. Errors can be 5 -10% due 

to injection alone. Peak area measurement has higher precision and accuracy. However, it is more 

time consuming, and requires electronic data handling. 
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Calibration 

Calibration is achieve through the use of standards. A simple plot of concentration versus 

peak height or peak area will give a calibration curve for a set of standards in order to determine the 

concentration of the unknown. However, since there are errors due to inconsistencies in injection 

volume, we must modify our analysis. Use of an internal standard avoids the problem of 

inconsistent volume injections. With an internal standard the sample is spiked with an 

uninterferring known (retention and concentration) and the relative response factors are calculated 

for the calibration standards. 

RF = (As)(Cis)/(Cs)(Ais) 

Where superscript s refers to the sample and superscript is is the internal standard. The 

internal standard is also added to the unknown and the concentration is determine from: 

CUK = (Auk)(Cis)/(Ais)(RF) 
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ABSTRACT 

Federal. state and local laws have been enacted to limit releasesduring the past two decades, but only recently has there been a sense of urgency. The U.S. Clean Air Act Amendments of 1990 have mandated theinstallation of maximum achievable control technology at industries
considered t\ EPA to be major emitters of toxic chemicals. Emissions from
stacks or Po'nt sources have hee. d:'fculi to measure and 'non-point"
source emissions have proven to be even more difficult to measure. Thetechniques utilized in controlling air pollutants are summarized and recentair pollution control technologies are discussed. Some process parameters
that should be evaluated before emissions can be characterized and
considerations that should be taken in selecting a pollution control device are 
presented. 
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Introduction
 

In the wake of the Emergency Planning and Community Right-to-Know Act
of 1986, U.S. companies have 	 tobeen required report chemical releases
annually The U.S. Clean Air Act Amendments of 1990 have mandated theinstallation of Maximum Achievable Control Technology (MACT) at industries 
considered by EPA to be major emitters of about 190 specified toxic
chemicals. Emission reductions of 10 million tons/year of sulfur oxides (SO)
and 3 million tons/year of nitrogen oxides (NO) were planned for the main 
components of acid rain. Approximately 79% of all SON emissions (20.7
million metric tons) resulted from fuel combustion and 16% were from
industrial processes. 55%of NO emissions resulted from non-transportation
fuel combustion (19.8 million metric tons) and 3% from other industrial . ocesses 11,2J. 

The air pollutants for which National Ambient Air Quality Standards
(NAAQS) 	 have been established are S0 , NNx, carbon monoxide (CO). ozone
(03). lead (Pb) and particulate matter (PMI0). Table I illustrates the National
Primary and Secondary Ambient Air Quality standards for these air 
pollutants. 

Table I 	 National Primary and Secondary Ambient Air Quality Standards
for Some Air Pollutants 131. 

Air Pollutant Annual Arithmetic Mean 24-Hour Av. Hourly Av. 
ug/m ppm 	 ug/m 3 ppm 3 	 ug/m 3 ppm 

S02 	 80 0.03 365 0.14 - -

N02 " -	 100 0.053 

CO- 10 9 

03 
- 235 0.12 

Pb"" 1.5 

PM(I, 50 150 

8-Hour TWA 
" Calendar quarter 
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Pollution Control Techniques 

As regulatory requirements for cleaner air increases, so will the need for
emission control technologies. The techniques that are most commonly
employed in controlling air pollutants [41 are summarized in Table 2. 

Table 2 Technologies for Controlling Air Pollutants 

ORGANIC 
VAPORS 

INORGANIC 
VAPORS 

PARTICULATE 
MATTER 

SO, 
NOx 

Incineration x 

Adsorption x 

Condensation I 

Absorption x x 

Filtration (Baghouse) x z 

Electrostatic Precipitaion x x 
Wet Scrubbing x x 

Combustion Modification. x 
Chemical Reduction x 

Scrubbing is the most common means of fluegas cleanup for incineration 
processes. Most plants handle air emissions in one of three ways: an 
electrostatic precipitator, followed by wet scrubber; a semidry scrubber,
wherein lime is atomized with flue gas, followed by a bag filter, or dry
scrubbing, using calcium hydroxide. In West Germany, if a unit is out of 
compliance for 30 minutes, it must reduce its throughput; if it stays out for I 
hour, it must shut down. 
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Recent Air PollUtion Control Technology 

The latest trend coming out of West Germany is to employ enhanced wet
scrubbing using lime solution in the first scrubbing stage and sodium
hydroxide in the second stage as a means to further reduce SO2 emissions 151. 

Dry scrubbing with bicarbonate of soda is being used to remove acid gases
from combustion processes 161. The new system treats off gases from
combustion processes that contain heavy loadings of halogen acids and submicron metal oxide fumes. Bicarbonate powder sprayed into th%off gasses
neutralizes the acid gases and the dry reagent provides for the baghouse a
filter coating that effectively removes metal oxide fumes. Discharge from the
baghouse is nontoxic and suitable for landfill disposal. 

In-Duct scrubbing [61 for the removal of sulfur from flue gas involves theatomization of calcium hydroxide slurry to droplets < 100 um in diameter. 
The high surface area of Ca(OH)2 enhances the neutralization of SO in lessthan 2 seconds, producing calcium sulfate and calcium sulfite granules that 
can be removed by baghouse or electrostatic precipitator. 

Still i its testing stage is calcium silicate injection 161 for the removal ofsulfur from flue gas. Portland Cement is injected as a powder or mixed with
coal/water slurry so that the stoichiometric amount of calcium is twice that
of sulfur. Burning of the cement/fuel in a cyclonic burner, results in over
90% of the sulfur reacting with calcium silicate to form calcium sulfatesilicate. The waste product - a mixture of calcium sulfate silicate, calcium
silicate and ash could be used as a low-cost cement. 

Measurement of Stack and Fugitive Emissions 

Emissions from stacks or "point sources" are hard to measure for a variety of reasons. Those from "non-point" sources, such as valves, seals and flanges
are even more difficult. Estimating models 121 hav e been developed to
quantify emissions from "area" sources such as lagoons and waste water 
treatment plants. The best way, is to measure emissions directly. Few firms
however, have the capabilities to measure emissions directly, because thecomplex and time consuming procedures require personnel trained to usespecialized chemical analysis and flow- measurement instru ments. 

Companies are therefore resorting to estimation techniques for determining
releases, such as mass balances and emission factors. In the emission factors
method, standard leakage rates for different equipment in various process
conditions'and applications are established and set. 
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Selecting a Control Technology 

There are numerous control options for NO, and SO as shown in Table 2. Inchoosing the most cost-effective control device, the following steps should betaken: ciearly defiate the problem; gather relevant data on emissions; gather
relevant data on process parameters; research alternative control
approaches; assemble costs of alternatives; determine energy andenvironmental effects. Some emission data and process parameters used
characterize air pollution are illustrated in Table 3. 

to 

Cost 

One of the most important criteria on which a control device is judged is cost.This may be expressed in terms of initial capital cost, annual operating 
expense and cost effectiveness. The latter is defined as follows: 

Cost Effect iveness Annual Operating Expense 

Total Tonnage of Emission 

and is a convenient way to reduce control issues to a common denominator 
that allows comparison of options. 

Table 3 'Emission Data and Process Parameters for Characterization ofPollution Problem 

EXHAUST STREAM POLLUTANT 

Pollutant Concentration Particle size distribution 

Flow rate Molecular weight 

Temperature Vapor Pressure 

Pressure Solubility 

Moisture content Adsorptive properties 

Oxygen content Lower Explosive Limit (LEL) 

Heat content Reactivity 

.Corrosiveness 

Explosivity 
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Energy Impact 

The process fuel equivalent (PFE) which is a measure of all the energy inputs
that are required by a device to reduce a unit of pollutant. The PFE is 
defined as follows: 

PFE = F * E + S - B 

where: 
F - Energy content of fuel (GJ/Ton) 
E - Electricity requirement(l kwh - I L.IEE6 J/hr) 
S = Supplies, Eg. Ca(OH)z, NaHCO3 etc. 
B = By-product energy, Eg. Steam 

Secondary Environmental Impacts 

The type of solid or liquid waste that are generated by the proposed control 
device must he taken into consideration so as not to pose a disposal problem
Furthermore. if additional air emissions are generated by the device itself 
such a.i;rom an incinerator. emission characteristics outlined in Table - must 
be dtivnncd 
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HIGH VOLUME METHOD: DETERMINATION OF SUSPENDED
 
PARTICULATE MATTER
 

Principl A measured quantity of ambient air is drown into a covered housing and 
through a filter during a 24 hour (nominal) sampling period (1440 Mins) 
aerodynamic diameter (25-50 Im). 

* dependent on wind speed and direction
 
" minimum collection efficiency = 99% for 0.3 grn
 
• 	 weigh filter after to find mass (moisture equilibration before and after 

sample) 
* 	 convert volume if air sample to EPA Standard Conditions 

(25°C, 76 0mm Hg (101kPa) volume time sampling (v x t). 

Total suspended particulate matter = 	 Mass Collection 
Volume of Sampled Air 

Expressed as micrograms per standard cubic meter (pg/std. m3) 

Range: Concentration range of method. (2-750 gIg/std m3) 

U LimIL The point at which flow rate due to increased pressure drop across 
the loaded filter becomes appreciable due to: 

Particle Size Distribution 

" Particle size distribution
 
" Moisture content of particles

" Variability of filter
 

Lgr. imit: Sensitivity of Balance. 

Sources of Error: 9 Air Flow Variation 
* Air Volume Measurement 

N.B. (a) minimized by using a constant air flow controlling mechanism 
(b) 	use a calibrated continuos flow rate recording device 
(c) 	 continuos flow recorder 

Loss 	of Volatiles 

* 	 During sampling, storage and shipment 
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Formation of Artifact Particular Matter
 

• 	 Due to oxidation of acid gases inthe sampled air resulting in higher than 
true TSP 

Hum~ 

Use 	glass fiber filters - insensitive to changes in relative humidity. 

" 	 Particles could be hydroscopic
• 	 Moistures conditioning procedure minimizes error 

8"X 10" (20.3 cm X 25.4 cm) = 515.62 cm 2
 

Nominal exposed area 406.5 cm2
 

Material 

Glass fiber or relatively inert non-hydroscopic material. Recommended 
pressure drop at 1.5 std m3 imin - 50 SCFM 
42 - 54 mm Hg or (5.6 - 7.2 Kpa) 15" - 20" H20 

Filter Conditioning Environment 

15 - 300C < 30C Variation
 
Humidity < 50% RH ± 5%
 
Leave at Least 24-Hours
 

(i) 	 Weigh after equilibration 
(ii) 	 DO NOT BEND FILTER OR FOLD 
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DETERMINATION OF AMBIENT PARTICULATE MATTER 

Introduction 

On July 1, 1987, the U.S. Environmental Agency (USEPA) promulgated a new 
size-specific air quality standard [1], for ambient particulate matter. This new 
primary standard applied only to particles with aerodynamic diameters, less 
than, or equal to, 10 micrometers PM10), and replaces the original rules for total 
suspended particulate matter (TSP). This new primary standard of 150 gg per 
standard cubic meter (gg/std. M3) during a 24-hour period was adopted to 
protect human heath. It is believed that particles of aerodynamic diameter of < 
10prm are able to reach the lower regions of the human respiratory track, and 
thus be responsible for most of the adverse health effects associated with 
suspended particulate pollution. The secondary standard used to assess the 
impact of particulate pollution on public welfare has also been established at 
150 gg/std M3 . 

In order to measure concentrations of PM10 particles, the EPA also 
promulgates a Federal Reference Method (FRM). The FRM describes the 
performance requirements for all PM10 samples, which must meet some 
specified requirements [2]. Only particles < 10pm are drawn through the inlet, 
and a constant, controlled flow rate is maintained by either a mass flow 
controller (MFC) or volumetric flow controller (VFC). Particles are collected on a 
micro-quartz fiber filter that is equilibrated and weighed before (tare) and after 
good sampling to determine the weight (net mass) gain of the sample. 
Sampling duration is either controlled by a times accurate to ±15 mins over a 
24-hour sample period or measured by an elapsed time indicator. 

The operational flow rate (sample volume) must be corrected to USEPA 
reference conditions (298 K,760 mm Hg). Figure I shows a schematic diagram
of the basic elements of model 1200 VFC HVPM sampler. As ambient air is 
drawn into the inlet, it is evacuated from the buffer chamber through nine 
acceleration nozzles into the impaction chamber where particles larger than 
10pm are impacted onto a greased collection shim. The acceleration nozzles 
have critical diameters calculated and performance tested to provide the 
necessary velocity to effect correct particle size fractionation within the 
impaction chamber. 

As a result, the air velocity of ambient air passing through the device is critical in 
order to maintain a PM10 cut point within the inlet. It is therefore essential to 
maintain the correct design flow rate of 1-13 m3/min ±10% at actual conditions. 

The air flow rate can be controlled and maintained by a volumetric flow 
controller (VFC). Flow control is accomplished by occluding, and accelerating
the air flow through the venturi. Critical flow is achieved when the air velocity
equals the acoustic velocity so that small changes in the down stream flow do 
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not adversely affect the actual flow rate of 1-13 m3/min over a sample period; 
i.e. critical flow through the venturi is not greatly affected by changes in filter 
loading, ambient temperature or barometric pressure. 

C=alibration 

In order to determine the sampler's operational flow rate (as required by the 
FRM) a calibration must be conducted with the motor disconnected from the 
mass flow controller, and without a filter on the filter cartridge in the sampler. 

Check for Leaks 

The inlet of the orifice unit is covered with duct tape, and the manometer valves 
are fully closed. With the motor of the blower running, the orifice plate is 
wiggled. The abs-ence of a whistling sound and no response on the recorder 
are indications that the sampler system is leak-free. 

The sampler is equipped with two calibration relationships: a) Actual Qa and 
seasonally adjusted sQa. The calculated flow rates are obtained by using the 
Sampler Calibrator Parameters in m and b (orifice calibration relationship slope 
and interrupt) and the relationship: 

0a= [-q (AH2OT/F )b]/m 

Where Ta = Actual Temp. ambient, K); Pa = Actual barometric pressure mm Hg 
m = Orifice Calibration Slope 
b = Orifice Calibration Intercept 

The sampler's response I (which could be any event recorder of arbitrary units) 
is noted and the actual corrected valve Ic is noted for each calibration point. 
The letter can be changed by rotating the plate in the orifice calibration unit into 
different positions. 

Ic = I [(Ta/Pa) 1/2] 

Where 	 Ic = Actual Correction 
I = Recorder response, arbitrary units (1) 

A plot of the sampler corrected recorder units Ic(Y-axis) versus the 
corresponding calculated orifice flow rates Qa (X-axis) provides a visual 
calibration curve and an indication a of the calibration linearity. A five poin! 
calibration should yield a regression equation with correlation coefficient of r > 
0.990. Since the determination of a Qa flow rate requires the addition of an 
ambient average temperature and pressure correction, it is not recommended to 
use a graphic plot of the calibration relationship for subsequent data deduction. 
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Each sampler therefore must have its own mathematical expression that 
indicates the slope, interrupt and the linearity of the calibration relationship.
The best-fit straight line by the method of least squares obtained, where the 
equation is: 

Ic = M(Qa)+b 

Where m = Sampler's Calibration Slope (ambient) 
b = Sampler's Calibration Interrupt (ambient) (2) 

The slope m and the interrupt b, are then calculated to determine the sampler's 
actual flow rate (Qa) from: 

Qa = 1/m [(TaPa)l/2] - b 	 (3) 

Corrections for daily temperature and pressure fluctuations are avoided by
determining the sampler's operational flow rate by adjusting the sampler's
slope and interrupt to seasonal average conditions: 

ms=M/ [17fspJ] (4) 

bs = b/[;/(Ts/Ps 	 )] 

Where 	 ms = Seasonally adjusted sample calibration slope
bs = Seasonally adjusted sample calibration interrupt 
Ts = Seasonal average temperature, K. 
Ps = Seasonal average barometric pressure, mm Hg 

SQa = 1/ms [I (Ts/Ps)1/2] - bs 	 (6) 

Where SQa = Sampler's seasonally adjusted flow rate, m3/m 

The set point flow rate (SFR) is the calculated and recorded: 

SFR = 1.13 (Ps/Pa) (Ta/Ts) 	 (7) 

Where SFR = Sampler's seasonally adjusted sat point flow rate 
m3/min 

The sampler's seasonally adjusted set point recorder response is determined 
by the following relationship: 

SSP = {[m(SFR) - b](/Pa/Ta)1 /2) 	 (8) 

Where 	 SSP = Sampler's seasonally adjusted set point, recorder 
response.
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ADJUSTING THE SET POINT OF THE MASS FLOW CONTROLLER 

The specific mass flow rate at which the sampler should be set depends upon
local conditions of temperature and barometric pressure. The model 321-B SSI 
is designed to maintain a 10 ± 0.5 pm rut point over a flow rate range of 1.02 to 
1.24 m3/min at actual conditions. Therefore, it is imperative that a set-point be 
chosen.
 

Which will *centero the flow rate with respect to fluctuating run of the day 
temperature and barometric pressure conditions. 

The actual mass flow rate of the sampled air is controlled with a 
reference/sensing flow probe mounted in the throat section of the filter holder. 
The electrical output of the flow probe and other associated solid state circuitry
is used as the control signal to adjust the motor speed. Thus, as ambient 
conditions or filter loading change, the controller increases or decreases the 
electrical power to the motor in such a manner that the mass flow rate is 
maintained at a constant velocity. 

The desired samples flow rate is adjusted by a potentiometer following the 
sample's calibration by reconnecting the motor to the mass flow controller. 

A clean filter is installed within the filter cartridge of the sampler which is 
allowed to warm up to operating temperature. The potentiometer or the mass 
flow controller is then adjusted until the recorder's response indicates the 
sampler's seasonally adjusted set point (SSP) as was previously calculated 
from equation (8). It should be verified that the flow controller maintains this 
flow rate for at least 10 minutes. 

MEASUREMENT OF PARTICULATE MATTER iN THE FIELD 

The minimum requirements when measuring particulate matter (3) are as 
follows: 

1. Sampler should be at least 20 meters (m)from trees, buildings or other large
obstacles. A general placement rule is that the sampler should be located at 
least twice as far away from the obstacle as the height of the obstacle. 

2. 	 Sampler inlet should be 2 to 7 m above the ground. 

3. 	Sampler must have unrestricted air flow. 

4. 	 Sampler inlet should be at least 2 m from any other high-volume sampler 
inlet. For collocated samplers, the linkets must be,within 4 m of each other. 

5. 	Samples must not be placed directly on the ground or gravel roof top. 

6. 	 Samples must not be placed near exhaust flues or vents. 
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7. 	 If samples art to be chemically analyzed, (e.g. mass spec; A.A., etc.) evaluate 
the site for potential contamination. 

The samples installation procedure as outlined by the manufacturer (4) must be 
observed. Air electrical surge suppresser and a ground fault interrupts (GFI) are 
recommended to protect the system from transient voltage spikes and for safety. 
For samplers equipped with MFCs an independent AC power circuit is 
suggested; alternating current voltage (VAC) at the samples cannot be below 
90 vac for the 115 vac system; or below 200 volts for 220 vac systems. 

The USEPA protocol [5] is followed. The quartz filter is loaded on the cartridge 
support screen with the "up" side on which the particulate matter will be 
deposited facing upwards. For GQMA filters, this is the rough side. The lower 
side of the filter should have an ID number so that when the sample is folded 
(post-sampling) it can be identified. 

The samples is warmed up for 3-5 minutes. If necessary, adjust the 
potentiometer on the MFC until the correct set point is indicated. Proceed with 
sampling noting the time interval. 

CALCULATIONS 

The samples operational flow is calculated using: 

SQa = 1/ms[l(Ts/Ps)] - bs 

Where SQa = Sampler's seasonally adjusted flow rate 
I = Continuos records response, arbitrary units 
bs = Seasonally adjusted samples calibration intercept 
ms = Seasonally adjusted samples calibration slope 
Ts = Seasonal average temp, K 
Ps = Seasonal average barometric pressure, mm Hg 

For routine operation however, an approximation can be employed. 

SQa = (I-bs)/ms 	 (9) 

To 	determine whether the operational flow vote is within design specification 

requirements of the HVPM10 samples. 

% Difference = [(SQa - 1.13/1.13] (100) 	 (10) 

Where SQa = Sampler's seasonally adjusted flow rate, m3/min 
1.13 = Sampler's design flow rate, m3/min 
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This difference must be <10%. If exceeded, recalibrate the samples before the 
next sample period. The sample duration must be1440 min ±60 min and the 
samples must have been turned on and off within 30 min of midnight. 

PERFORMANCE CHARACTERISTICS OF AUTOMATED METHODS 
S0 2, C0 2, 03, N0 2, 

Atest analyzer must exhibit performance better than, or equal to, the specified 
valve for each specification except range, to satisfy the requirements of EPA (40
CFR, Chapter 1,7-1-91 Edition) Subpart B and 53.20 

Performance Specifications for Automated Metiods 

Photo 
Performance Parameters Units S02 Chemical CO N02 

c UOxidantsP r c 

Range ppm 0-0.5 0-0.5 0-50 0-0.5 

Noise ppm 005 .005 .50 .005 

Lower Detectable Unit ppm .01 .01 1.0 .01 

Interference Equivalent
Each Interferent ppm ±02 ±02 ±1.0 ±.02 
Total Interferent ppm .06 .06 1.5 .04 

Zero Drift, 12 and 24 Hour ppm ±02 ±0.2 ±1.0 ±.02 

Span Drift, 24 Hour 
20% of Upper Range Limit Percent ±20.0 ±20.0 ±10.0 ±20.0 
80% of Upper Range Limit Percent ±5.0 ±5.0 ± 2.5 ±5.0 

Lag Time Minutes 20 20 10 20 

Rise Time Minutes 15 15 5 15 

Fail Tine Minutes 15 15 5 15 

Precision (20% pRL) ppm .01 .01 .5 02 
(.0%uRL) ppm .015 .01 .5 03 

N.B. To convert from PPM to ig/m 3 at 298 K and 760 mm Hg, multiply by 
M/0.02447, where M is the molecular weight of the gas. 
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MONITOR LABS. INC. MODEL 850 FLUORESCENT SO, ANAL ZR 

Range of applicability 0 - 10 ppm - an equivalent method to the Pararosaniline 
Method 

Principl SO2 molecules are irradiated by uv light far region
" Flourescent of SO2 occurs 
" Secondary emission in the uv region occurs 
• 	 Secondary emission yields a light output and 
" 	Sample gas is continuously drawn into a cylinder Teflon-coated 

Reaction cell at near ambiant pressure 

- The atmospheric gas is also irradiated by uv light modulated mechanically
 
and filtered to 214 nm.
 

.	 The flourescent secondary emission of the SO2 molecules is measured by a 
photo-multiplies take (PMT) outputs the signal through an amplifier to a 
synchronous demodulation. 

.	 The uv light source constancy is measured by a reference photo-detector

tube located directly across the reaction cell from the lamp; traveling down
 
and being processed by a nearly identical synchronous demodulator. The
 
mixer board electronious used this signal to compensate for any variation in 
the uv light source. 

Temp range 20 - 30 0C
 
Humidity Range 0 - 95% RH.
 
Flow Rate 500 ± 50 cc/mm
 

Continuous Hydrocarbon Removal System 

Called the "kicker" used when there are high levels of hydrocarbon interferents. 

-	 by a permeable membrane technique 
-	 eliminates the need of replacing catalyst tubes 
-	 operates similar to a catalyst tube to continuously remove hydrocarbons 

Sample Gas Connection 

- Metal fittings may increase instrument rasponse time 
- Sample live length should be kept to a minimum for short residence or 

reaction time 
- Contact of sample gas with non-teflon or non-gas surfaces and fittings must be 

minimized 
- Never use brass or Al fittings; may be clean stainless steel 

Ifsample is obtained from a closed or pressurized system-install a vent line 
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N.B. Sample pressure at the rear panel of the analyzer must not exceed 1"of H20 

above or below atmospheric pressure. 

Using a TEE as a vent manifold 

Sanp 
Sp~anExhaust 	 Zer SupplySupply 

- Always pull sample from the "brench" of the TEE exhaust span and zero 

supply from the "rung legs of the TEE. 

Permeation Device 

A temperature-controlled oven or chamber. 

Operating Procedure 

All panel controls must be at these settings: 

Operation Mode: 	 Monitor 
Range Switch 	 0.5 ppm 
Time Const 	 55 second, 
Auto Switch 	 Off (out) 
Zero Pot 	 Refer to Final Test Data 
Span Pot 	 Refer to Final Text Data 

1. 	Turn on Power 
2. 	 Start up external pump - 500 ± 50cc/min flow 
3. 	Warm up for 30 min before proceeding 
4. 	Observe red LED at top rear of mixer assembly. This PMT cooler LED should 

cycle on and off during normal operation 
5 	 Observe neon light for 1ZS and reaction call heaters. Neon lights should flicker 

when assemblies are at their correct operating temperatures. 
6. 	 Switch MODE from Monitor to TI position 

- UV lamp reference channel test 
7. 	 Switch Mode to T2 

- HVPS (high voltage power supply) check 
8. 	 Switch mode to T3 

- Tests for proper chopper assembly operation 
9. 	 Switch Mode to ZERO and the Range to Optic Test 

- Apply zero air 
10. 	Switch mode to zero and the range to optic test 

- Supply zero air 
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N.B. Electric and optic test (70% full scale deflection) in 2 mins are for trouble
shooting purposes only and are not a substitute for calibration, zero/span, or 
precision check. 

Calibration of the Model 8850 SO2 Analyzer 

A calibration system containing a temperature regulated permeation tube chamber 
and/or cylinder gas delivery system along with a variable source of clean zero air for 
both zeroing the instrument and dilution of the span gas source is necessary. This 
system must be able to provide enough clean dilution air to make up five (5)
calibration standard concentrations (10, 20, 40, 60, 0% of URL).* 

Dirt or the presence of materials other than TFE, FEP, or glass will absorb small 
amounts of SO 2 and hence offset calibration results. 

The calibration system should delver a minimum of 75 cc/min and a maximum of 
2,500 cc/min to ensure good results. 

If a permeation device type calibration system is utilized, allow at least 24 hours for 
warm-up and equalization to the devices certification temperature before proceeding 
with calibration of the analyzer. 

Zero air should contain !50.0005 ppm S02 an activated charcoal filter column 
connected between the outside ambient air being sampled (at sample manifold) and 
the sample inlet of the ana!yzer may be used for zeroing the analyzer. The dilution air 
used to prepare the SO 2 concentrations should be treated similarly. 

Charcoal filtering devices used to provide zero and/or span gas dilution air must be 
charged on a regular basis to ensure SO2 covers ; 0.005 PPM. 

* URL = Upper Range Umit 
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OUT-PUT SIGNAL MONITORING 

Connections best made with #20 to #26 shielded twin lead cable. 

- Length minimum _ , maximum 50 feet
 
- Connect the cable shield to the signal low of analyzer
 
- Set recorder zero and span according to manufacturer's instructions 

For best accuracy, a digital volt meter (DVM) should be used. The DVM may be 
hooked to the terminals provided for DAS output. 

Employ Formula: Output Scaling Factor (ppm/Vac) = Selected Range (ppm)

Maximum Voltage Output
 

mll 
 mOUTPUT
 

RANGE (ppm) SCALE FACTOR ppm/volt 
(DAS/RECORDER) 

0.25 0.025 

0.5 0.05 

1 0.1 

5 
 0.5 

10 1 

This formula yields the results for the five standard Model 8850 ranges and a 
standard 10 vdc DAS or recorder voltage output. 

Aultiply the applicable scaling factor by the instruments output voltage results in 
the corresponding S02 concentration in ppm. 

CALIBRATION FREQUENCY 

* At least once per each monitoring quarter (3 months)
* Whenever, analyzes is moved to a new sampling location 
• If the zero response deviates >±0.025 ppm from zero 
* If the span (at 80% URL) > ±15% from true concentration 
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STACK SAMPLIING 

Velocity and Volumetric Flow Rate: 

&UgIicaklluiy for flowing gas streams in ducts, stacks, and flues. 

N.B. Cannot be used for (1)cyclonic or swirling; (2) ifstack is less then 0.3 m
 
(12 in) in diameter, (3) 0.071 m2 (113 in2) cross-sectional area; (4)
 
measurement site is less than 2 X stock or duct diameter downstream or less
 
than 1/2 diameters upstream from a flow disturbance.
 

Proceure (1) Selection of measurement site 
(a) 	 at least 8 stack or duct diameters downstream 
(b) 	 at least 2 stack or duct diameters upstream from any flow 

disturbance (bends, expansion, contraction, visible flame 

Equivalent Diameter 

De= 2LY 
(L+W) 

Where L = Length, W = Width 

Minimum Number of Traverse Points for Particulates 

Dimension of Stack Minimum No of Traverses 
or Dust 

Circular, Rectangular (D e >24') 12 

Circular (D e128 - 24") 	 8 

Rectangular (D,=120 - 24") 	 9 

When the 8-2 diameter criteria cannot be met the minimum number of traverse points
is determined from figure (1-1) (40 CFR Ch., 1)(7-1-91 ED) Pt. 60, App A,Method 1, 
pp. 690. 
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Class-Section Layout for Rectangular Stacks 

NUMBER OF TRAVERSE POINTS MATRIX LAYOUT (1e) 

9 3x3 

12 4x3 

16 4x4 

20 5x4 

25 5 x5 

30 6x5 

36 6x6 

VELOCITY (Non-Particulate) 

Same procedure as that for particulate is followed, but use instead fig 1-2. 

Stack Diameter > 0.61m (24") No traverse point, must be with 
1"from the wall 

Stack Diameter : 0.61m (24") No traverse point, must be with 
0.5" from wall 

Example of Traverse Points 
0 0II I 0 0, ,' in a rectangular stack cross 

section divided into 12 equal 
o 0 0 0 area. 

I S 

I S 

N.B. Distance from wall - to nozzle inside diameter whichever is longer. 
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Example of Traverse Points 
in a circular stack cross 
section divided into 12 

S. 	 *equal areas with locations 
of Traverse Points. 

Verification of Absence of Cyclonic Flow 

Gas flow in stacks are usual!y parallel to the stack walls. However, cyclonic flow may 
exist after: 

(1) Devices such as cyclones, inertial demisters following venturi scrubbers. 
(2) Stacks having tangential inlets. 

TYPE S 	PITOT TUBE MANOMETER ASSEMBLY 

S-Stausscheibe or Reverse 	Tvpe 

* 	 Used for measurement of average velocity of a gas stream 
* 	 Cannot be used for direct measurement in cyclonic flow or swirling flow
 

conditions
 
• 	 Measure velocity head pressure temp
• 	 Measure static pressure 
* 	 Measure atmospheric pressure 

(a) Dry Mol. wt. air = 290 
(b) C02, 02, Co, N2 - find dry mol. wt. of gas 

(1) Measurement of Gas 	Volume through P, PES and DUCTS. 

0 

Where 	 0. = Gas flow rate, m3/min, standard conditions
 
Vms = Meter volume reading, m3
 

0 = Elasped time, min
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(2) Measurement of gases cone 

(a) Sample transport line 
(b) Moisture removal system 
(c) Particulate filters 
(d) Sample pump 
(e) Sample flow rate control 
(f) Sample gas manifold 
(g) Data recording 

PARTICULATE EMISSIONS 

P Stainless steel (type 316) or glass 

* 	 Button-hook or elbow design, angle tape < 300 
• 	 Range of nozzle size for isokinetic sampling


1/8" - 1/2" greater for higher volumns
 

Prb LBorosiicate or quart with heating system capabe of maintaining a gas 

temp at the exit end during samping of 120 ± 140C. (248 ± 250F) 

Ei1QL ube Types - for measuring stack gas velocity. 

Vs Kp Cp (4AP)uvg'1Ia 1t 

Vs= Average stack gas velocity, m/sec. (ft/sec)
 

Kp = Pitot Tube Const.
 

C = Pitot Tube coefficient, 1 dimensionless
 

AP = Velocity head of stack gas, mm H20 (inH20)
 

Ts = Absolute stack temp OK, (OR)
 

Ps = Asbsolute stack pressure, mm Hg (in Hg) = Pb-r ±P3 

P = Stack static pressure, mm Hg (inHg) 

k=%Mol. nt. of stack gas, wet basis, gig-mole 

= Md (1-Bw.) ± 18.0Bw 
= Bws = Water vapor 
= Md = Mol. wt. of air any basis 
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Condensoar 4 Impinges with Greensburg - Smith design with leak-free ground
glass fittings 

elterse Glass fier, without organic birdes. 
- 99.95% efficiency on 0.3-micron particles 

Silica Gale 6-16 Meek particle size previously dried out 1750C for 2 hours 

Desicant: Anhydrous CaSO4 - indicating type 
- desicate the filters at 20 ± 5.60C and ambient pressure at least 24 

hours 

Preparation of Collection Train 

- Place 100 ml of H20 ineach of the first-two impingers leave third impinges 
empty. 

- Put 200-300 g of pre-weighed silica gel in fourth. 

- Place crusehd ice around impinges + pace if necessary. 

- Leak check 

- Set filter and probe heating systems it cesired operating temperatures. 

- Allow time for temperature to stabilize. 

Maintain Isokinetic Sampling Rate 

± 10% of true isokenitic 

100 Ts [K3 Vic + (VmY/Tm) (Pbw + AH/13.6)1 

60 SVLPs Am 

Ref. 40 CFR CH. 1(7-1-91 Ed.,) Pp. 759, or 

100 TsVm (std) P std KK4 TsVm (std) 
60 Tild-V O An Pg (1-BwS) P9 VsAn S (1-Bw&) 

QUALITY CONTROL 

(1) Meter Orifice Check 
AH 	 = 0.0319 AH IM 0 

Pbar y2 Vm2 
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AHe is the orifice pressure differential in units of in. H20 that correlates to 0.75 cfm of 
air at 52%°R and 29.92 in. Hg. 

(2) 	 Check probe nozzle I.D.'s using a micrometer 

- Reshape, sharpen and recalibrate if necessary 

(3) 	 Recalibrate pitot tube (type S) 

DETERMINATION OF SO 2 EMISSIONS FROM STACKS 

Erinciple: Gas sample is extracted from the stack into 3% H2 02 solution at 1.0< pm 
for 20 minutes. SO2/SO 3 determined by titration (Barium-thorin titration method) 

Minimum 	Detectable Limit: 3.4 mg. S02/m3 

(2.12 X 10-7 (6/cu. ft.) 

No Real Ugper Limit 

Upper limit in a 20 liter sample - 93,3000 mg/m 3 

Possible Interferents 

(1) 	 Free Ammonia 
(2) 	 Water soluble cations ) can be romoved by glass wool filters and an isopropanol bubbler 
(3) 	 Fluorides 

N.B. Use a high efficiency glass fiber filter in place of glass wool plug when very fine 
mitallic fumes are expected. 
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REFERENCE MATERIALS FOR GAS CHROMATOGRAPHY 

1. Quality Assurance/Quality Control 
Handbook for Analytical Quality Control in Water and 
Wasteweter Laboratories-Chapters 1, 4 & 6 
QA/QC of Different Methods 
Standard Methcds for the Examination of Water and 
Wastewater, Part 1000 

I. Statistical Treatment of Data 
Handbook for Analytical Quality Control in Water and 
Wastewater Laboratories-Chapter 7 
Fundamentals of Analytical Chemistry, Sixth Edition 
Skoog, West and Holler 
Standard Methods for the Examination of Water and 
Wastewater, Part 1000 

Software Demonstration 
Kaleidagraph 
Quattro-Pro 

and Use 

lII. Laboratory Reporting of Data 
Handbook for Analytical Quality Control in Water and 
Wastewater Laboratories 
Fundamentals of Analytical Chemistry, Sixth Edition, 
Skoog, West and Holler 

Software Demonstration 
Kaleidagraph 
Quattro-Pro 

and Use 

IV. Chromatography 
Principles of Instrumental Analysis, Skoog 
Instrumental Methods of Analysis, Williard, 
Dean, and Settle, Jr. 

and Leary 
Merritt, Jr., 

V. Standard Methods of GC Analysis 
Sampling and Preservation 
Code of Federal Regulations, 40, Parts 260-261 
Code of Federal Regulations, 40, Parts 136 
SW-846, Test Methods for Evaluating Solid Waste, 
Updates 

and 
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Methods for the Determination of Organic Compounds in 
Drinking Water, EPA/600/4-88/039 
Methods for the Determination of Organic Compounds in 
Drinking Water, Supplement I, EPA/600/4-88/039 
Standard Methods for the Examination of Water and 
Wastewater, 17th Edition, APHA, Part 6000 
Methods for Organic Chemical Analysis of Municipal and 
Industrial Wastewater, EPA/600/4-82-057 

VI. 	 Other Topics 
Ion Selective Electrodes-Practical 
Cyanide, Chlorine, Fluoride, Silver and Sulfide 

References 
Standard Methods for the Examination of Water and 
Wastewater, 17th Edition, APHA 
Methods for Chemical Analysis of Water and Wastewater 

The above materials were used in the program for the wet chemistry 
and gas chromatography training. All of the above referenced materials 
have been or are being provided to Tabbin Institute for Metallurgical 
Studies. Reference books and materials that were left with TIMS include: 

Standard Methods for the Examination of Water and 
Wastewater, 17th Edition, APHA 
Code of Federal Regulations, 40, Parts 136 
Principles of Instrumental Analysis, Skoog and Leary 
Instrumental Methods of Analysis, Williard, Merritt, Jr., 
Dean, and Settle, Jr. 
Fundamentals of Analytical Chemistry, Sixth Edition, 
Skoog, West and Holler 
The Merck Index, Eleventh Edition 
CRC, Handbook of Chemistry and Physics, 72nd Edition 
Quattro-Pro, Version 4.0, Database Software 
Methods for Chemical Analysis of Water and Wastewater 
Methods for the Determination of Organic Compounds in 
Drinking Water, Supplement I, EPA/600/4-88/039 
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Columns at Tabbin 

Type Method used for
 

10% Dionyl Phthalate on 80/100 Chromosorb WHP, 1/8 x
 
4 meters (2)
 

10% Dionyl Phthalate on 80/100 Chromosorb WHP, 1/8 x
 
2 meters (2)
 

15% FFAP on 80/100 Chromosorb WAW Phenol-, Volatile Organics,

1/8 x 2 mewrs (2) i.e 601 or 602
 

80% Propack N, 1/8 x 2 meters (2)
 

80/100 Chromosorb 102, 1/8 x 2 meters (2)
 

60/80 Activated Alumina, 1/8 x 2 meters (2)
 

80/100 Chromosorb 101, 1/8 x 2 meters (2)
 

3% OV-17, 80/100 Chromosorb WHP
 
1/8 x 2 meters (2)
 

10% OV- 101, 80! 100 Chromosorb WHP
 
1/8 x 2 meters (2)
 

10% Carbowax 20m, on 80/100 Chromosorb WHP, 1/8 x
 
2 meters (2)
 

15% Chromosorb W-NAW on 80/100 K2OM
 
1/8 x 6 ft 
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Columns for Water and Wastewater
 
Analysis by EPA Standard Methods
 

1%SP-1000 on Carbopack B (60/80)
3 mm x 2.4 in 

n-Octane on Porasil-C (100/120)
3 mm x 1.8 m 

5%SP-1200 and 1.75% Bentone-34 on Supelcoport 
(100/120) 1/8 in x 6 ft 

5% 1,2,3 Tiis(2-cyanoethoxy)propane on Chromosorb W-
AW (60/80) 18 in x 8 ft 

Porapak-QS (100/120) 
2 mm x 10 ft 

Chromosorb 101 (60/80)
.10 in x 6 ft 

1%SP- 1240DA on Supelcoport 
2m IDx 1.8m 

5%OV-17 on Chromosorb W-AW-DMCS (80/100) 

1.5% SP-2250/1.95% SP-2401 Supelcoport (100/120)
4mm ID x 1.8 m (glass) 

3%OV-1 on Supelcoport (100/120)
4 mm ID x 1.8 m (glass) 

10% Carbowax 20 M/2% KOH on Chromosorb W-AW 
(8/100) 4 mm IDx 1.8 m 

10% SP-2250 on Supelcoport (100/120)
4 mm IDx 1.8 m 

1.5% SP-2250/1.95% SP-2401 Supelcoport (100/120)
4mm ID x 1.8 m 

3%OV-1 on Supelcoport (100/120)
4 mm ID x 1.8 m 

1.95% QF-1/1.5% OV-17 on Gas Chrom Q(80/100 mesh)
2 or 4 mm IDx 1.2 m 

3%OV-101 on Gas Chrom Q(80/100) 
2 or 4 mm x 3.0 m(glass) 
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EPA-601
 
Purgeable Halocarbons
 
SM 6010B.1
 

Hall Detector 

EPA-602
 
Purgeable Aromatics
 

PID Detector 

EPA-603
 
Acrolein & Acrylonitrile
 

FID 

EPA-604
 
Underivatized Phenols-FID
 

EPA-604 
Derivatized Phenols-ECD 

EPA-606 
Phthalate Ester 

ECD 

EPA-607 
Nitrosamines 

NPD or Hall 

EPA-608 
Organochlorine Pesticides & 
PCBs 

ECD 

EPA-609 
Nitroaromatics and Isophorone 

FID (NB)/ECD (DNT) 

http:SP-2250/1.95
http:SP-2250/1.95


3% OV-17 on Chromosorb W-AW-DMCS (100/120) 2mm 
ID x 1.8 m 

3%SP-1000 on Supelcoport (100/120) 
2mm IDx 1.8m 

2,6 diphenylene oxide polymer (60/80) or Tenax, 2 mm ID 
x 1.8 m 

1%SO-1000 on Supelcoport (100/120) 
2 mm ID x 1.8 m (glass) 

1.5% OV-1/2.4% OV-225 on Supelcoport (80/100) 2 mm 
Id x 1.8 m (glass) 

EPA-610 
Polynuclear Aromatic 
Hydrocarbons 

FID 

EPA-611 
Haloethers 

Hall Detector 

EPA-612 
Chlorinated Hydrocarbons 

ECD 
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Columns and Detectors for Potable Water 

1%SP-1000 on Carbopack B (60/80) 
3mmx2.4m 

n-Octane on Porasil-C (100/120)
3 mm x 1.8 m 

VOCOL, 1.5 urn film(Supelco) 
.75 mm x 60 m 

DB-624, 3 um film (J&W Scientific)
.53 mm x 30 m 

DB-5, 1urn film (J&W Scientific) 
.32 x 30 m 

DB-1, I um film (J&W Scientific) 
.32 mm x 30 m 

DB-210, .5um film (J&W Scientifk,)
SP-2401, .5 um film (Supelco) 
.32 mm x 30 n 

DB-210, .25 urn (J&W Scientific)
.32 mm x 30 m 

confirmation column 
DB-210, .50 um film (J&W Scientific)
.32 mm x 30 m 

VOCOL, 1.5 urn fdm(Supelco) 
.75 mm x 60 m 

RTX-502.2, 3 urn film (RESTEK Corp.) 
.53 mm x 105 m 

DB-62, 3 urn film (J&W Scientific)
.53 x 30 mi 

5% SP-12001.75% Bcntone P on Supelcoport-(0i100),
.085 in x 2.5 mi 

5% 1,2,3 tris(2-cyanoethoxy)propane on Chromosorb W 
(60/80), .085 in x 2.5 m 

EPA-502.1 
Purgeable Halocarbons 

Hall Detector 

EPA 524.2
 
Purgeable Hydrocarbons
 

Mass Spectrometer 

EPA-551 
Extractable Halocarbons 

ECD Detector 

EPA-552 
Extractable Haloacetic acids 

ECD Detector 

EPA-502.2 
Purgeable Organics
PID & Hall in Series 

PlD & ELCD 

PlD & ELCD 

EPA-503.1 
Purgeable Azmmatic 

PID 
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SECTION VI
 

WORKSTATION REARRANGEMENT
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PLANS FOR WORKSTATION RJEARRANGEMENT 

A preliminary outline of the laboratory workstations (areas) was 
developed. Drs. Foust and Parker currently have suggested in a broad 
sense that the air laboratory become the Remote Site Assessment 
Laboratory. All equipment, air and water, that is to be used in remote site 
measurements are being placed in this laboratory. 

The Wet Chemistry Lab is to be partitioned for organic and inorganic 
recovery work. The rough draft of the laboratory reorganization plans are 
attached. Areas for digestion/extraction of samples are to delineated to 
prevent contamination and to provide ultimate QA/QC. 

These workstations will be equipped with all necessary glassware, 
equipment and provided instructions for particular analytical procedures; 
thus, maximizing efficiency of laboratory operations. 

The request for equipment (glassware, etc.) of the Tabbin Institute 
suggested that there are some supplies available but they are in limited 
supply. Much of the glassware originally ordered is carefully stored at 
Tabbin but indicated here and previously, available stores are limited for 
optimum operation of the laboratory facilities. 

Lectures on Gas Chromatography (GC) were focused on quality 
assurance/quality control with respect to problems faced in gas
chromatographic analyses, water and air analyses. The students proved 
receptive and a lively discussion ensued. Each student was given a copy of a 
standard QA/QC planning manual and were being asked to consider a 
QA/QC plan for the laboratory. The focus will quickly shift to the standard 
methods for sample collection, extraction, analysis and data reduction and 
handling in GC and other instrumentation; e.g. Atomic Absorption 
Spectroscopy, etc. 

As a result of discussions with the air group at TIMS a new protocol 
has been developed for use at the Tabbin Institute. The new protocol was 
put in place and the results were evaluated. 
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PART II 

CONCLUSIONS AND RECOMMENDATIONS 
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CONCLUSIONS AND RECOMMENDATIONS 

Laboratory Management 

The single most significant problem in the TIMS Environmental Monitoring 
Laboratory was laboratory management. Several meetings were held during the 
training with Dr. Barakat and Mr. Ataf El-Sabby to develop a laboratory 
management plan. These meetings were serious and productive in terms of 
addressing the issues with the expectation that as a result of these discussions 
the following actions by TIMS will be taken: 

1. A laboratory management plan will be developed that will permit this 
laboratory to operate effectively. 

2. A !ist of job responsibilities will be developed that will make clear to all 
laboratory personnel both their individual and group commitments. 

3. A work scheduling plan will be developed so that work can be 
completed in a timely manner; and 

4. A list of TIMS immediate training needs will be prioritized so we can 
help the TIMS staff meet their commitments to the World Bank and other 
Project.s. 

Our initial suggestions on laboratory management were met with some 
resistance, but the pressure of meeting deadlines for the World Bank Project
resulted in an awareness among TIMS personnel (Dr. Yousey and Mr. Ataf) that 
these procedures need to be implemented. The pressure of the World Bank 
Project has been the stimulus needed to make progress on the point of laboratory 
management. 

We believe that while these issues were discussed and apparently agreed 
upon by the TIMS senior staff we still have yet to see affirmative action. The 
CAU/HBCU/MI team summarizes the TIMS Laboratory Management issues and 
makes the recommendations below: 

TIMS LABORATORY MANAGEMENT PLAN 

OVERVIEW 

Tatbin Institute for Metallurgical Studies (TIMS) currently houses two chemical 
analysis laboratories with a staff of one laboratory manager, 10 analystS and 
additional supporting staff of approximately 10 people. One laboratory 
concentrates its efforts on metals analysis only and the second laboratory 
focuses on environmental analysis. Both laboratories could operate more 
effectively by adopting a unified laboratory management plan. 
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The Current Situation
 

Although job titles have been defined, position descriptions with responsibilities 
and lines of authority have not been assigned. The result is an inabiity to assign 
tasks so that work can be completed in an efficient and timely manner. Additional 
problems that results from the administrative structure is a failure to establish long 
term goals, inadequate planning for routine operational goals of the laboratory as 
a whole. The final factor that has impacted on laboratory operations at TIMS is the 
commitment to provide data for an environmentally study in the Helwan area. 
Work for this environmental study, funded by the World Bank, is being done by 
personnel from both laboratories, and the facilities of both laboratories are being 
used for the experimental work. 

Statement of the Problem 

During the training period, we discussed laboratory management with the TIMS 
technical staff and management personnel (Dr. Yousry Barakat and Mr. Atef El-
Sabby). Our discussions touched on all aspects of laboratory at practices, and 
many of our suggestions were greeted with the response, "But you don't 
understand, this Is Egypt". The view of the training team experts is that we do 
understand. Instead of the response we received, we would have liked to hear or 
be adopted as their motto, "This may be Egypt, but the TIMS 
Environmental Monitoring Laboratory operates like a certified EPA 
Laboratory In the United States." 

Current management practices in the Environmental Pollution Laboratory lead to 
some specific problems that impact on the laboratory's abililty to function 
effectively. These individual problems are discussed separately below: 
Lack,,j ~erational Budgaet: The lack of an operating budget has resulted ino.f 


an extreme shortage of routine laboratory supplies. This include chemicals, 
glassware and reagents (consumables and disposables). The results is an 
inability to perform sample preparation. An additional prublem that has devs!oped 
at TIMS, because of the shortage of operating supplies, is the hoarding of 
glassware and chemicals bi' individual technicians. The result is that an analyst 
may not be able to conduct i assigned experiment because a chemical or piece
of glassware is not available. Whereas in reality it was locked up in a cabinet in 
the laboratory. This problem is extremely evident inthe Air Monitoring Laboratory, 
in which the "expert" was not present for the first six weeks of training and has 
many swagelok tube fittings which would be useful for gas line connections on the 
GC or the A. This problem is also particularly severe in the competition between 
the Environmental Pollution Laboratory and the Chemical Analysis Laboratory. 

Lack of Defined Re oso..bily. Although !here are approximately 20 individuals 
working in the two analytical chemical Itboratories, specific job responsibilities 
are not clearly defined and many of the ,outine tasks of running a laboratory are 
done only sporadically or do not get done at all. There is no central inventory of 
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supplies that can be checked for the availability of chemicals and glassware, and 
therefore, supplies cannot be ordered ahead of time-before they run out. Until 
recently, nobody assumed responsibility for cleaning glassware and laboratory 
space. The result was oirty glassware collecting on the benchtops, and many
unlabeled beakers and bottles containing samples of unknown origin. Another 
result of this policy is that some individuals end up doing more than their share of 
the work while others do les than their share. 

Absinc of an Administrative Structure: Although Mr. Atef holds the title of 
Laboratory Manager, implying responsibility for daily operations, the position of 
Laboratory Director is apparently vacant. The Laboratory Director would have the 
responsibility of long-term planning and providing the resources for the Laboratory 
Manager to do his job effectively. Although Dr. Yousry Barakat has assumed the 
title of Project Director for the World Bank Project, he stated very emphatically that 
he had no responsibility for any aspects of the laboratory operation. In many 
respects, it seems that the laboratory technicians have the greatest responsibility 
of all personnel. They control keys to locked supply cabinets and Mr. Atef must 
ask their permission if he needs access to equipment in the locked cabinets. This 
is particularly troublesome if a technician does not come to the laboratory on a 
given day. Apparently, there are not duplicate keys for any locked cabinets. The 
functions of Chief Analyst and Quality Assurance Officer are not addressed by any 
of the currently laboratory personnel. 

Lac-ofMisstin_$ nt end Long-Term Plans: The implied missions of the two 
analytical chemical laboratories (from their titles) are: 1) Chemical analysis of 
metallurgical samples for industry and research, and; 2) Analysis of Environmental 
Samples to Monitor Industrial Pollution. In practice, the missions seem to merge 
into one common goal of providing chemical analysis for the sample at hand-with 
available equipment and' personnel. By not having a well defined mission and 
goal statement it is not possible to adopt long-term plans. This situation leads to a 
lack of purpose and commitment among laboratory personnel, negatively
impacting on all laboratory operations. 

RECOMMENDATIONS 

The first step in improving the laboratory performance at TIMS would be to do a 
total resource inventory that would include an evaluation of: 

1. 	Available Personnel and Training 
2. 	 Available Laboratory Facilities, (including space, fume hoods, 

instrumentation, chemicals and glassware. 
3. Determine mcnetary support available through IMVS, the 

Ministry of In,'-;try or the Metallurgical Industries Corporation 
4. 	 Determine potential revenue sources from outside TIMS 

The issue of two separate or one combined chemical laboratory needs to be 
addressed and a single mission statement (or two separate mission statements)
written clearly to define the role of these laboratories at TIMS. An appropriate
administrative structure should then be chosen that will best support the mission 
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statement(s) and help meet the long term goals for the analytical laboratories and 
finally, a budget must be adopted that will provide for personnel costs, operations,
capital and overhead expenses. 

Although, it would be easy for the training team to provide specific
recommendations, we believe that the issues are of sufficient importance that all 
levels of the TIMS staff and administration should be involved in the discussions. 
Completing the process as outlined will result in a broader support base if our 
recommendations were adopted. The final reason for following this process is that 
our perspective is based on only a few weeks of observations and individuals 
more involved with TIMS will be able to add a perspective to the situation that only
experience can provide. 

Microbiology Training and Recommendations 

The wastewater microbiological training included the following subjects which 
were covered extensively: 

Biological Oxygen Demand, 
Chemical Oxygen Demand and 
Oil and Grease Determination. 

This material was received by the students quite well and we feel that the training
goals in these areas ware met. 

However, the microbiology portion of the training was another matter. Problems 
encountered in this area were reported in our weekly reports and may be 
reemphasized. It was evident that there was not enough time to adequately train 
the students in the area of microbiology. Their background was not adequate
enough and the time allotted for the training had to be shortened due to the World 
Bank Project. Materials necessary for the training were not all present and the 
delay in ordering the materials (and the nec6ssity for limiting the ordering budget) 
contributed to the problem. 

We are convinced of the need for additional training in microbiology. The 
microbiology training will need to start with the basic concepts and progress to the 
practical aspects of the laboratory. It should include provisions for making sure 
that all supplies and equipment necessary for microbiology are in place. It should 
also include field trips for sampling various sites and pressures for obtaining data 
on a timely and accurate basis. In addition to the water microbiology (fecal
coliform and total coliform), topics should be extended into the areas of bacterial 
and viral pathogens for the selected students (specialists) who will deal with these 
problems in the future. Some aspects of food microbiology and public health 
microbiology could be addressed. Both the students and the Tabbin staff 
supported the need for this additional training in microbiology. 
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SPECIFIC RECOMMENDATIONS 

Lead Abatement 

After visiting General Metal Works, Inc. where lead is recycled, it is our opinion that 
there is extreme lead contamination of the entire area surrounding this company.
We would therefore recommend training in the awareness of lead poisoning, 
especially of young children and pregnant mothers. Training should also be 
provided in the measurement of lead in paint, soil and water and the abatement of 
lead from these media. This situation is compounded by the fact that leaded 
gasoline is still baing used in Egypt. 

Occupational Health and Safety 

Based upon our observations of the TIMS technicians while they were conducting
air sampling at the Tourah Cement Factory at Corniche on the Nile, we noticed 
that someI of the technicians were not adequately protected with respirators and 
goggles. We would, thereiore, recommend further training, especially for field 
technicians in "Occupational Respiratory Protectiono. A (raining module on Worker 
Expisure and Safety was proposed in our initial RFP. 

Asbestos 

Personnel at General Metal Works, Inc. had indicated to me that asbestus 
containing-material was being removed from factories by untrained personnel
who are not aware of the dangers of being exposed to asbestos fibers and also 
wear no protective clothing nor respirator. TIMS has expressed a desire to be 
trained in the identification and measurement of asbestos containing-materials 
and to procure the olecessary equipmant to acquire this analytical capability. 

Asbestos Management training, incluling the measurement of airborne asbestos 
fiberw and the identification and quantification of asbestos in bulk samples are 
therefore recommended, particularly in the light of the fact that most Egyptian
males smoke cigarettes. BecauS3 of the synergitiic effect, a smoker who inhales 
asbestos fibers is 60 to 80 times more likely to die from lung cancer as compared 
to a non-smoker not exposed to asbestos. Also, please note that some of the 
training in Occupational Respiratory Protection ovarlap with some portions of the 
curriculum for Asbestos Inspection and Abatement. 

Our staff qualifications in asbestos management include the following: 

" 	 Certification by the USEPA, New York City and Florida States as 
Asbestos Inspector, Management Planner and Contractor 

" 	 Four years of experience as Technical Director of an asbestos training 
laboratory 
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* 	 Fours years as Assistant Chief of Inapectors at the Environmental 
Health and Safety Department, City of New Yorm, where the AHERA 
(Asbestos Hazardous Emergency Response Act) survey was 
supervised, and 

" 	 The implementation of asbestos abatement responsa actions for the 
New York City Public Schools, also 

" 	 NIOSH 582 Certification in the measurement of airborne fibers 
employing Phase Contrast Microscopy 

Air Pollution 

A3 a result of a visit to the Nasser Automobile Company, we were approached to 
investigate the cause and effect of air pollution on the stress-corrosion induced 
longitudinal cracking of reinforced concrete arches that support the roof over 8 
hangers with a total floor space of 180,000 square meters. 

We were also approached by one of the engineers from the Egyptian Compaaty of 
Aluminum Products (Alumisr) after a special lecture in Air Pollution Control. The 
company is concerned about sulfuric acid and hydrogen vaporization from the 
tanks. 

Another engineer was concerned about the measurement of the efficiency of 
electrostatic precipitators, especially those at the cement factories. This is of major 
importance, as would be attested to by anyone who has visited Cairo. 
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TIMS TECHNICAL STAFF EVALUATIONS AND ASSESSMENTS 

Student Evaluations In Instrumental Analysis 

Mrs..Elham is an exceptionally bright and capable student who demonstrated the 
highest level of natural ability in the class. She has a good grasp of all the 
fundamentals of environmental analysis that she combines with an initiative to do 
things on her own. She is fully competent in sample proparation and analysis
methods, flame and graphite furnace atomic spectroscopy. She demonstrated 
unusual independence and competence by connecting the Perkin-Elmer data to 
the AA spectrophotometry on her own, and working through much of the software 
problems. 

Mrs. Nabamia is the most organized and the best "leader" in the class. She is a 
very serious student with exceptional organization skills. A very hard worker who 
demonstrated good initiative by being the first student to do six sample
digestion's simultaneously. She is fully competent insample preparation and 
analysis methods, flame and graphite furnace spectroscopy. Mrs. Nabamia is our 
choice for a Quality Assurance Officer, when the position is established. 

MrSai is the best all-around analyst in the group. He is the hardest worker
and the most serious about meeting deadlines and getting the job done correctly
and on time. He is fully competent in sample preparation and analysis methods,
flame and graphite furnace atomic spectroscopy. Mr. Samei; is our choice for 
Chief Analyst when the position is established. 

MLr.Khalid is the most improved student in the groups. He has improved his
laboratory skills and shown a sincere desire to learn, especially about atomic 
spectroscopy. He demonstrated good initiative by finding three difference 
procedures for eliminating sulfide interference with the cyanid9 test and good
judgment by selecting the best procedure to use for his samp:es. He is fully
competent in sample preparation and analysis methods, flame and graphite
furnace AA spectrophotometry. He needs to be watched carefully in the 
laboratory so he does not slip back into his former sloppy laboratory habits. 

Mr. Hassan is a fully competent laboratory technician. The individual with the 
greatest breadth of laboratory experience. Mr. Hassan is best able to help
develop the laboratory by sharing his experience with the younger, less 
experienced individuals. He is fully competent in sample preparation and 
analysis methods and the best person in the group with flame AA 
spectrophotometry. I would judge him "competentm with Graphite Furnace AA,
but he needs additional instrument experience to be fully competent. 

M..Bea is competent in sample preparation and analysis methods, but would
benefit from additional supervised experience. His competence with the flame 
and graphite furnace atomic absorption spectrophotometer is marginal. He 
should only work with this instrumentation under close supervision. 
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Student Evaluations in Microbiology 

The HBCU/MI Consortium Training Team met with Dr. Barakat during an exit 
interview and expressed the following opinions on the students who attended 
training in the areas of BOD, COD, Oil and Grease and Microbiology attended 
sessions on a regular basis (Madam Elham, Madam Nabawia, Mr. Samir and 
Mr. Khaled. The other students attended sessions on a very sporadic basis and 
did not seem as committed as the previously mentioned four students. Of the 
four students, Madam Elham and Mr. Samir aipeared to have had the most 
potential as far as developing into specialist* in various areas. Mr. Samir 
appeared to be the most well rounded of the students with knowledge and 
enthusiasm in all the areas of training. Madam Elham had a very good depth of 
know;edge but was able to put in less time training due to personal
commitments. She had to leave by 2PM every day. Madam Nabawia has a 
very good aptitude for attention to details and as previously assessed, she 
would be a good candidate for a quality assurance officer for the laboratory. Mr. 
Khaled appeared to be very interested in training but had a more difficult time 
picking up some of the material. This may be due to a language problem. Mr. 
Khaled appeared to be less proficient in English (the language of training) than 
did the other students. The other students (Mr. Reda and Mr. Hassan) did not 
really attend enough training session for me to have formed an opinion on 
them. 

Overall Assessment in Microbiology 

The overall assessment of the training in the areas of BOD, COD, and Oil and 
Grease went very well. The microbiology training was not as successful for 
several reasons. First, some of the necessary supplies were not at TIMS and 
had to be ordered. This order was delayed and did not arrive prior to the 
training teams departure from Egypt. The second and most important reason 
was the lack of biological information in the students background. This made it 
very difficult to teach basic principles in microbiology in the limited time 
available. If in the future the studerts are to become more proficient in this area, 
they must receive additional training. 
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STUDENT AND LABORATORY EVALUATIONS 
IN 

GAS CHROMATOGRAPHY - JUNE 

The June training session involved the installation of capillary columns to 
upgrade the gas chromatography units at T:MS. This was completed sucessfully
by Dr. Parker with the help of Mr. Khaled and Mr. Samir. The installation of the 
capillary columns were explained and demonstrated to Madams Elham and 
Nabawia, Misters Khaled, Samir and Atef. Mr. Reda was absent during the 
installation of the capillary columns. Mr. Khaled worked diligently with Dr. Parker 
in ensuring that materials necessary for the operation of the GC were in place
when the installation was complete. The third column can be easily installed by
Mr. Khaled or one of the other trainees. 

Mr. Khaled has improved tremendously over the training period and it is the 
opinion of Dr. Parker that he is the most improved trainee of group. Dr. Parker 
strongly recommends additional training for Mr. Khaled and Mr. Samir. They can 
provide the cornerstone to keeping the laboratory abreast of current and 
developing methods. 

The training session continued with lectures on quantitative and qualitative
analysis of organic materials using EPA methods. Demonstrations were 
conducted on the use of Kuderna-Danish Concentrators, clean up columns and 
analysis of a water sample using the purge and trap. Due to processes which 
were not under our control the materials necessary for the hands on training 
were delayed at the airport until two days prior to our departure. 

All equipment ordered was delivered to TIMS on June 28, and was immediately
placed into the laboratory under the directions of Dr. Parker. Laboratory 
management was against the idea of plocing the equipment into the laboratory
directly because they could not track it readily. Iowever, they finally agreed that 
it was the most logical edict to follow. 
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SUMMARY
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SUMMARY 

The CAU/HBLCU/MI team believes that the environmental pollution laboratory at
TIMS is capable of operating at a level equivalent to that of a good American 
laboratory. T!MS has good equipment and a competent, well-trained technical 
staff. The biggest problem at TIMS is labcratory management, and we feel that the
laboratory management should be addressed before any additional funds are 
committed to the environmental pollution laboratory. A laboratory director with 
some knowledge of environmental analytical methodology, instrumentation and 
quality assurance/quality control should be appointed, and this individual must
have an administrative organizational structure with an adequate financial base
with which to operate. Once these conditions have been met, the nexc step would 
be for the laboratory to work as co-partners with some experienced personnel (like
the CAU/HBCU/MI training team) to provide additional training and experience.
Additional training after the completion of the current project, without a 
requirement to produce a produci (usable data), would be an unwise use of funds. 
This type of "co-partnership" would involve the issues of planning, human 
resources and money management (in addition to further advanced technical 
training). Ideally, this would be a project of approximately one year duration, and 
again, there must be a requirement to produce a usable product. With the right co
pailriers, the TIMS environmental pollution laboratory would be able to reach a 
functional level where they could begin writing environmental technical proposals,
conducting necessary research projects and managing the laboratory, monitoring
and enforcing Egyptian Laws and Ragulations on their own. They are not able to 
do this and will probably not mature to this stage of independence without
additional help and quidance. The CAU/HBCU/MI staff will be glad to help USAID 
"flesh-out" these ideas and submit a proposal for further work. It is a project we 
would all like to be involved with, if the opportunity arises. 

The CAU/HBCU/MI Consortium training team further believes that the immediate 
training needs of the TIMS staff have been met as indicated in the individual
student assessments. However, progression to a fully functional laboratory as a 
national resource to effectively monitor and enforce existing regulation
requirements for Waste Water Effluents under Egyptian Law 92 (1962) and Law 
48 (1984) and Air Emission under their current laws that sets standards and limits 
for particulate, air toxic and ambient air constituents requires restructuring of the 
Egyptian Environmental Agencies (role, responsibilities and funding) and setting a
national agenda for the environment in the 5-year plan in the Prime Minister's 
office including the redefining of roles and responsibilities in Ministries of
International Cooperation, Economy, Industry, Health and Irrigation where there 
are overlapping and confused environmental responsibilities. 
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FISHER SUPPLY LIST
 
Supply List for Atomic Spectroscopy
 

hn DESCBIEEI QA IiM NO, UNICOS1 

1 100 ml Polyethylene Bottles 3 cs 02-893-5C 173.49 

2 Total Ionic Strength Adjusting Buffer (TISAB) I ea SB175-4 46.23 

3 Glossive Weighing Papers 9 cm x 9 cm or 2 pkg 09-898-12B 18.00 

4 Small stainless steel spatulas 2 pkg 14-373 126.00 

5 Beakers, Griffin, Pyrex or Kimax, 500 ml 4 pkg 02-539M 67.88 

6 Beakers, Griffin, Pyrex or Kimax, 100 ml 2 pkg 02-539H 48.16 

7 Beakers, Griffin, Pyrex or Kimax, 50 ml 2 cs 02-539G 138.24 

8 Beakers, Griffin, Pyrex or Kimax, 10 ml 2 cs 02-539C 162.00 

9 Glass Stirring Rods - 10 cm lmg x 4mm 4 pkg 11-380-B 39.00 

10 Volumetric Flask, 100 ml, Class A 2 cs 10-2105C 266.40 

11 Volumetric Pipet, 5.0 ml, Class A 2 cs 13-6502F 115.20 

12 Boiling Flask, 250 ml, 24/40 Ground Glass I cs 10-067E 117.18 

13 Antimony Metal, 99.9+% 1 ea A845-500 73.47 

14 Barium Chloride Dihydrate (BaCI2"2H20) 99.9+% 1 ea B34-100 11.01 

15 Cadmium Metal, 99.9%+ 1 ea C3-500 44.52 

16 Copper Metal Powder, 99.9+% 1 ea C430-500 30.84 

17 Lanthanum Oxide, La203, for AA Spectroscopy I ea C3357-250 57.42 

18 Lithium Carbonate, L12C03, 99.9+% 1 ea L119-500 43.05 

19 Ammonium Molybdate, (NH4)2 M0 03, 99.9% 1 ea A674-500 74.34 

20 Nickel Metal Powder, 99.9+% 1 ea N40-500 48.48 

21 Potassium Chloride, 99.9+% 1 ea P217-500 12.54 

22 Selenium Dioxide, Se02, 99.9+% 1 ea S5-464-500 22.98 
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23 Sodium Chloride, NaCI, 99.9+ % I ea S271-500 11.43 

24 1000 ml Polyethylene Bottles 2 pkg 02-893-5F 36.60 

25 MM Tubes 6x50 I cs 14 958A 22.13 

26 MM Tubes 16x150 I Cs 14 958H 45.00 

27 Bacticapa V Stoppers 1 cs 14 127 28B 42.75 

28 EC Medium 1 lb DF 034010 39.42 

29 Gelman Glass Filter 47 mm I pkg 09 730 78 19.88 

30 Pipet, 1 mi, Class A 2 Cs 13-650B 91.80 

31 Pipets, 10.0 ml 2 cs 13-650L 110.70 

32 Pipet, 50-200 ul 2 ea 21 185 14 288.00 

33 Pipets, 200-1000 ul 2 ea 21 185 16 288.00 

34 Pipet Tips, Ultra Micro I pkg 21 197 2F 27.23 

35 Pipet Tips, Rainin Small 1 pkg 21 197 8G 25.50 

36 Tips, 1-200 ul I pkg 21 244 1 39.00 

37 Tips, 201-1000 ul I pkg 21 244 2 39.75 

38 Screwcap Vials 3 Dr 2 pkg 03 338D 73.50 

39 Screwcap Vials, 6 Tall 2 pkg 03-338H 96.76 

40 Screwcap Vials Sep-Grdl(Clear) 2 cs 05 719 121 291.98 

41 Vial EPA W/O Closure I pkg 03-339 5A 43.89 

42 Vial/TEF Cap 1/2 Dram 2 pkg 03-339 75.00 

43 Screw Cap Test Tubes, 15 ml - PTFE Lined Caps 2pkg 14 933 IA 248.40 

44 Tube W/Cap 13x100 3 pkg 14 930 1OA 198.72 

45 Disposable Pasteur Pipets, . ml 2 cs 13-673-20A 55.50 

46 Btl WM Amber 1 cs 03 320 8F 51.75 

47 Borosilicate Sample Bottles and Caps, 1.0 L I cs 06414-ID 60.68 

48 Borosilicate Sample Bottles and Caps, 500 ml I cs 06414-IC 49.58 
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49 Separatory funnels (Teflon Stopcocks), 250 ml 

50 Separatory funnels (Teflon Stopcocks), 500 ml 

51 Alumina (80-200 Mesh) 

52 L-Ascorbic Acid 

54 Florisil (60/100 Mesh) 

56 Isooctane 

55 Potassium Carbonate 

56 Sodium Sulfate 

57 Sodium Thiosulfate 

58 2 ml Bulb for Pasteur Pipet 

59 30 ml Bulb for use with Volumetric Pipet 

2 cs 

2 cs 

I cs 

5 ea 

5 ea 

1 cs 

2 ea 

2 ea 

2 ea 

I pkg 

6 ea 

TOfAL 

10-437-2C 360.18 

10-437-2D 413.64 

A540 3 269.66 

A61 100 76.15 

FI00-500 176.30 

0298-1 24.67 

P179-500 47.46 

S421-500 24.24 

S441-500 86.28 

14-065B 24.75 

14-070C 22.50 

TOTAL $ 5,692.63 

Export 448.00 

Air Freight 838.00 

Insurance 80.00 

$ 7,058.63 
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PERKIN-ELMER SUPPLY ORDER LIST
 

Item 

I 

2 

3 

4 

Description 

Capillary Columns Adapter 

Detector Receiver 

Flow Accessory Controller 

Pressure Regulator 

Parts number 

3320146 

N6020024 

N6023031 

N6023010 

Quantity 

3 

3 

3 

3 

Unit Cost 

240.00 

96.00 

165.00 

490.00 

Total Cost 

720.00 

:.88.00 

495.00 

1,470.00 

Sub-Total 12 $2,973.00 

Shipping Cost 60.00 

Total $3,033.00 
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SUPELCO SUPPLY ORDER LIST
 

Item Description Parts number quantity Unit Cost Total Cost 

1 Pesticides, chlorinated 4-2846 0 8 1.00 0.00 

2 Volatiles (VOA- 1) 4-2841 2 81.00 162.00 

3 Volatiles (VOA-2) ° 4-2842 2 81.00 162.00 

4 VOC Mix 1 4-8775 2 58.00 116.00 

5 VOC Mix 2 4-8777 2 50.00 116.00 

6 VOC Mix 3 4-8779 2 58.00 116.00 

7 VOC Mix 4 4-8786 2 58.00 116.00 

8 Purgeable Halocarbon 601-S 4-8769 0 547.00 0.00 

9 Purgeable Halocarbon 601 M2 4-8747 2 35.00 70.00 

10 Purgeable Aromatics 602M 4-8740 2 35.00 70.00 

1 1 Purgeable Aromatics 602N 4-8760 2 83.00 166.00 

12 Phenols 604S 4-8785 1 202.00 202.00 

13 Phenols 604N 4-8761 1 202.00 202.00 

14 Organochlorine Pesticides PCB 608 S 4-8753 1 506.00 506.00 

15 Organochlorine Pesticides PCB 608N 4-8763 1 685.00 685.00 

16 PAH 610S 4-8755 1 460.00 460.00 

17 PAH 610N 4-8765 1 285.00 285.00 

18 5 ul Micro Pippette 5-8618 2 113.00 226.00 

1 9 10 ul Micro Pippete 5-8600 2 120.00 240.00 

20 20 ul Micro Pippette 5-8601 2 120.00 240.00 

2 1 Separatory Column 400 X 19 X 22 6-4753 2 49.00 98.00 

22 Separatory Column 300 X 22 X 25 6-4754 2 51.00 102.00 

23 Separatory Column 400 X 14 X 22 6-4757 2 65.00 130.00 
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WUrPLIUU 5JPPLY ORUER LIST 

24 Separatory Column 300 X 22 X 25 6-4758 2 71.00 142.00 

25 Kuderna-Danish Concentrator Kits 6-4685 5 133.00 665.00 

26 Kurderna-Danish, 2 Ball Column 6-4727 5 64.00 320.00 

27 Kurdena-Danish, 3 Ball Column 6-4720 5 61.00 305.00 

29 

Sub-Total 53 $5,902.00 

Shipping Cost (Estimated) 300.00 

Total $6,202.00 
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SUPELCO SUPPLY ORDER LIST
 

Item 

I 

2 

3 

Description 

Capillary Columns 

Capillary Columns 

Capillary Columns 

Parts number 

2-5358 

2-5341 

2-5343 

Quantity 

1 

1 

1 

Unit Cost 

1145.00 

558.00 

558.00 

Total Cost 

1,145.00 

558.00 

558.00 

Sub-Total 3 $2,261.00 

Shipping Cost 9.00 

Total $2,270.00 
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BODMAN CHEMICALS 

SUPPLY LIST/CAIRO, EGYPT 

Na 

I 

DESCEFJLON 

Capillary Column 

QUMN 

1 ea 

iE&NO, 

DB-624 

UNIT COST 

925.00 

TOTAL 

Shipping Cost 14.00 

939.00 
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METALS 

(Atomic Absorption Methods) 

Scope and Application
1.1 Metals in solution may be readily determined by atomic absorption spectroscopy. Themethod issimple, rapid, and applicable to alarge number ofmetals in drinking, surface,and saline waters, -.nd domestic and industrial wastes. While drinking waters free ofparticulate matter may be analyzed directly, domestic and industrial wastes requireprocessing to solubilize suspended material. Sludges, sediments and other solid typesamples may also be analyzed after proper pretreatment.1.2 Detection limits, sensitivity and optimum ranges of the metals will vary with the variousmakes and models of satisfactory atomic absorption spectrophotometers. The datashown in Table 1, however, provide some indication of the actual concentration rangesmeasurable by direct aspiration and using furnace techniques. In the majorityinstances the concentration range shown in the table by 

of 
direct aspiration may beextended much lower with scak expansion and conversely extended upwards by using aless sensitive wavelength o. by rotating the burner head. Detection limits by directaspiration may also be extended through concentration of the sample and/or throughsolvent extraction techniques. Lower concentrations may also be determined using thefurnace techniques. The concentration ranges given in Table I are somewhat dependenton equipment such as the type of spectrophotometer and furnace accessory, the energysource and the degree of electrical expansion of the output signal. Wl.en using furnacetechniques, however, the analyst should be cautioned as to possible clemical reactionsoccurring at elevated temperatures which may inresult either suppression orenhancement of the analysis element. To insure valid data with furnw-.e techniques, theanalyst must examine each matrix for interference effects (see 5.2.1)and if detected, treataccordingly using either successive dilution, matrix modification or method of,.tandard

additions (see 8.5).1.3 Where direct aspiration atomic absorption techniques do not provide adequatesensitivity, in addition to th~e furnace procedure, reference is made to specializedprocedures such as the gaseous hydride method for arsenic and selenium, the cold vaportechnique for mercury, and the chelation-extraction procedure for selected metals. 
1.4 

Reference to approved colorimetric methods isalso made.Atomic absorption procedures are provided as the methods of choice; however, otherinstrumental methods have also been shown to be capable of producing precise andaccurate analytical data. These instrumental techniques include emission spectroscopy,X-ray fluorescence, spark source mass spectroscopy, and anodic stripping to name but afew. The analyst should be cautioned that these methods are highly specializedtechniques requiring a high degree of skill to interpret results and obtain valid data. 

Approved for NPDES and SDWA 
Issued 1969 
Editorial revision 1974 and 1978 
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These ab ve mentioned txhniques are presently considered as alternate tesi procedures
and approval must be obtained prior to their use. 

2. 	 Summary of Method 
2.1 In direct aspiration atomic absorption spectroscopy a sample isaspirated and atomizedin a flame. A light beam from a hollow cathode lamp whose cathode is made of theelement to be determined is directed through the flame into a monochromator, and ontoa detector that measures the amount of light absorbed. Absorption depends upon thepresence of free unexcited ground state atoms in the flame. Since the wavelength of thelight beam is chrracteristic ofonly the metal being determined, the light energy absorbedby the flame is a measure of the concentratn, of that metal in the sample. This principle 

2.2 	
is the basis ofatomic absorption spectroscopy.
Although methods have been reported for the rnalysis of solids by atomic absorption
spectroscopy (Spectrochim Acta, 24B 53, 1969) the teclique generally is limited tometals in solution or solubilized through some form of sample procesing.
2.2.1 	 Preliminary treatment of wasteiater and/cr industrial effluents is usuallynecessary because theof complexity and var.ibility of the sample matrix.Suspended material must be subjected to a solubiliz,'ion process before analysis.

This process may vary because of the metals to be determined and the nature of thesample being analyzed. When the breakdown of organic material is necessitated,
the process should include a wet digestion with nitric acid.2.2.2 	 In those instances where complete characterization of a sample is desired, thesuspended material must be analyzed -':.parately. This may be accomplished byfiltration and acid digestion of the suspended material. Metallic constituents in thisacid 	 digest are subsequently determined and the sum of the dissolved plussuspended concentr2tions will then provide the total concentrations present. Thesample should be filtered as soon as possible a.l'er co~lection and the filtrate 

acidified immediately.
2.2.3 	Th tota' sample may also be treated with acid without prior filtration to measure

what may be termed "total recoverable" concentrations.
2.3 	 When using the furnace technique in conjunction with an atomic absorptionspectrophotometer, a representative aliquot ofa sample is placed in the graphite tube inthe furnace, evaporated to dryness, charred, and atomized. As a greater percentage ofavailable analyte atoms are vaporized and dissociated for absorption in the tube than theflame, the use of small sample volumes or detection of low concentrations of elements ispossible. The principle is essentially the same as with direct aspiration atomic absorptionexcept a furnace, rather than a flame, is used to atomize the sample. Radiation from agiven excited element is passed through the vapor containing ground state aWtoms of thatelement. The intensity of the transmitted radiation decreases in proportion to the amount 

of the ground state elfment in the vapor. 
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TABLE 1 

Atomic Absorption Concentration Ranges' 

Direct Aspiration Furnece Procedure"" 

Opmum 
Op:imumDtection Concntraton Dcection Coociiratioa 

Limit Sensitivity Range Limit RangeMetal m&/I mg/I .t/l a,/I ag/I
 
Aluminum 0.1 S
I 
Antimony 0.2 

- so 3 20 - 2000.5 1 - 40 3 20 - 300Arcic's 0.002 - 0.002 - 0.02 1 s :00Banuni(p) 0,1 0.4 I 20- 2 10 - 200Beryllium 0005 0.025 0.05 - 2 0.2 ICadmium 005 0.025 005 - 2 
30 

0.1 0.5 - 10Calcium 001 008 02 - 7 -

Chromium 0.05 0.25 0.5 - 10 
 1 3 - 0Cobalt 0.05 0.2 0.5 S I - 100Copper 0.02 0.1 0.2  5 I - 100Gold 0.1 0.25 0.5 - 20 I 100Indaum(p) 3 1 20 - So0 30 100 - 150Iree 0.03 0.12 0.3 - S I S - 100Led 0.1 0.5 I - 20 I S - 100Magnesium 0001 0.007 0.02 - 0.5 - -Manprnese 0.01 0.05 0.1 - 3 

-

0.2 I  30Mercury' 0.0002  0.0002 - 0.01  -Molybdcnmn(p) 0.1 0.4 I 40- I 3 - G0Nickd(p) 0.04 0.15 0.3 - S I S - soOumium 0.3 I 2 - 100 20 s0 - 500Palladijum(p) 0.1 0.25 0.5 - Is $ 20 - 4002 s - 75 20 100 - 2000
Platinum(p) 0.2 
Potasium 0.01 0.04 0.1 - 2  .Rheniwn(p) 5 Is 50 - 1000 200 500 - 5000Rhodiump) 0.05 0.3 I - 30 s 20  400Ruthenium 0.2 0.5 -I s0 20 I00 - £00Selenium'" 0.002 - 0.002 - 0.02 2 S - 100Silver 0.01 0.06 0.1 - 4 0.2 I - 25Sodium 0.002 0.015 0.03 - I  _ _Thajlium 0.1 0.5 I  20 I -S 100Tin 0.3 4 t0 - 300 5 20 - 300TitAnium (p) 0.4 2 5 - 100 10 50 - 50Vanadium (p) 0.2 0.1 2 - 100 4 10 - 200Zinc 0.005 0.02 0.05- I 0.0 0.2  4 

(1) The €nceit-tions shown ameno contrived Wsiun and shod be buinable wh any juidaM atmk sorption 
rospp meter. 

(2) Osseou hydr;d method. 
(3) Coil vapor technique.
(4) For turuace smesitivity vWaeconsib inrument operating mUUL 
(5) The hooad furnace valiues are thos expeceod when uaing &20.1 itio ad nra g flow VeMp Enth em of anse anselenium when gas inem'upt is used. The symbol (p) adicates theme of pyrolic aphiVt wh the furna" procedunt 
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The metal atoms to be measured are placed in the beam ofradiation by increasing the temperature ofthe furnace thereby causing the injected specimen to be volatilized. A monochromator isolates the
characteristic radiation from the hollow cathode lamp and a photosensitive device measures the 
attenuated transmitted radiation. 
3. 	 Definition of Terms 

3.1 	 Optimum Concentration Range: A range, defined by limits expressd in concentration,
below which scale expansion must be used and above which curve correction should be
considered. This range will vary with the sensitivity of the instrument aud the operating 
condition employed.

3.2 	 Sensitivity: The concentratiun in milligrams of metal per liter that produces an 
absorption of 1%. 

3.3 	 Detection Limit: Detection limits can be expressed as either an instrumental or method 
parameter. The limiting factor of the former using acid water standards would be the
signal to noise ratio and degree of scale expansion used; while the latter would be more
affected by the sample matrix and preparation procedure used. The Scientific Apparatus
Makers Association "SAMA) has approved the following definition for detection limit.that concentration of an element which would yield an absorbance equal to twice the
standard deviation of a series of measurements ofa solution, the concentraton of which is
distinctly detectable above, but close to blank absorbance measurement. The detection
limit values listed in Table I and on the individual analysis sheets are to be considered 
minimum working limits achievable with the procedures given in this manual. Thesevalues may differ from the optimum detection limit reported by the various instrument 
manufacturers. 

3.4 	 Disolved Metals: Those ,:onstituents (metals) whkch will pass through a 0.45 u 
membrane filter. 

3.5 	 Suspended Metals: Those constituents (metals) which are retained by a 0.45 u membrane 
filter. 

3.6 	 Total Metals: The concentration of metas determined on an unfiltered sample following
vigorous digestion (Section 4.1.3), or the sum of the concentrations of metals in both the 
dissolved and suspended fractions. 

3.7 Tot-] Recoverable MetaLs: The concentrtion of metals in an unfiltered sample following
treatment with hot dilute mineral acid (Section 4.1.4).

4. 	 Sample Handling and Preservation 
4.1 	 For the determination of trace metals, contamination and loss are ofprime concern. Dust

in the laboratory environment, impurities in reagents and impurities on laboratory
apparatus which the sample contacts are all sources of potential contamination. For 
liquid samples, containers can introduce either positive or negative errors in the 
measurement of trace metals by (a) contributing contaminants through leaching or
surface desorptio and (b) by depleting concentrations through adsoption. Thus the
collection and treatment of the sample prior to .ialysis requires particular attention. Thesample bottle whether borosilicate glass, poly.'thylene polypropylene or Teflon shouldbe thoroughly washed with detergent and tap water; rinsed with 1:1 nitric acid, tap 
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water. I:1 hydrochloric acid, tap water and finzlly deionized distilled water in that 
order. 
NOTE I: Chromic acid may be useful to remove organic deposits from glassware;
however, the analyst should be cautioned that the glassware must be thoroughly rinsed
with water to remove the last traces of chromium. This is especially important if 
chromium is to be included in the analytical scheme. A commercial product
NOCHROMIX-avalable from Godax Laboratories, 6 Varick St. New York, N.Y.

10013, may be used in place of chromic acid. [Chromic acid should not be used with
 
plastic bottles.)
 
NOTE 2: If it can be documented through an active analytifi quality control program

using spiked samples, reagent and sample blanks, that certain steps in the cleaning

procedure are not required for routine samples, those steps may be eliminated from the
 
procedure.
 
Before collection ofthe sample a decision must be made as to the type ofdata desired, i.e.,

dissolved, suspended, total or total fcoverable. For container preference, maximum
 
holding time and sample preservation at time ofcollection see Table I in the front part of

this manul. Drinking water samples containing suspended and setteable material should
 
be prepared using the total recoverable metal procedure (section 4.1 4).

4.1.1 	 For the determination of dissolved constituents the sample must be filtered 

through a 0.45 u membrane filter as soon as practical after collection. (Glass or 
plastic filtering apparatus using plain, non-grid marked, membrane filters are 
recommended to avo.d possible contamination.) Use the first 50-100 ml to rinse 
the filter flask. Discard this portion and collect the required volume of filtrate. 
Acidify the fdtrate with 1:1 redistilled HNO) lo a pH of <2. Normally, 3 ml of 
(1:1) acid per litet should be sufficient to preserve the sample (See Note 3). If 
hexavalent chromium is to be included in the analytical scheme, a portion of the 
filtrate should be transferred before acidification to a separate container and 
analyzed as soon as possible using Method 218.4. Analyses performed on a sample 
so treated shall be reported as "dissolved" concentrations. 

NOTE3: If a precipitate is formed upon acidification, the filtrate should be digested
using 4.1.3. Also, it has been suggested (International Biological Program, S)mposium 
on Analytical Methods, Amsterdam, Oct 1966) that additional acid, as much as 25 ml of 
conc. HC/l/ter, may be required to stabilize certain types of higly buffered samples if 
they are to be stored for any length of time. Therefo-e, srcial precautions should be 
observed for preservation and storage ofunusual samples intended for metal analysis.
4.1.2 	For the determination of suspended metals a repesentative volume ofunpreserved

sample must be filtered through a 0.45 u membane filter. When considerable 
suspended material is present, as little as 100 ml ofa well mixed sample isfiltered. 
Record the volume filtered and transfer the membrane filter containing the 
inso!uble material to a 250 ml Griffin beaker and add 3 ml conc. redistilled HNO. 
Cover the beaker with a watch glass and heat gently. The warm acid will soon 
dissolve the membrane. Increase the temperature of the hot plate and digest the 
material. When the acid has nearly evaporated, cool the beaker .'dwatch gls
and add another 3 ml of conc.redistilled HNOj. Cover and continue heating until 
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ti,. digestion is complete, generally indicated by a light colored digestate. 
Evaporate to near dryness (DO NOT BAKE), add 5 ml distilled HCI (1:1) and 
warm the beaker gently to dissolve any soluble material. (If the sample is to be 
analyzed by the furnace procedure, I ml of 1:1 distilled HNO) per i00 ml dilution 
should be substituted for the distilled 1:1 HCI.) Wash down the watch glass and 
beaker walls with deionized d;stilled water and filter the sample to remove silicates 
and other insoluble material that could clog the atomizer. Adjust the volume to 
some predetermined value based on the expected concentrations of metals pre-,nt.
 
This volume will vary depending on the metal to be determined. The sample is now
 
ready for analysis. Concentrations so determined shall be reported as "suspended"
 
(See Note 4.)
 
NOTE 4: Certain metals such as antimony arsenic, gold, iridium, mercury,
 
osmium, palladium, platinium, rhenium, rhodium, ruthenium, selenium, silver,
 
thallium, tin and titanium require modification of the digestion procedure and the
 
individual sheets for these metals should be consulted.
 

4.1.3 For the determination of total metals the sample is acidified with 1:1 redistill.d 
HNO, to a pH of less :han 2 at the time of collection. 'he sample is not filtered 
before processing. Choose a volume of sample appropriate for the expected levcl of 
metals. If much suspended material is present, as little as 50-100 ml of well mixed 
sample will most probably be saificient. (The sample volume required may also 
vary proportionally with the number of metals to be determined.) 
Transfer a representative aliquot of the well mixed sample to a Griffin beaker and 
add 3 ml of conc. redistilld HNOJ. Place the beaker on a hot plate and evaporate 
to near dryness cautiously, making "rtain that the sample does noi boil. (DO NOT 
BAKE.) Cool the beaker and old another 3 ml portion of corc. redistilled HNOJ. 
Cover the beaker with a watch glass and return to the hot plate. Increase the 
temperaturc ofthe hot plate so that a gentle reflux action occurs. Continue heating, 
adding additional acid as necessary, until the digestion is complete (generally 
indicated when the digestate is light in color or does not chinge in appearance with 
continued refluxing). Again, evaporate to near dryness and cool the beaker. Add a 
small quantity of redistilled 1:1 HCI (5 ml/100 ml of final solution) and warm the 
beaker to dissolve any precipitate or residue resulting from evaporation. (if the 
sample is to be analyzed by the furnace procedure, substitute distilled HNO3 for 1: 1 
HCI so that the final dilution contains 0.5% (v/v) HNOJ.) Wash down the beaker 
walls and watch glass with distilled water and filter the sample to remove silicates 
and other insoluble material that could clog the atomizer. Adjust the volume to 
some predetermined value based on the expected metal concentrations. The sample
is now ready for analysis. Concentrations so determined shall be reported as 
"total" (see Note 4). 

4.1.4 To determine total recoverable metals, acidify tie entire sample at the time of 
collection with conc. redistilled HNOJ, 5 ml/I. 1.t the time of analysis a 100 ml 
aliquor. of well mixed sample is tranferred to a beaker or flask. Five ml of distilled 
HCi (1:1) is added and the sample heated cn a steam bath or hot plate until the 
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volume has been reduced to 15-20 ml making certain the samples do not boil. (If 
the sample is being prepared for furnace analysis, the same process should be 
followed except HCI should be omitted.) After this treatment the s.ample is filtered 
to remove silicates and other insoluble material that could clog the atomizer and 
the volume adjusted to 100 ml. The sample is then ready for analysis. 
Concentrations so determined shall be reporied as "total". (See Notes 4, 5,and 6.) 
NOTE 5: The analyst should be cautioned that this digestion procedure may not be 
sufficiently vigorous to destroy certain metal complex-s ifa colorimetric procedure 
is to be employed for the final determination. When this is suspect, the more 
vigorous digestion given in 4.1.3 should be followed. 
NOTE 6: For drinking water analyses by direct aspiration, the final volume may be 
reduced to effect up to a lOX concentration of the sample, provided the total 
dissolved solids in the original sample do not exceed 500 mg/I, the determination 
is corrected for any non-specific absorbance and there isno loss by precipitation. 

5. 	 Interference.,s 
5.1 	 Direct -,piration 

5.1.1 	The most troublesome type of interference in atomic absorption 
spectrophotonetry is usually termed "chemical" and is caustd by lack of 
absorption of atoms bound in molecular combination in the flame. This 
phenomenon can occur when the flame is not sufficiently hot to dissociate the 
molecule, as in the cae of phosphate irterference with magnesium, or becau,e the 
dissociated atom is immediately oxidized to a compound that will not dissociate 
further at the temperature of the flame. The addition of lanthanum will overcome 
the phosphate interference in the magnesium, calcium and barium determinations. 
Similarly, silica interference in the determination of manganese can ie eliminated 
by the addition ofcalcium. 

5.1.2 	Chemical interferences may also be eliminated by separating the metal from the 
interfering material. While complexing agents are primari., employed to ir.crease 
the sensitivity of the analysis, they may also be used to eliminate.or reduce 
interferences. 

5.1.3 	 The presence of high dissolved solids in the sample may result in an interference 
from non-atomic absorbance such as light scattering. If ba.-kground correction is 
not available, a non-absorbing wavelength should be checked. Preferably, high 
solids type samples should be extracted (see 5.1.1 and 9.2). 

5.1.4 	 Ionization interferences occur where the flame temperature is sufficiently high to 
generate the removal of an electron from a neutral atom, giving a positive charged 
ion. This type of interferernce can generally be controlled by the additic-, to both 
standard and sample solutions, ofa large excess of an easily ionized element. 

5.1.5 	Although quite rare, spectral interference can occur when an absorbing 
',.avelength of an element present in the sample but not being determined falls 
v ithin the width of the absorption line orthe element of interest. The results of the 
determination will then be erroneously high, due to the contribution of the 
interfering element to the atomic absorption signal. Also, interference can occur 
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when resonant energy from another element in a multi-element lamp cr a metal
impurity in the lamp cathode falls within the bandpass of the sli: setting and that
metal is present in the sample. -is type of interference may sometimes be reduced 
by narrowing the slit width. 

5.2 	 Flamelss Atomization 
5.2.1 	 Although th.. problci of oxide foimn.tion is greatly reduced with furnace

procedures because atomization occurs in an :nenr atmosphere, the technique isstill subject to cnemical and matrix interferences. The composition of the sample
matrix can have a major effect on the analysi. It is those effects which must be
det-mined and taken into consideration in the inalysis of each different matrix
encountered. To help verify (he absence of matrix or chemical interference use thefollowing procedure. Withdraw from the sample two equal aliquots. To one of ihe
alia. ots add a known amount of analyte and dilute both aliquots to ihe same
predetermined volume. [The dilution volume should be based on the analysis of theundilutea sample. Preferably, th, dilution shouio oc 1:4 while keeping in mind the
optimum concentration range of the analysis. Under no circumstances should the
dilution be less than 1:1]. The diluted aliquots should then be analyzed and theunspiked results multiplied by the dilution factor should be compared to the 
original determination. Agreement of the results (wi:tin 1 10%) indica.esabsence of interference. Comparison 	

the 
of the actual signal from the spike to the

expected response from the analyte in an aqueous standard should help confirm the 
finding from the dilution analysis. Those samples which indicate the presence of
interference, should be treated in one or more of the following ways. 

a. 	 The samples should be successively diluted and reanalyzed to 
determine if the interference can be eliminated. 

b. 	 The matrix of the sample should be modified in the furnace. E..amrDles 
are the addition of ammonium nitrate to remove alkali chloties,
ammon:um phosphate to retain cadmium, and nickel nitrate for 
arsenic and selenium analyses [ATOMIC ABSORPI ION 
NEWSLETTER Vol. 14. No. 5, p 127, Sept-Oct 1975]. The mixing of 
hydrogen with the inert purge gas has also been 	used to suppres.
chemical interference. The hydrogen acts as a reducing agent and aids 
in molecular dissociation. 
Analyze the sample by method of ,tandard additions while noting the 
precautions and limitations of;Es use (See 8.5).

.5.22 	Gases gcnerated in the furnace during atomization may have molecular absorption
bands encompassing the analytical wavelength. When this occiirs, either the use of
background correction or choosing an alternate wave. engtb outside the absorption
band 	 should eliminate this interference. Non-specific broad band absorption
interference can also be compensated for with background correc lion.5.2.3 Interference from a smoke-producing sample matrix can sometimes be reduced by
extending the charring time at a higher temperature or utilizing an ashing cycle in 
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the presence of air. Care must be taken, however, to prevent loss ojf the analysis 
element. 

5.2.4 	 Samples containing large amounts of organic materials should be oxidized by
conventional acid digestion prior to being placed in the furnace. In this way broad 
band absorption will he minimized. 

5.2.5 	 From anion interference studies in the graphite furnace it isgenerally accepted that 
nitrate is the preferred anion. Therefore nitric acid ispreferable for any digestion or 
solubilization step. If another acid in addition to HNO) is required a minimum 
amount should be used. This applies particularly to hydrochloric and to a lesser 
extent to sulfuric and phosphoric acids.

5.2.6 	Carbide formation resulting from the chemical environment of the furnace has 
been observed with 	certain elements that form carbides at high temperatures.
Molybdenum may be cited as an exampe When this takes place, the metal will be 
released very slowly from the carbide as atomization continues. For molybdenum, 
one may be required to atomize for 30 seconds or more before the signal returns to
baseline levels. This problem is greatly reduced and the sensitivity increased with 
the use of pyrolytically.coated graphite.

5.2.7 	 Ionization interferences have to date' not been reported with furnace techniques.
5.2.8 	 For comments on spectral interference see section 5.1.5. 
5.2.9 	Contamination of the sample can be a major source of error because of the extreme 

sensitivities achieved with the furnace. The sample preparation work area should 
be kept scrupulously clean. All glassware should be cleaned as directed in part 6.9 
of the Atomic Absorption Methods sectinn of this manual. Pipet tips have beer,
known to be a source of contamination. If suspected, they should be acid soaked 
with 1:5 HNO) and rinsd thoroughly with tap and deionized water. The use of a 
better grade pipet tip can greatly reduce this problem. It is very important that 
special attention be given to reagent blanks in both analysis and the correction of
analytical results. Lastly, pyrolytic graphite because of the production process and 
handling can become contn.minated. As many as five to possibly ten high
temperature burns may be required to clean the tube before je.

6. 	 Apparatus 
6.1 	 Atomic absorption spectrophotometer: bii;gIe o, dual channel, single-or double-beam 

instrument having agrating monochromator, photomultiplier detector, adjustable slits, a
wavelenrth range of 190 to 800 nm, and provisions for interfacing with a strip chart 
recorder. 

6.2 	 Burner: The burner recommended by the particular instrument manufacturer should be 
used. For certain elements the nitrous oxide burner isrequired.

6.3 	 Hol'ow cathode lamp,.: Single element lamps are to be preferred but multi-element lamps 
may be used. Electrutd-ess discharge lamps may also be used when available. 

6.4 	 Graphite furnace: kny furnace device capable of reaching the specified temperatures is 
satisfactory. 
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6.5 	 Strip chart recorder: A recorder is strongly recommended for furnace work so that there 
will be a permanent record and any problems with the analysis such as drift, incomplete 
atomization, losses during charring, changes in sensitivity, etc., can be easily recognized.

6.6 	 Pipets: Microliter with disposable tips. Sizes can range from 5 io 100 microliters as 
required. NOTE 7: Pipet tips which are white in color, do not contain CdS, and have 
been found suitable for research work are available from Ulster Scientific, Inc. 53 Main 
St. Highland, NY 12528 (914) 691-7500. 

6.7 	 Pressure-reducing valves: The supplies of fuel and oxidant shall be maintained a, 
pressures somewhat higher than the controlled operating pressure of the instrument by 
suitable valves. 

6.8 	 Separatory flasks: 250 ml,'or larger, for extrr ction with organic solvents. 
6.9 	 Glassware: All glassware, linear polyethylene, polyproplyene Teflonor containers, 

including sample bottles, should be washed with detergent, rinsed with tap water, 1:1 
nitric %cid,tap water, 1:1 nydrochloric acid, tap water and deionized distilled water in 
that order [See Notes I and 2 under (4 1)concerning the use of chrormic acid and the 
cleaning procedure.] 

6.10 	 Borosilicate glass distillation apparatus. 
7. 	 Reagents 

7.1 	 Deionized distilled water: Prepare by passing distilled water through a mixed bed of 
catnon and an:on exchange resins. Use deionized distilled water for the preparation of all 
reagents, calibration standards, and as dilution water. 

7.2 	 Nitric acid (conc.): If metal impurities are found to be present, distill reagent grade 
nitric acid in a borosilicate glass distillation apparatus or use aspectrograde acid. 
Caution: Distillation should bc performed in hood with protective sash in place. 

7.2.1 	 Nitric Acid (1:1): Prepare a 1:1 dilution with deionized, distilled water by 
adding the conc. acid to an equal volume ofwater. 

7.3 	 Hydrochloric acid (1:1): Prepare a 1:1 solution of reagent grade hydrochloric acid aid 
deionized distilled water. If metal impurities are found to be present, distill this mixture 
from a borosilicate glass distillation apparatus or use aspectrograde acid. 

7.4 	 Stock standard metal soluticns: Prepare as directed in (8.1) and under the individual 
metal procedures. Commercially available stock standard solutions may also be used. 

7.5 	 Calibration standards: Prepare a series of standards of the metal by dilution of the 
appropriate stock metal solution to cover the concentration range desired. 

7.6 	 Fuel and oxidant: Commercial -rade acetylene is generally acceptable. Air may be 
supplied from a compressed air line, a laboratory compressor, or from a cylinder of 
compressed air. Reagent grade nitrous oxide is also required for certain determinations. 
Standard, commercially available argon and nitrogen are required for furnace work. 

7.7 	 Special reagents for the extraction procedure. 
7.7.1 	 Pyrrolidine dithioca;,amic acid (PDCA) "see footnote": Prepare by ading 18 

ml of analytical reagent grade pyrrolidine to 500 ml of chloroform in a lit .r fla!k. 

The name pyrrolidine dithiocarbamic acid (PDCA), although commonly referenced in the scientific 
literature, is ambiguous. From the chemical reaction of pyrrolidine and carbon 4isulfide m moreproptr name would be I-pyrrolidine carbodithioic acid, PCDA (CAS Registry No. 25769-03-3). 
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(See 	 Note 8) Cool and add 15 ml of carbon disulfide in small portions and withswirling. Dilute to I liter with chloroform. The solution can be used for severalmonths if stored in abrown bottle in a refi igerator. 

NOTE 8: An acceptable grade of pyrrolidine may 	be obtained from the AldrichChemical Co., 940 West St. Paul Ave., Milwaukee, WI. 53233 (414, 273-3850). 
7.7.2 	 Ammonium hydroxide. 2N: Dilute 13 ml conc. NHOH to 100 ml with 

deionized distillced water.7.7.3 	 Bromophenol blue indicator (I g liter): Dissolve0. I g bromophenol blue in 100
ml of 50 percent ethanol or isopropanol.7.7.4 	HCI,2.5% v 'v: Dilute 2 ml redistilled HCI (6N) to4O ml with deionized distilled 
water.8. 	 Preparation of Standards and Calibrationi

8. 1 Stock standard solutions are prepared from high purity metals, oxides or nonhygroscopicreagent grade salts using deionized distilled water and redistilled nitric or hydrochloricacids. (See individual analysis sheets for specific instructio.n.) Sulfuric or phosphoricacids should be avoided as they produce an adverse e:'ect on many elements. The stocksolutions are prepared at concentrations of 1000 mg of the metal per liter. Commercially
available standard solutions may also be used.8.2 Calibration standards are prepared by diluting the stock metal solutions at the time ofanalysis. For best results, calibration standards should be prepared fresh each time ananalysis is to be made and disca;ded after use. 	 Prepare a blank and at least fourcalibration standards in graduated amounts in the appropriate range. The calibrationstandards should be prepared using the same type of acid or combination of acids and atthe same concentration as will resuh in the samples following proc.ssing. As filteredwater samples are preserved with 1:1 redistilled HNO (3 ml per liter), calibrationstandards for these analy:es should be simiiarly prepared with HNOj. Beginning withthe blank and working tow.ard the highest standard, aspirate the solution1,. and record thereadings. Repeat the operation with both the calibration standards and the samples asufficient number of times to secure a reliable average reading for each solution. 
Ui...i..o. standards for furnace procedures should be prepared as described on theindividual sheets for that metal.8.3 	 Where the sample matrix is :;ocomplcx thst viscosity, surface tension and componentscannot be accurately matched with standards, the method of standard addition must beused. This technique relies on the addition of small, known amounts of the anlysisclemen! to portions of the sample--the absorbance difference between thoe and theoriginal solution giving the slope of the calibration curve. The method of standard

addition is described in greater detail in (8.5). 
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8.4 	 For those instruments which do not read out directly in conrentration, a calibration 
curve is prepared to cover the appropriate concentration range. Usually, this means the
preparation of standards which produce an absorption of 0 to 80 percent. The correct
method is to convert the percent absorption readings to absorbance and plot that value
against concentration. The following relationship is used to convert absorption values to 
absorbance:
 

absorbance = log (I 00/%T) = 2-log % T 
wht,e % T = 100-% absorption 

As the curves are frequently nonlinear, especially at high absorption values, the numberofstandards should be increased in that portion of the curve.
8.5 	 Method of Standard Additions: In this method, equal volumes of sample are added to a

deionized distilled water blank and to three 	standards containing different known 
amounts of the test element. The volume of the blank and the standards must be the 
same. The absorbance of each solution is determined and then plotted on the vertical axis
of a graph, with the concentrations of the known standards plotted on the horizontal
axis. When the resulting Line is extrapolated back to zero absorbance, the point of
interception of the absc;ssa is the concentration of the unknown. The abscissa on the left
of the ordinate is scaled the same as on the right side, but in the opposite direction from 
the ordinate. An example of a plot so obtained is shown in Fig. 1. 

Zefo 
Abso bance 

Concentration 
of ACodc.Addn 0 A(dd I Addn 2Sample No Addn Addn of 50% 	 Addn 3Addn of 100% Addn of 150%of Expected of Expected of E pectedAmount Amount Amounf 

FICU E 1. STANDARD ADDITION PLOT 
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Aluminum, beryllium, barium and strontium also do not react with APDC. While the
APDC-MIBK chelating-solvent system can be used satisfactorily, it is possible to 
experience difficulties. (See Note 9.)
NOTE 9: Certain metal chelates, manganese-APDC in particular, are not stable in
MIBK and will redissolve into the aqueous phase on standing. The extraction of other
metals is sensitive to both shaking rate and time. As with cadmium, prolonged extraction
beyond I minute, will reduce the extraction efficiency, whereas 3 minutes of vigorous
shaking is required for chromium. 
Also, when multiple metals are to be determined eithcr larger sample voiumc mut beextracted or individual extractions made for each metal being determined. The acid formof APDC-pyrrolidine dithiocarbamic acid prepared directly in chloroform as describedby Lakanen, [Atomic Absorption Newsletter .5, p 17 (1966)], (see 7.7.1) has been found 
to be most advantageous. In this procedure the more dense chloroform layer allows for easy combination of multiple extractions which are carried out over a broader pH rangefavorable to multielement extractions. Pyrrolidine dithiocarbamic acid in chloroform is 
very stable and may be stored in a brown bot!le in the refrigerator for months. Because
chloroform is used as the solvent, it may not be aspirated intu the flame. The following
procedure is suggested. 
9.2.1 Extraction procedure with pyrrolidine dithiocarbamic acid (PDCA) in 

chloroform. 
9.2.1.1 Transfer 200 ml of sample into a 250 ml separatory funnel, add 2 drops 

bromphenol blue indicator solution (7.7.3) and mix.
9.2.1.2 Prepare a blank and sufficient standards in the same manner and adjust

the volume of each to approximately 200 ml with deionized distilled 
water. All of the metals to be determined may be combined into single 
solutions at the appropriate concentration levels.

9.2.1.3 Adjust the pH by addition of 2N NHOH solution (7.7.2) until a blue 
color persists. Add HCI (7.7.4) dropwise until the blue color just
disappears; then add 2.0 ml HCI (7.7.4) in excess. The pH at this point
should be 2.3. (The pH adjustment may be made with a pH meter 
instead of using indicator.)

9.2.1.4 Add 5 ml of PDCA.chloroform reagent (7.7.1) and shake vigorously 
for 2 minutes. Allow the phases to separate and drain the chloroform 
layer into a 100 ml beaker. (See NOTE 10.)
NOTE 10: If hexavalent chromium is to be extracted, the aqueous
phase must be readjus:ed back to a pH of 2.3 after the addition of
PDCA-chloroform and maintained at that pH throughout the 
extraction. For multielement extraction, the pH may adjusted upward 
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9.2.1.5 	 Add a second portion of 5 ml PDCA-chloroform reagent (7.7. 1) and 
shake vigorously for 2 minutes. Allow the phases to separate and 
combine the chloroform phase with that obtained in step (9.2.1.4).

9.2.1.6 	 Determine the pH of the aqueous phase and adjust to 4.5. 
9.2.1.7 	 Repeat step (9.2.1.4) again combining the solvent extracts. 
9.2.1.8 R adjust the pH to 5.5, and extract a fourth time. Combine all extracts 

and evaporate to dryness on a steam bath. 
9.2.1.9 	 Hold the beaker at a 45 degree angle, and slowly add 2 ml of conc. 

distilled nitric acid, rotating the beaker to effect thorough contact of 
the acid with the residue. 

9.2.1.10 	 Place the beaker on a low temperature hotplate or steam bath and 
evaporate just to dryness. 

9.2.1.11 	 Add 2 ml of nitric acid (1:1) to the beaker and heat for I minute. Cool, 
quantitatively transfer the solution to a 10 ml volumetric flask andbring to volume with distilled water. The sample is now ready for 
analysis.

9.2.2 	Prepare a calibration curve by plotting absorbance versus the concentration of the 
metal standard (ug/l) in the 200 m) extracted standard solution. To calculate
sample concentration read the metal value in ug/l from the calibration curve or 
directly from the readout system of the instrument. If dilution of the sample was 
required use the following equation: 

mg/I metal in sample = Z CC+ 

where: 

Z = ug/l of metal in diluted aliquot from calibration curve 
B = ml ofdeionized distilled water used for dilution 
C = 	 ml ofsample aliquot

9.3 	 Furnace Procedure: Furnace devices (flameless atomization) are a most useful means of 
extending detection limits. Because of differences between various makes and models of
satisfactory instruments, no detailed operating instuctions can k- given for each
instrument. Instead, the analyst should follow the instructions provided by the
manufacturer of his particular instrument and use as a guide the temperature settings
and other instrument conditions listed on the individual analysis sheets which are
recommended for the. Perkin-Elmer HGA-2 100. In addition, the following points may be 
helpful. 
9.3.1 	 With , n!rn;'7tion. background "-rrectionbecomes of high ir.pcrtaic, 
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beam. If no correction is made, sample absorbance will be greater than it should be,and tile analytical result will be erroneously high.9.3.2 	 If during atomization all The analyte is not volatilized and removed from thefurnace, memory effects will occur. This condition is dependent on several factorssuch as the volatility of the element and its chemical form, whether pyrolyticgraphite is used, the rate of atomization and furnace design. If this situation isdete-ted through blank bums, the tube should be cleaned by operating the furnaceat full power for the required time period as needed at regular intervals in the 
analytical schemre. 

9.3.3 Some of the smaller size furnace devices, or newer furnaces equipped with feedbacktemperature control (Instrumentation Laboratories MODEL 555, Perkin-ElmerMODELS HGA 2200 and HGA 76B, and Varian MODEL CRA-90) employingfaster rates of atomization, can be operated using lower atomization temperatures
for shorter time periods than those listed in this manual.9.3.4 	Although prior digestion of the sample in ma.iy cases is not required providing arepresentative aliquot ofsample can be pipeted into the furnace, it will provide for a 
more uniform matrix and possibly lessen matrix effects.9.3.5 	 Inject a measured microliter aliquot of sample into the furnace and atomize. If theconcentration found is greater than the highest standard, the sample should bediluted in the same acid matrix and reanalyzed. The use of multiple injections can
improve accuracy and help detect furnace pip~tting errors.9.3.6 	To verify the absence ofinterference, follow the procedure as given in pan 5.2.1.9.3.7 A check standard should be run approximately after every 10 sample injections.
Standards are 
run in part to monitor the life and performance of the graphite tube.
Lack of reproducibility significant changeor in the signal for the standardindicates that the tube should be replaced. Even though tube life depends onsample matrix and atomization temperature, a conservative estimate would be thata tube will last at least 50 firings. A pyrolytic-coating would extend that estimate 
by a factor of 3.9.3.8 	Calculation-For determination of metal concentration by the furnace: Read themetal value in ug/l from the calibration curie or directly from the readout system
of the instrument. 
9.3.8.1 Ifdifferent size furnace injection volumes are used for samples than for 

standards: 
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9.3.8.2 If dilution of sample was required but sample injection volume same as 
for standard: 

ug/l of metal in sample = Z C_+B 

where: 

Z = ug/l metal in diluted aliquot from calibration curve
 
B = ml ofdeionized distilled water used for dilution
 
C = ml of sample aliquot 

9.3.9 Forsampleconta g pariculates: 

ugl of metal in sample =Z ( ) 

where: 

Z = ug/I of metal in processed sample from calibration curve (See 9.3.8.1) 
V = final volume of processed sample in ml 
C = ml of sample aliquot processed 

9.3.10 For solid samples: Report all concentrations as mg/kg dry weight 
9.3.10.1 Dry sample: 

mg met:.l/kg sample = . V
 
D
 

where:
 

Z = ug/l ofmetal in processed sample from calibration curve (See 9.3.8. 1)
V= final volume ofprocessed sample in ml 
D = weight ofdry sample in grams 

V.3.10.2 Wet sample: 
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10 Quality Control For Drinking Water Analysis 
10.1 Minimum requirements

10.1.1 	 All quality control data should be maintained and available for esy
reference or inspection.

10.1.2 An unknown performance sample (whcn available) must be analyzed once per year for the metals measured. Results must be within the control limit
established by EPA. If problems arise, they should be corrected, and a
follow-up performance sample should be analyzed.

10.2 Minimum Daily control 
10.2.1 	 After a calibration curve composed of a minimum of a reagent blank and

three standards has been prepared, subsequent calibration curves must beverified by use of at least a reagent blank and one standard at or near the
MCL. Daily checks must be within 1 10 percent of original curve.10.2.2 If 20 or more samples per day are analyzed, the working standard curvt: must
be verified by running an additional standard at or near the MCL every 20
samples Checks must be within t 10 percent oforiginal curve.

10.3 Optional Requirements 
10.3.1 	 A current service contract should be in effect on balances and the atomic 

absorption spectrophotomeer.
10.3.2 Class S weights should be available to make periodic checks on balances.10.3.3 	 Chemicals shou!d be dated upon receipt of shipment and replaced as needed 

or before shelf life has been exceeded.10.3.4 A known 	reference sample (when available) should be analyzed once per
quarter for the metals measured. The measured value should be within the 
control limits established by EPA.10.3.5 	 At least one duplicate sample should be run every 10 samples, or with each 
set of samples to verify precision of the method. Checks should be within the 
control limit established by EPA.10.3.6 	 Standard deviation should be andobtained documented for all 
measurements being conducted.

10.3.7 	 Quality Control charts or a tabulation of mean and standard deviation 
should be used to document validity ofdata on a daily basis. 
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@EPA Test Method 

Inductively Coupled Plasma-
Atomic Emission Spectrometric 
Method for Trace Element 
Analysis of Water and 
Wastes-Method 200.7 

1. Scope and Application added as more information becomes 
1.1 This method may be used for available and as required 
the delermination of dissolved. 1.5 Because of the differences 
suspended, or total elements in between various makes and models ofdrinking water, surface water, satisfactory instruments, no detailed 
domestic and industrial wastewalei nstrumental operating instructions 

1.2 Dissolved elements are can be provided. Instead. the analyst
determined in filtered and acidified is referred to the instructions provided
samples Appropriate steps must be by the manufacturer of the particular
taken in all analyses to ensure that instrument. 
ptential interference arvtaken into 2. Summary of M'3thod 
account This is especially true when 
dissolved solids exceed 1500 mg/L 2.1 Thu method describes a 
(See 5) techniqiue for the simultaneous or 

sequential multielement1.3 Total elements are digtermn ed determination of trace elements inafter appropriate digestion procedures solution. The basis of the method isare performed Since digestion the measuremant of atomic emissiontechniques increase th6 dissolved by an optical spectroscopic technique.
solids content of the samples, Samples are nebulized and the
appropriate steps must be taken to aerosol that is poduced is transported
correct for potential interference to the plasma torch where excitation 
effects (See 5.) occurs. Characteristic atomic-line 

emission spectra are produced by aradio-frequency inductively coupled
1.4 Table 1 lists elements for which plasma (ICP) The spectra are
this method applies along with dispersed by a grating spectrometerrecommended wavelengths and and the intensities of ine lines aretypical estimated instrumental monitored by photomultiplier tubes.
detection limits using conventional The photocurrents from thepneumatic nebulization Actual photomultiplier tubes are processed
working detection limits are sample and controlled by a computer system.dependent and as the sample matrix A background correction techn'que ii
varies, these c.-,ncentralions may also required to compensate for variable 
vary In time. other elements may be background contribution to the 
Metas-20 Dec 1982 



NITROGEN, NITRATE 

Method 352.1 (Colorimetric, Brudne) 

STORET NO. Totai 00620 

1. 	 Scope and Application 
1.1 	 This method is applicable to the analysis of drinking, surfact and saline waters, domestic 

and industrial wastes. Modification can be made to remove or correct for turbidity, color,
salinity, or dissolved organic compounds in the sample. 

1.2 	 The applicable range ofconcentrations is0.1 to2 mg NOj-NAiter. 
2. 	 Summary of Method 

2.1 This method is based upon tht teacion of the nitrate ion with brucine sulfate in a 13 N 
H2SO, solution at a temperature of 00"C. The color of the resulting complex is measured 
at 410 nm. Temperature control of the color reaction is extremely critical. 

3. 	 Sample Handling and Preservation 
3.1 	 Analysis should be made as soon as possible. If analysis can be made within 24 hours, the 

sample hould be preserved by refrigeration at 4C. When samples must be stored for 
more than 24 hours, they should be preserved with sulfuric acid (2 ml conc. H2SO, per
liter) and refrigeration. 

4. 	 Interferences 
4.1 Dissolved organic matter will cause an offcolor in 13 N H2SO. and must be compensated

for by additions of all reagents except the brucine-sulfanilic acid reagent. This also 
applies to natural color present not due to dissolved organics.

4.2 	 The efTect ofsalinity is eliminated by addition ofsodium chloride to the blanks, standards 
and samples. 

4.3 All strong oxidizing or reducing agents interfere. The presence of oxidizing agents may 
be determined with a total residual chlorine test kit. 

4.4 	 Residual chlorine interference is eliminated by the addition ofsodium arsenite. 
4.5 	 Ferrous and ferric iron and quadrivalent manganese give slight positive interferences, but 

in concentrations less than I mg/I these are negligible. 
4.6 	 Uneven heating of the samples and standards during the eaction time will result in 

erratic values. The necessity for absolute control of temperature ,uring the critical color 
development period cannot be too strongly emphasized. 

5. 	 Apparatus 
5.1 Spectrophotometer or filter photometer sudtable for measuring absorbance at 4 10 nm. 
5.2 Sufficient number of 40-50 ml glass sample tubes for reagent blanks, standards and 

swmples. 
5.3 	 Neoprene coa :ed wire racks to hold sample tubes. 
5.4 	 Water bath suitable for use at 100'C. This bath should contain a stirring mechanism so 

that all tubes are at the same temperature and should be of sufficient capacity to accept 
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the required number of tubes without significant drop in temperaturc when the tubes are 
immersed. 

5.5 	 Water bath suitable for use at 10-1"C. 
6. 	 Reagents

6.1 	 Distilled water free of nitrite and nitrate is to be used in preparation of all reagents and 
s:andards. 

6.1 	 Sodium chloride solution (30%): Dissolve 300 g NaCl in distilled water and dilute to I 
litel 

6.3 	 Sulfuic acid solution: Carefully add 500 ml conc. HSO, to 125 ml distilled water. Cool
and keep tightly stoppered to prevent absorption ofatmospheric moisture.

6.4 	 Brucine-sulfanilic acid reagent: Dissolve I g brucine sulfate
[(C:iH.NO,)2,H1SO,.7H20J and 0.1 g sulfanilic acid (NH2CGHSOH.HzO) in 70 ml
hot distilled water. Add 3 ml conc. HCI, cool, mix and dilute to 100 ml with distilledwater. Store in a dark bottle at 5"C. This solution is stable for several months; the pink
color that develops slowl-' does not efTcct its usefulness. Mark bottle with warning
CAUTION: Brucine Sulfate istoxic; take care to avoid ingestion.

6 5 	 Potassium nitrate stock solution: 1.0 ml = 0.1 mg NOj-N. Dissolve 0.7218 g anhydrous
potassium nitrate (KNO) in distilled water and dilute to I liter in a volumetric flask.
Preserve with 2 ml chloroform per liter. This solution is stable for at least 6 months.

6.6 	 Potassium nitrate standard solution: 1.0 ml = 0.001 mg NOr-N. Dilute i0.0 ml of the
stock solution (6.5) to I liter in a volumetric flask. This standard solution should be 
prepared fresh weekly.

6.7 	 Acetic acid (I + 3): Dilute I volume glacial acetic acid (CHICOOH) with 3 volumes of 
distilled water. 

6.8 	 Sodium hydroxide (IN): Dissolve 40 g of NaOH in distilled water. Cool and dilute to I 
liter. 

7. 	 Procedure 
7.1 	 Adjust the pH of the samples to approximately 7 with acetic acid (6.7) or sodium 

hydroxide (6.8). If necessary, filter to remove turbidity.
7.2 	 Set up the required number of simple tubes in the rack to handle reagent blank,

standards ,nd samples. Space tubes evenly throughout the rack to allow for even flow of
bath water between the tubes. This should assist in achieving uniform heating of all 
tubes. 

7.3 	 If it isnecessary to correct for color or dissolved organic matter which will cause color on
heating, a set of duplicate samples must be run to which all reageots except the brucine
sulfanilic ac d have been added. 

7.4 	 Pipette 10.0 ml of standards and samples or an aliquot of the samples diluted to 10.0 ml 
into the sample tubes. 

7.5 If the samples are saline, add 2 ml of the 30% sodium chloride solution (6.2) to the 
reagent blank, standards and samples. For fresh water samples, sodium chloride soluti n 
may be omitted. Mix contents of tubes by swirling and place rack in cold water bath 
(0-I1 C). 
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7.6 Pipette 10.0 ml of sulfuric acid solution (6.3) into each tube and mix by swirling. Allowtubes to come to thermal equilibrium in the cold bath. Be sure that temperatures haveequilibrated in all tubes before continuing.7.7 Add 	0.5 ml brucine-sulfanilic acid reagent (6.4) to each tube (except the interfercncecontrol tubes, 7.3) and carefully mix by swirling, then place the rack of tubes in the 100Cwater bath for exactly 25 minutes.
Caution: Immersion of the tube rack into the bath should not decrease the temperature ofthe bath more than I to 2'C. In order to keep this temperature decrease to an absoluteminimum, flow of bath water between the tubes should not be restricted by crowding toomany tubes into the rack. If color development in the standards reveals discrepancies inthe procedure, the operator should repeat the procedure after reviewing the temperature
control steps.

7.8 Remove rack of tubes from the hot water bath and immerse in the cold water bath andallow to reach thermal equilibrium (20-25'C).
7.9 Read aborbance against th- reagent blank at 410 nm using R : cm or longer cell.B. 	 Calculation 
8.1 	 Obtain a standard curve by plotting the absorbance of standards run by the aboveprocedure against mg NO-N/l. (The color reaction does not always follow Beer's law).8.2 Subtract the absorbance of the sample without the brucine-sulfanilic reagent from theabsorbance of the sample containing brucine-sulfanilic acid 	 and determine mgNO-N/l. Multiply by an appropriate dilution factor if less than 10 ml of sample is 

taken. 
9. 	 Precision and Accuracy

9.1 Twenty-seven analysts in fifteen laboratories analyzcd natural water samples containing
exact increments of inorganic nitrate, with the following results: 

Increment as Precision asNitrogen, Nitrate Standard Deviation Bias, Accuracyasmg N/liter mg N/liter % mg N/liter 
0.16 0.092 -6.790.19 	 -0.010.083 +8.301.08 	 +0.020.245 +4.121.24 	 +0.040.214 +2.82 +0.04 

(FWPCA Method Study 2,Nutrient Analyses). 
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NITROGEN, NITRATE-NITRITE 

Method 353.1 (Colorimetric, Automated, Hydrazine Reduction) 

STORET NO. Total 00630 

I. 	 Scope and Application
1.1 	 This method is applicable to drinking and surface water, and domestic and industrial 

wastes. The applicable range of this method is0.01-10 mg/I nitrate-nitrite nitrogen.
Approximately 20 samples per hour can be analyzed.

2. 	 Summary of Method 
2.1 	 Nitrate isreduced to nitrite with hydrazine sulfate and the nitrite (that originally present

plus reduced nitrate) isdetermined by diazotizing with sulfanilamide and coupling with
N-(l.naphthyl)-ethylenediamine dihydrochloride to form a highly colored azo d)e
which is measured colorimetrically.

3. 	 Sample Handling and Preservation 
3.1 	 Analy3is should be made as soon as possible. If analysis can be made within 24 hours,

samples should be pr,'served by refrigeration at 4"C. When samples must be stored for 
more than 24 hours, they should be preserved with 2ml of sulfuric acid (H2SO) per liter 
and refrigerated. 

4. 	 Interferences 
4.1 	 Sample color that absorbs inthe photometric range used for analysis will interfere.
4.2 	 The apparent NO3and NO; concentrations varied t 10 percent with concentrations of 

sulfide ion up to 10 mg/I. 
5. 	 Apparatus 

!.I Sampler 
5.2 	 Manifold AAI or AAII 
5.3 	 Proportioning Pump
5.4 	 Heating bath 32'C AAI or 37"CAAIi 
5.5 	 Continuous filter 
5.6 	 Colorimeter equipped with an 8mm, 15 mm or 50 mm flow cell and 529 nm filters. 

6. 	 Reagents
6.1 Color developing reagent: To approximately 500 ml of distilled water add 200 ml

concentrated phosphoric acid (sp. gr. 1.834). 10 g sulfanilamide (HjNCsH.SOjNH,)
followed by 0.8 g N (I-Naphthyl) ethylenediamine dihydrochloride. Dilute the solution 
to I liter with distilled water and store in adark bottle inthe refrigerator. This solution is
stable for approximately Imonth. 

6.2 	 Copper sulfate stock solution: Dissolve 2.5 g of copper sulfate (CuSO,.5H3O) in 
distilled water and dilute to I liter. 
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NITROGEN, NITRATE-NITRITE 

Method 353.3 (Spectrophotometric, Cadmium Reduction) 

STORET NO. Total 00630 

1. 	 Scope and Application
1.1 	 This method isapplicable to the determination of nitrite singly, or nitrite and nitrate

combined in drinking, surface and saline waters, domestic and industrial wastes. Theapplicable range of this method is0.01 to 1.0 mg/I nitrate-nitrite nitrogen. The range 
may be extended with sample dilution. 

2. 	 Summary of Method 
2.1 A filtered sample ispassed through acolumn containing granulated copper-cadmium to

reduce nitrate to nitrite. The nitrite (that originally present plus reduced nitrate) is
determined by diazotizing with sulfanilamide and coupling with N-(l-naphthyl)
cthyle-nediamine dihydrochloride to form a highly colored azo dye which ismeasured
spectrophotometrically. 5eparAte, rather than combined nitrate-nitrite, values are readily
obtained by carrying out the procedure first with, and then without, the Cu-Cd reduction 
step.

3. 	 Sample Handling and Preservation 
3.1 	 Analysis should be mrde as soon as possible. Ifanalysis can be made within 24 hours, thesample should be preserved by refrigeration at 4*C. When samp!es must be stored for 

more than 24 hours, they should be preserved with sulfuric acid (2ml H2SO, per liter)
and refrigeration.
Caution: Samples for reduction column must not be preserved with mercuric chloride. 

4. 	 Interferences 
4.1 	 Build up of suspended matter in the reduction column will restrict sample flow. Since

nitra-te-nitrogen isfound inasoluble state, the sample may be pre-filtered through aglass
fiber filter or a0.45u membrane filter. Highly turbid samples may be pretreated with zincsulfate before filtration to remove the bulk of particulate matter present inthe sample.

4.2 Low results might be obtained for samples that cont3in high concentrations of iron, 
copper or other metals. EDTA isadded to the samples to eliminate this interference.4.3 Samples that contain large concentrations of oil and grease will coat the surface of the
cadmium. This interference iseliminated by pre-extracting the sample with an organic
solvent. 

4.4 This procedure determines both nitrate and nitrite. Ifonly nitrate isdesired, a separate
determination must be made for nitrite and subsequent corrections made. The nitrite 
may be determined by the lrocedure below without the reduction step. 
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5. 	 Apparatus
5.1 Reduction column: The column in Figure I was constructed from a 100 ml pipet byremoving the top portion. This column may also be constructed from two pieces oftubing joined end to end. A 10mm length of 3 cm I.D. tubing is joined to a 25 cm length

of 3.5 mm I.D. tubing.
5.2 Spectrophotometer for use at 540 nm, providing alight path of I cm or longer.

6. 	 Reagents 
6.1 	 Granulated cadmium: 40.60 mesh (MCB Reagents).6.2 	 Copper-Cadmium: The cadmium granules (new or used) are cleaned with dilu:e HCI andcopperized with 2%solution of copper sulfate in the following manner:6.2.1 Wash the cadmium with dilute HCI (6 10) and rinse with distilled water. The color 

of the cadmium should be silver.6.2.2 Swirl 25 &cadmium in 100 ml portions ofa 2%solution ofcopper sulfate (6.11) lbr5 minutes or until blue color partially fades, decant and repeat with fresh coppersulfate until abrown colloidal precipitate forms.6.2.3 	 Wash the copper-cadmium with distilled water (at least 10 times) to remove all theprecipitated copper. The color of the cadmium so treated should be black.6.3 Preparation of reaLtion column: Insert aglass wool plug into the bottom of the reductioncolumn and fill with distilled water. Add sufficientc, pper-cadmium granules to producea column 18.5 Maintaincm in length. a level of disti!ld water above the coppercadmium granules to eliminate entrapment ofair. Wash the column with 200 ml ofdiluteammonium chloride solution (6.5). The column is then activated by passing through thecoltmn 100 ml of asolution composed of 25 ml ofa 1.0 mg/I NOj-N standard and 75 mlof ammonium chloride - EDTA solution (6.4). Use a flow rate between 7and 10 ml per
minute.

6.4 Ammonium chloride - EDTA solution: Dissolve 13 g ammonium chloride and 1.7 gdisodium ethylenediamine tetracetate in 900 ml of distilled wter. Adjust the pH to 8.5with conc. ammonium hydroxide (6.9) and dilute to I liter.Dilute ammonium chloride.EDTA6.5 	 solution: Dilute 300 ml of ai'mcniurn chloride.EDTA solution (6.4) to 500 ml with distilled water.6.6 	 Color reagent: Dissolve 10 g sulfanilamide and I g N(l-naphthyl)-.ethylene.dijinine
dihydrochloride in a mixture of 100 ml conc. phosphoric acid and 800 ml of distilledwater and dilute to I liter with distilled water.6.7 Zinc sulfate solution: Dissolve 100 gZnSO,.7H 2O in distilled water and dilute to I liter.6.8 Sodium hydroxide solution, 6N: Dissolve 240 g NaOH in 500 ml distilled water, cool and 
dilute to I liter. 

6.9 	 Ammonium hydroxide, conc.
6.10 	 Dilute hydrochloric acid, 6N: Dilute 50 ml of conc. HCI to 100 ml with distilled water.6.11 Copper sulfate solution, 2%: Dissolve 20 g of CuSOs5H20 in 500 ml of distilled water 

and dilute to I liter.6.12 Stock nitrate solution: Dissolve 7.218 g KNO, in distilled water and dilute to 1000 ml.
Preserve with 2 ml of chloroform per liter. This solution is stable for at least 6 months.
 
1.0 ml = 1.00 mg NO,-N. 
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6.13 	 Standard nitrate solution: Dilute 10.0 ml of nitrate stock solution (6.12) to 1000 ml with 
distilled water. 1.0 ml = 0.01 mg NOi-N. 

6.14 	 Stock nitrite solution: Dissolve 6.072 g KNO2 in 500 ml of distilled water and dilute to 
1000 ml. Preserve with 2 ml of chloroform and keep under refrigeration. Stable for 
approximately 3 months. 1.0 mi = 1.00 mg NOI-N. 

6.15 	 Standard nitrite solulion: Dilute 10.0 ml of stock nitrite solution (6.14) to 1000 ml with 
distilled water. 1.0 ml = 0.01 mg N0 2-N. 

6.16 	 Using standard nitrate ,c!ution (6.13) prepare the following standards in 100 ml 
volumetric flasks: 

Conc.. mg-NO-N/1 mi of Standard Solution/100.0 ml 

0.00 0.0 
0.05 0.5 
0.10 1.0 
0.20 2.0 
0.50 5.0 
1.00 10.0 

7. 	 Procedure 
7.1 	 Turbidity removal: One of the following methods may be used to remove suspended 

matter. 
7.1.1 Filter sample through a glass fiber filter or a 0.45u membrane filter. 
7.1.2 	 Add I ml zinc sulfate solution (6.7) to 100 ml of sample and mix thoroughly. Add 

0.4-0.5 ml sodium hydroxide solution (6.8) to ob ain a pH of 10.5 as determined 
with a pH meter. Let the treated sample stand a few minutes to allow the heavy 
flocculent precipitate to settle. Clarify by filtering through a glass fiber filter or a 
0.45u membrane filter. 

7.2 Oil and grease removal: Adjust the pH of 100 ml of filtered sample to 2 by addition of 
conc. HCI. Extract the oil and grease from the aqueous solution with two 2 Wl portions 
ofa non-polar solvent (Freon, chloroform or equivalent). 

7.3 	 If the pH of the sample is below 5 or above 9, adjust to between 5 and 9 with either conc. 
HCI or conc. NHOH. This is done to insure a sample pH of 8.5 after step 7.4. 

7.4 	 To 25.0 ml of sample or an aliquot diluted to 25.0 ml, add 75 ml of ammonium chloride. 
EDTA solution (6.4) and mix. 

7.5 	 Pour sample into column and collect sample at a rate of 7-10 ml per minute. 
7.6 	 Discard the first 25 ml, collect the rest of the sample (approximately 70 ml) in the 

original sample flask. Reduced samples should not be allowed to stand longer than 15 
minutes before addition ofcolor reagent, step 7.7. 

7.7 	 Add 2.0 ml of color reagent (6.6) to 50.0 ml of sample. Allow 10 minutes for color 
development. Within 2 hours measure the absorbance at 540 nm against a reagent blank. 
NOTE: If the concentration of sample exceeds 1.0 mg NO--N/I, the remainder of the 
reduced sample may be used to make an appropriate dilution before proceeding with step 
7.7. 
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7.3 	 Standards: Carry out the reduction of standards exactly as described for the samples. Atleast one nitrite standard should be compared to a reduced nitrate standard at the same 
concentration to verify the efficiency of the reduction column. 

8. 	 Calculation 
8.1 	 Obtain a standard curve by plotting the absorbance of standards run by the above

procedure against NOj-N mg/i. Compute concentration of samples by comparing
sample absorbance with standard curve.

8.2 	 If less than 25 ml of sample isused for the analysis the followin' equation should be used: 

mgNO: + NO, - N/I = ml a 25 
mlsample _usecd 

where: 

A = Concentration of nitrate from standard curve. 
9. 	 Precision and Accuracy

9.1 	 In asingle laboratory (EMSL), using sewage samples at concentrations of0.04. 0.24,0.55
and 1.04 mg NOj + NO:-N/I, the standard deviations were 10.005, _0.004, .0.005 
and ±0.01, respectively.

9.2 	 In 3single laboratory (EMSL), using sewage samples at concentrations of0.24, 0.55, and
1.05 mg NOj + NC.-N/1, the recoveries were 100%, 102% and 100%, respectively. 
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NITROGEN, NITRITE 

Method 354.1 (Spectrophotometric) 

STORET NO. Total 00615 

1. Scope and Application
i.1 This method is applicable to the determination of nitrite in drinking, surface and saline 

waters, domestic and industrial wastes. 
1.2 The method isapplicable in the range from 0.01 to 1.0 mg NO:-N/l.

2. Summary of Method 
2.1 The diazonium compound formed by diazotation of sulfanilamide by nitrite in waterunder acid conditions iscoupled with N-( l-naphthyl)-cthylenediamine dihydrochloride

to produce a reddish.purple color which isread in aspectropholometer at 540 nm.3. Sample Handling and Preservation
3.1 Samples should be analyzed as soon as possible. They may be stored for 24 to 48 hours at 

4"C. 
4. Interferences 

4.1 There are very few known interferences at concentrations less than 1,000 times that ofthe nitrite; however, the presence of strong oxidants or reductants in the samples willreadily affect the nitrite concentrations. High alkalinity (>600 mg/I) will give low 
results due to ashift in pH. 

5. Apparatus
5.1 Spectrophotometer equipped with I cm or larger cells for use at 540 nm.
5.2 Nessler tubes, 50 ml or volumetnc flasks, 50 ml. 

6. Reagents
6.1 Distilled water free of nitrite and nitrate is to be used in preparation of all reagernts and 

standards. 
6.2 Buffer-color reagent: To 250 ml of distilled waler, add 105 ml conc. hydrochloric acid,5.0 gsulfanilamide and 0.5 g N-(- naphthyl) ethylenediamine dihydrochloride. Stir untildissolved. Add 136 g of sodium acetate (CHICOONa-3H.O) and again stir untildissolved. Dilute to 500 ml with distilled water. This solution isstable for several weeks if 

stored in the dark.
6.3 Nitrite stock solution: 1.0 ml = 0.I0 mg NO,-N. Dissolve 0.1495 gof dried anhydroussodium nitrite (24 hours in desiccator) in distilled water and dilute to 1000 ml. Presere 

with 2ml chloroform per liter.
6.4 Ni:rite standard solution: 1.0 ml = 0.001 mg N02-N. Dilute 10.0 ml cif the stock 

solution (6.3) to 1000 ml. 
7. Proceduve 

7.1 If the sample has a pH greater than 10 or atotal alkalinity in excess of 600 mg/l, adiust 
to approximately pH 6with 1:3 HCI. 
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7.2 	 if necessary. filter the sample through a 0.45 u pore size filter using the first portion of 
filtrate to rinse the filter flask. 

7.3 	 Place 5o ml of sample, or an aliquot diluted to 50 nil, in a 50 ml Nessler tube; hold until 
preparation ofstandards is completed.

7.4 	 At the same lime prepare a series orstandards in 50 ml Nessler tubes as follows: 

ml of Standard Solution Cone., When Diluted to1.0 ml - 0.001 mg NO:-N 50 ml, mg/l of NO-N 

0.0 (Blank)
0.5 0.01 
1.0 0.021.5 0.03 
2.0 0.04
3.0 0.06
4.0 0.08 
5.0 
 0.10

10.0 0.20 

7.5 	 Add 2 ml of buffer-color reagent (6.2) to each standard and sample, mix and allow color 
to develop for at least 15 minutes. The color reaction medium should be between pH 1.5 
and 2.0. 

7.6 	 Read the color in the -- ctrophotometer at 540 nm against the blank and plot 
concentration of NO.-N against absorbance. 

8. 	 Calculation 
8.1 	 Read the concentration of N0 2-N directly fiom the curve. 
8.2 	 If less thin 50.0 ml of ample is tak:n,calculate mg/I as follows: 

NO..- N, mi/I a m./1 from sd. curve x 50ml sample used 

9. 	 Precision and Accuracy 
9.1 	 Precision and Accuracy data are not available at this time. 

Bibliography 

1. 	Standard Methods for the Examination for Water and Wastewater, 14th Edition, p 434, 
Method 420, (1975). 
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PHOSPHORUS, ALL FORMS 

Method 365.2 (Colorimetric, Awcorbic Acid, Single Reagent) 

STORET NO. See Section 4 
I. 	Scope and Application

1.1 These methods cover the determination of specified forms of phosphorus in drinking, 

1.2 	
surface and saline %aters, domestic and industrial wastes.The methods are b.cd on resictions that are specific for the orthophosphate ion. Thus,depending on the prescribed pre-treatment of the sample, the various forms ofphosphorus given in Figure I may be determined. These forms are defined in Section 4.1.2.1 Except fcr in-depth and detailed studies, the most commonly measured forms arephosphorus and dissohed phosphorus, and orthophosphate and dissolvedorthophosphate. Hydrolyzable phosphorus is normally found only in sewage-typesamples and insoluble forms of phosphorus are determined by calculation.1.3 	 The methods are usable in the 0.01 to 0.5 mg P/I range.

2. 	 Summary o Me;iod 
2.1 Ammonium molybdate and antimony potassium tartrate react in an acid medium withdilute solutions of phosphorus to form an antimony-phospho-molybdate complex. Thiscomplex is reduced to ar intensely blue-colored complex by ascorbic acid. The color is 
2.2 	

proportional to the phosphorus concentra;ion.
Only orthophosphate forms a blue color in this test. Polyphosphates (and some organicphosphorus compounds) may be converted to the orihophosphate form by sulfuric acidhydrolysis. Organic phosphorus compounds may be convened to the oqbophosphate
form by persulfate digestion"'.

3. Sample Handliig and Preservation
3.1 If benthic deposits are present in the area being sampled, great care uiould be taken not 

to include these deposits.3.2 Sample containers may be of plastic material, such as cubitainers, or of Pyrex glass.3.3 If the analysis cannot be performed the day ofcollection, the sample shouid be !reservedby the addition of 2 ml conc. H2SO, per liter and refrigeration at 4'C.4. 	 Definitions and Storet Numbers
4.1 	 Tot Phosphorus (P) -. all of the phosphorus present in the sample, regardless of form,as measured by the persijlfate digestion procedure. (00665)4.1.1 	 Total Orthophosphate (P, ortho)  inorganic phosphorus [(POj' in the sample

as measured by the direct colorimetric analysis procedure. (70507)4.1.2 	Total Hydrolyzable Phosphorus (P,hydro) - phosphorus in the sample asmeasured by the sulfuric acid hydrolysis procedure, and minus pre-determinedorthophosphates. This 	 hydrolyz,.',e phosphorus includes polyphosphorus.
(P7O,)", (P3O 10) ', etc.] plus some organic phosphorus. (00669) 
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4.1.3 	Total Organic Phosphorus (P, org) - phosphorus (inorganic plus oxidizable 
organic) in the sample measured by the perulfate digestion procedure, and minus 
hydrolyzable phosphorus and orthophosphate. (00670) 

4.2 	 Dissolved Phosphorus (P-D) - all of the phosphorus piesent in the filtrate of a sample 
riered through a phosphorus-free filter of 0.45 micron pore size and measured by the 
persulfate digestion procedure (00666) 
4.2.1 	 Dissolved Orthophosphate (P-D, ortho) -- as measured by tbe direct colorimetric 

analysis procedure. (00671) 
4.2.2 	Dissolved Hydrolyzable Phosphorus (P-D, hydro) - as measured by the sulfuric 

acid hydrolysis procedure and minus pre-deleram:ned dissolved orthophosphates. 
(00672) 

4.2.3 	Dissolved Organic Phosphorus (P-D. org) aa- measured by the persulfate 
digestion procedure, and minus dissolved hydrolyzable phosphorus and 
orthophosphate. (00673) 

4.3 	 The following forms, when sufficient amounts or phosphorus are prescni in w.: Ample to 
warrant such consideration, may be calculated: 
4.3.1 	 Insoluble Phosphorus (P-l) = (P)-(P-D). (00667; 

4.3.1.1 	 Insoluble orthophosphate (P-1, .,tho),=(P, ortho)-(P-D, orho). 
(00674) 

4.3.1.2 	 Insoluble Hydrolyzable Phosphorus (P-I, hydro)=(P, hydro)-(P-D, 
hydro). (00675) 

4.3.1.3 	 Insoluble Organic Phosphorus (P-I, org)-(P, org) - (P-D, org). 
(00676) 

4.4 	 All phosphorus forms shall be reported as P, mg/l, to the third place. 
5. 	 Interferences 

5.1 	 No interference is c used by copper, iron, or silicate at concentrations ,nany limes 
greatcr than their reported concentrator, in sea water. However, high iron 
concentrations can cause precipitazon of and ubsequent k ofphosphorus. 

5.2 	 The salt error for samples ranging from 5 to 20% salt content was Trund to be less than 
I%.
 

5.3 Arsenate is determined similarly to phosphorus and should be considered when present 
in concentrations higher than phosphorus. However, at concentrations found in sea 
water, it does not interfere. 

6. 	 Apparatus 
6.1 	 Photometer - A spectrophotoraeter or filter photometer suitable for measurements at 

650 or 880 nm with a light path of I cm or longer. 
6.2 	 Acid-washed glassware: All glassware used should be washed with hot 1:1 HC and 

rinsed with distilled water. The acid-washed glassware should be filled with distilled 
water aw d treated with all the reagents to remove the last traces of phosphorus that might 
be adso-bed on the glasart. Prdeerably, this glassware should be used only for the 
determination of phosphorus and after use it should be rinsed with distilled water and 
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kept covered until needed again. If th;s is done, the trectment with 1:1 HCI and reagents
is only required occasionally. Commercial detergents should never be used. 

7. 	 Reagents 
7.1 	 Sulfuric acid solution, 5N: Dilute 70 ml ofconc. H2SO, with distilled water to 500 ml. 
7.2 	 Antimony potassium tartra~e solution: Weigh 1.3715 g K(SbO)C,H,O,ol/2HO,

dissolve in 400 ml distilled water in 500 ml volumetric flask, dilute to volume. Store at 
4"C inadark, glas.-stoppered bottle. 

7.3 	 Ammonium molybdate solution: Dissolve 20 g(NH.).Mo,O,4 4H)O in 500 ml ofdistilled 
water. Store in aplastic bottle at 4"C. 

7.4 	 Ascorbic acid, 0.LM: Dissolve 1.76 gof ascorbic acid in 100 ml of distilled water. The 
solution icstable for about aweek if stored at 4C. 

7.5 	 Combined reagent: Mix the above reagents in the following proportions ior 100 ml of the
mixed reagent: 50 ml of 5N HSO.. (7.1), 5 ml of antimony potassium tartrate solution 
(7.2). 15 ml of ammonium molybdate solution (7.3). and 30 ml of ascorbic acid solution 
(7.4). Mix after addition of each reagent. All reagents must reach room temperature
before they are mixed and must be mixed in the ordcr given. If turbidity forms in the
combined reagent, shake and let stand for a few minutes until the turbidity disappears
before proceeding. Since the stability or this solution is limited, it must 	 be freshly
prepared for each run. 

7.6 	 Sulfunc acid solution, I I N: Slowly add 310 ml conc. -2SO, to 600 ml distilled water. 
When cool, dilute to I liter. 

7.7 	 Ammonium persulfate.
7.8 	 Stock phcsphorus solution: Dissolve in distilled water 0.2197 g orpot-.sium dihydrogen

phosphate. KH.PO,,which has been dried in an oven at 105'C. Dilute the solution to 
1000 ml; 1.0 ml = 0.05 mg P. 

7.9 	 Standard phosphorus solution: Dilute 10.0 ml of stock phosphorus solution (7.8) to 1000 
ml with distilled watei; 1.0 ml = 0.5 ug P. 
7.9.1 Using standard solution, prepare the following standards in 50.0.ml volumetric 

flasks: 

ml of 5tandurd 
Phosphorus Solution (7.9) 

0 
1.0 
3.0 
5.0 

10.0 
20.0 
30.0 
40.0 
50.0 

Conc., mg/l 

0.00 
0.01 
0.03 
0.05 
0.10 
0.20 
0.30 
0.40 
050 

7.10 	 Sodium hydroxide, I N: D.ssolve 40 3 NaOH in600 ml distilled water. Cool and dilute 
to I liter. 
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8. 	 Procedure 
8.1 	 Phosphorus 

8.1.1 Add 	I ml of A2SO, solution (7.6) to a 50 ml sample in a 125 ml Erlenmeyer flask. 
8.1.2 	Add 0.4 g )fammonium persulfate. 
8.1.3 	Boil gently on a pre-heated hot plate for approximately 30-40 minutes or until a 

final volume of about 10 ml is reached. Do not allow sample to go to dryness. 
Alternatively, heat for 30 minutes in an autoclave at 121'C (15-20 psi).

8.!.4 	Cool and dilute the sample to about 30 ml and adjust the pH of the sample to 7.0 
:G.2 with I N NaOH (7.10) using a pH meter. If sample is not clear at this point, 
add 2-3 drops or acid (7.6) and filler. Dilute to 50 ml. 
Alternatively, ifautoclaved set NOTE 1. 

8.1.5 	 Determine phosphorus as outlined in 8.3.2 Orthophosphate. 
8.2 	 Hydrolyzable Phosphorus 

8.2.1 Add 	I ml of HjSO, solution (7.6) to a 50 ml sample in a 125 ml Erlenmeyer flask. 
8.2.2 	Boil gently on a pre-heated hot plate for 30-40 minutes or until a final volume of 

about 	10 ml is reached Do not allow sample to go to dryness. Alternatively, heat 
for 30 minutes in An autoclave at 12 I'C(15-20 psi).

8.2.3 	Coot and dilute the sample to about 30 ni and adjust the pH of the sarple to 7.0 
:0.2 with NaOH (7.10) using a pH rreter. If sample is not clear at this point, add 
2-3 drops ofacid (7.6) and filter. Dilute to 50 ml. 
Alternatively. ifwuitoclaved see NOTE 1. 

8.2.4 	The sample is now ready for determination of phosphorus as outlined in 8.3.2 
Orihophosphate. 

8.3 	 OrCthophosphate 
8.3.1 	The pH of the sample must be adjusted to 7±0.2 using a pH meter. 
8.3.2 	Add 8 0 ml of combined reagent (7.5) to sample and n)ix thoroughly. After a 

minimum of ten minutes, but no longer than thirty minutes, m'casure the color 
absorbance of each sample at 650 or 880 rum with a spectrophotometer. using the 
reagent blank as the reference .lution. 
NOTE 1: If the same. volume of sodium hydroxide solution is not used to adjust the 
pH of the standards and saunples, a volume correction has to be employed. 

9. 	 Calculation 
9.1 	 Prcpare a -,andam curve by plotting the abtorbance values of standards versus the 

correponding phosphorus concentrations. 
9. 1.1 	 Process standards and blank exactly as the sanples. Run at least a blank and two 

standAds with each series of samples. If the standards do not agree within ±2% of 
the true valut prepare anew calibration curve. 

9.2 	 Obtain concentratiin value of *ample directly from prepared standard curve. Report 
results as P, mg/I. SEE NOTE 1. 

365.2-5
 



10. Precision and Accuracy10.1 Thirly.thrcc analysts in nineteen laboratories analyzed natural water samples containingexact increments oforganic phosphate, with the following results: 

Increment as Precision asTotal Phosphorus Standard Deviationmg P/liter Bia, Accurcy asmg P/liter % mg P/liter
0.110 0.033 +3.090.132 +0.0030.051 +11.990.772 +0.0160.130
0882 +2.96 +0.0230.128 -0.92 -0.008 

(FWPCA Method Study 2, Nutrient Analyses) 

10.2 Twenty-six analysts in sixteen laboratories analyzed natural water samples containingexact incremerts oforthophosphate, with the following results: 

Increment as Precision asOrthophcsphate AccuracyasStandard Deviation mg P/liter Bias,mg P/liter % 
Bias, 

n P/liter
0.029 0.010
0.03S -4.95 -0.0010.008 -6.000.335 -0.0020.018 -2.750.383 -0.0090.023 -1.76 -0.007 

(FWCA Method Study 2, Nutrient Analyses) 

BibUogVrphy 
1. Murphy, J., and Riley, J., "A modified Single Solutior for the Determination of Phosphate inNatural Waters", Anal. Chim. Act., 27, 31 (1962).2. 
 Gales, M., Jr., Julian, E., and Kroner, R., "Method for Quantitative Determination of Total
Phosphorus in Water", Jour. AWWA, 58, No. 10, 1363 (1966).3. Annual Book of ASTM Standards, Part 31, "Water", Standard D515-72, Method A, p 389

(1976).4. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 476 and 48 1,
(1975). 

365.2-6 

,t!e 



PHOSPHORUS, ALL FORMS 

Method 365.3 (Colorimetric, Ascorbic Acid, Two Reagent) 

STORET NO. See Section 4 

I. Scope and Application
1.1 These methods cover the determination of specified forms of phnsphorus in drinking, 

1.2 
surface and saline waters, domestic and industrial wastes.The methuds are based on reactions that are specific for the orthophosphate ion. Thus,depending on the prescribed pretreatment of the sample, the various forms may be
determined. 
1.2.1 Except for in-depth and detailed studies, the most commonly measured forms arephosphorus and dissolved phosphorus, and orthophosphate and dissolvedorthophosphate. Hydrolyzable phosphorus is normally round only in sewage-typesamples and insoluble forms of phosphorus are determinedl by calculation.1.3 The methods are uszblc in the 0.01 to 1.2 mg P/I range.

2. Summary of Method
2.1 Ammonium molybdate and antimony potassium tartrate react in ad acid medium withdilute solutions of phosphorus to form an antimony-phospho.molybdate complex. Thiscomplex is reduced to an intensely blue-colored complex by ascorbic acid. The color isproportional to the phosphorus concentration.
2.2 Only orthophosphate forms a blue color in this test. Folyphophates (and some organicphosphorus compounds) may be converted to the orthophosphate form by sulfuric-acid.hydrolysis. Organic phosphorus compounds may be convered to the orihophosphate

form by pei sulfate digestion,
3. Sample Handling and Preservation 

3.1 If benthic deposits are present in the area being sampled, great care should be taken not 
to include these deposits.

3.2 Sample containers may be of plastic material, such as cuhitsiners, or of Pyrex glass.3.3 If the analysis cannot be performed the day of collection, the sample should be preservedby the addition of 2nil conc. HISO per liter and refrigeration at 4C.4. Definitions and Storet Numbers
4.1 Total Phospho: us (P) all of the phosphorus present in the sample, regardless of form,

as measur,-i by the persulfate digestion procedure. (00665)4.1.1 Total Orthopliosphate (P,urtho)  inorganic phosphorus [(PO.)'] in the sample
as mcacured by the dire%tcolorimetric analy'is procedure. (70507)4.1.2 Total Hydrolyzable Piosphorus (P. hydro) - phosphorus in the sample asmeasured by the sulfur,c acid hydrolysis procxdure, and minus pre-determinedorthophosphates. This hydrolyzable phosphorus includes polyphosphorus.
[(P20,)", (PjO10)", etc.] plus some organic phosphorus. (00669) 
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4.1.3 	Total Organic Phosphorus (P,org) - phosphorus (inorganic plus oxidizable
organic) in the sample measured by the persulfate digestion procedure, and minus
hydrolyzable phosphorus and orthophosphate. (00670).4.2 Dissolved Phosphorus (P-,D) - all of the phosphorus present in the filtrate of a samplefiltered through a phosphorus-fr filter of 0.45 micron pore size and measured by the

persulfate digestion procedure. (00666)
4.2.1 	 Dissolved Orthophosphate (P-D, ortho)  as measured by the direct colorimetric 

analysis procedure. (00671)
4.2.2 	Dissolved Hydrolyzable Phosphorus (P-D, hydro)  as measured by the sulfuticacid hydrolysis procedure and minus pre-determined dissolved orthophosphates. 

(00672)
4.2.3 	 Dissolved Organic Phosphorus (P-D, org) - as measured by the persulfate

digestion procedure, and minus dissolved hydrolyzable phosphorus and
orthophosphate. (00673)

4.3 The following forms, when sufficient amounts of phosphorus are present in the sampl: to
warrant such consideration, may be calculated: 
4.3.1 	 Insoluble Phosphorus (P-I) = (P)-(P-D). (00667)

4.3.1.1 Insoluble orthophosphate (P-i, o-lho)=(P, ortho) - (P-D, orho). 
(00674)

4.3.1.2 Insoluble Hydrolyzable Phosphorus (P-I. hydro)=(P, hydro) - (P-D, 
hydro). (00675)

4.3.1.3 Insoluble Organic Phosphorus (P-I, org)=(P, org) - (P-D, org). 
(00676)

4.4 	 Allphosphorus forms shall be reported as P. mg/I, to the third place.
5. 	 Interferences 

5.1 Arsenate is determined similarily to phosphorus and should be considered when present.This interference may be eliminated by reducing the arsenic acid to arsenious acid with 
sodium bisulfite (7.4).

5.2 	 When high concentrations of iron are present low recovery of phosphorus will beobtained because it will use some of the reducing sgent. The bisulfite treatment will also 
eliminate this interference. 

6. 	 Apparatus
6.! Photometer-A spectrophotometer or filter photometer suitable for measuremens at 660 

6.2 	
or 880 nm with a light path ofl cm or longer.
Acid-washed glassware: All glassware used should be washed with hot 1:1 HCi andrinsed with distilled water. The acid-washed glassware should be filled with distilledwater and treated with all the reagents to remove the last traces of phosphorus that mightbe absorbed on the glassware. Preferably, this glassware should be used only for thedetermination ef phosphorus and after use it should be rinsed with distilled water andkept covered until needed again. If this is done, the treatment with 1:1 HCI and reagents

is only required occasionally. Commercial detergents should never be used. 
6.3 	 Water .nah. 95"C. 
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7. 	 Reagents
7.1 	 Ammonium molybdate-antimony potassium tartrate solution: Dissolve 8 g of

ammonium molybdate and 0.2 g antimony potassium tartrate ir 800 ml of distilled water 
and dilute to I liter. 

7.2 	 Ascorbic acid solution: Dissolve 60 gof escorbic ar.,u in 800 ml of distilled water and
dilute to I liter. Add 2ml of acetone. This solution isstatlie for two weeks.

7.3 	 Sulfuric acid, I I N: Slowly add 310 ml of conc. " 2SO, 'o approximately 600 ml distilled 
water. Cool and dilute to 1000 ml. 

7.4 	 Sodium bisulfite (NaHSOj) solution: Dissolve 5.2 g of NaHSO3 in I00 ml of 1.0 N 
H2SO,. 

7.5 	 Ammonium persulfte.
7.6 	 Stock phosphorus solution: Dissolve 0.4393 g of predried (105'C for one hour) KHIPO4

in distilled water and dilute to 1000 mi. 1.0 rl = 0.1 mg P.
7.7 	 Standard phosphorus solution: Dilute 100 ml of stock phosphorus solution to 1000 mlwi" . distilled water. 1.0 ml = 0.01 	 mg P. Prepace an appropriate series of standards bydiluting suitable volumes of standard or stock solutions to 100 ml with distilled water. 

8. 	 Procedure 
8.1 	 Total Phosphorus

-8.1.1 Transfer 50 ml of sample or an aliquot diluted to 50 ml into a 125 ml Erlenmeyer 
flask and add I ml of I I N sulfuric acid (7.3).

8.1.2 	Add 0.4 g ammonium persulfate (7.5), mix &nd boil gently for approximately
30-40 minutes or until afinal volume of about 10 ml isreached. Alternatively heat
for 30 minu:es in an autoclave at 121"C (15-20 psi). Cool, dilute to approximateiy 
40 ml and filter. 

8.1.3 	For samples containing arsenic or high levels of iron, add 5 ml of sodium bisulfite 
(7.4), mix and place in a 95'C water 	bath for 30 minutes (20 minutes arcr thetemperature of the ,ample reaches 9"C). Cool and dilute to 50 ml.

8.1.4 	Determine phosphorus as outlined in (8.3) orthophosphate. 
8.2 	 Hydrolyzable Phosphorus

8.2.1 Add I ml ofHIS0 4 solution (8.3) to a50 ml sample in a 125 ml Erlenmeyer flask.
8.2.2 	Boil gently on a pre-heated hot plate for 30-40 minutes or until afinal volume of

?bout 10 ml is reached. Do not allow sample to go to dryness. Al ernatively, heat
for 30 minutes in an attoclave at 121"(C (15-20 psi). Cool, dilute to approximately 
40 ml and filter. 

8.2.3 Treat the samples as in 8.1.3. 
8.2.4 	Determine phosphorus as outlined in (8.3) orthophosphate. 

8.3 	 Orthophosphate
8.3.1 To 50 ml of sample and/or standards, add I ml of I I N sulfuric acid (7.3) and 4 ml
 

ofammonium mo!ybdate-antimony po :assium t.irtrate (7.1)and mix.

NOTE: If sample has been digested for total or hydrolyzable phosphorus do not
 
add acid.
 

8.3.2 	Add 2ml ofascorbic acid solution(7.2) and mix. 
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8.3.3 Afler 5minutes, measure the absorbince at 650 nm with a spt rophotometer anddetermine the phosphorus concerration from the standard ",rve. The color isstable for at least one hour. Fur concentrations in the range of(. IIto 0.3 mg P/I, a5 cm cell should be used. A one cm cell should be used for c(. Icentrations in the 
range of 0.3 to 1.2 mg P/I.

9. Calculation 
9.1 Prepare a standard curve by plotting :he absorbance values of standards versus thecorresponding phosphorus concentrations on linear graph paper.9.2 Obtain concentration value of sample directly from prepared standard curve. Report

results as P,mg/I.
10. Precision and Accuracy 

10.1 Precision data isnot available at this time.
10.2 In a single laboratory (EMSL) using industrial waste and sewage samples atconcentrations of 7.6 and 0.55 mg P/I, recoveries were 99 and 100%, respectively. 
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PHOSPHORUS, TOTAL 

Method 365.4 (Colorimetric, Automated, Block Digestor AA 11) 

STOREr NO. 00665 

1. 	 Scope and ApplicationI.A 	 This method covers the determination of total phosphorus in drinking water, surface 
water and domestic and industrial wastes. The applicable range of this method is 0.01 to 
20 mg P/I. 

2. 	 Summary of Method 
2.1 The sample is heated in the presence of sulfuric acid, KISO4 and HgSO, for two and onehalf hours. The residue is cooled, diluted to 25 ml and placed on the AutoAnalyzer for 

phosphorus determination. 
3. Samp'. Handling and Prcservation 

3.1 Sample containers may be of plastic material, such as a cubitainer, or of Pyrex glass.3.2 ifthe analysis cannot be performed the ddy of collection, the sample should be preserved
by the addition of 2 ml ofconc. H2SO, per liter and refrigeration at 4'C. 

4. 	 Apparatus 
4.1 	 Block Digestor BD-40 
4.2 	 Technicon Method No. 327-74W for Phosphorus 

5. 	 Re'gents
5.1 Mercuric sulfate: Dissolve 8 g red mercuric oxide (HgO) in 50 ml of 1:4 sulfuric acid

(!Q 
5.2 

x.onc. H2SO,: 40 ml distilled water) and dilute to 100 ml with distilled water.Digestion solution: (Sulfuric acid-mcrcuric sulfate-potmasium sulfate solution): Dissolve133 g of KzS0, in 600 ml of distilled water asnd 200 ml oi conc. HISO,. Add 25 ml of 
mercuric sr'Ifate solution (5. 1) and dilute to I liter.5.3 	 Sulf'uric acid solution (0.72 N): Add 20 ml of conc. sulfuric acid to08of distilled water,
mix and dilute to I liter.

5.4 	 Molybdate/antimony solution: Dissolve 8 g of ainmo.,ium molybdate and 0.2 S ofantimony potassium tarirate in about 800 ml of distilled water and dilute to I liter.5.5 Ascorbic acid solution: Dissolve 60 g of ascorbic acid in about 600 ml of distilled water. 
Add 2 ml ofacetone ad dilute to I liter.5.6 Diluent water: Dissolve 40 g of NaCi in about 600 ml of distilled water and dilute to I 
liter. 

5.7 Sulfuric acid solution, 4%: Add 40 ml of conc. sulfuric acid to 800 md of anmonia-free 
distilled water, cool and dilute to i liter. 

6. 	 Procedure 
Digestion 
6.1 To 20 or 25 ml ofsample, add 5 ml ofdigestion solution and mix. (Use a vortex mixer).6.2 Add 4-8 Teflon boiling chips. Too many boiling chips will cause the sample to boil over. 

Pending approval for NPDES and Section 304(h), CWA 
Issued 1974 
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SILICA, DISSOLVED 

Method 370.1 (Colorlmetric) 

STORET NO. Dissolved 00955 

1. 	 Scope and Application 
1.1 	 This method is applicable to drinking, surface and saline waters, domestic and industrial 

wastes. 
1.2 	 The working range or the method isapproximately 2 to 25 mg silica/I. The upper range
 

can be extended by taking suitable aliquots; the lower range can be extended by the
 
addition oramino-naphthol-sulfonic acid solution. as described in (6.8).
 

2. 	 Summary of Method 
2.1 	 A well-mixed sample is filtered through a 0.45 u membrane fDter. The filtrate, upon the 

addition of molybdate ion in acidic solutio-, forms a greenish-yellow color complex 
proportional to the dissolved silica in the sample. The color complex is then measured 
spcctrophotometrically. 

2.2 	 In the low concentration modification the yellow (4i0 nm) molybdosilicic acid color is
 
reduced by l-amino-2-naphthol4-sulonic acid to a more intense heteropoly blue (815
 
nm or 650 nm).
 

3. 	 Interferences 
3.1 	 Excessive color and/or turbidity interfere. Correct by running blanks prepared without
 

addition of the ammonium molybdate solution. See (6.7).
 
3.2 	 Tannin interference may be eliminated and phosphate interferences may be decreased
 

with oxalic acid.
 
3.3 	 Large amounts or iron and sulfide interfere. 
3.4 	 Contact with glass should be minimized, silica free reagents should be used as much as
 

possible. A blank should be run.
 
4. 	 Apparatus 

4.1 	 Platinum dishes, 100ml. 
4.2 	 Colorimetric equipment-one ofthe following: 

4.2.1 	 Spnctrophotom. for use at 410 rum, 650 nm and/or 815 nm with a I cm or longer 
cell. 

4.2.2 	Filter photometer with a violet filter having maximum transmittance as near 4:0 
rum as possible and a I cm or longer cell. 

4.2.3 	Nessler tubes, matched, 50 ml, tal! form. 
5. 	 Reagents 

5.1 	 Use cl-emicals low in silica and store in plastic containers. 
5.2 	 Sodiui i bicarbonate, NaHCOj, powder. 
5.3 	 Sulfur c acid. HjSO,, I N. 

Approved for NPDES 
Issued 1971 
Editorial revision 1978 
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5.4 	 Hydrochloric acid, HI,I + I. 
5.5 	 Ammonium molybdate reagent: Place 10 X (NH,),Mo.,Oj,-4H3O in distilled w2ter in a 

100 ml volumetric. Dissolve by stirring and gently warming. Dilute to the mark. Filter if 
necessary. Adjust to pH 7 to 8 with silica free NHOH or NaOH. Store in plastic bottle. 

5.b 	 Oxalic acid solution: Dissolve 10 S H 3CO,,2HjO in distilled water in a 100 ml 
volumetric flask, dilute to the mark. Store in plastic.

5.7 Stock silica solution: Dissolve 4.73 £ sodium metasilicate nonahydrate, NarSiO ,9H 2O, 
in recently boiled and cooled distilled water. Dilute to approximately 900 ml. Analyze
100.0 ml portions by gravimetry (ref. I, p. 484). Adjust concentration to 1.000 mg/I 
SiO. Store in tightly stoppered plastic bottle. 

5.8 	 Standard silica solution: Dilute 10.0 ml stock solution to I liter with recently boiled and 
cooled distilled water. This is 10 mg/I SiO (1.00 ml = 10.0 ug Si0j).Store in a tightly 
stoppered plastic bottle. 

5.9 	 Permanz.,t celor solutions 
5.9.1 	 Potassium chromate solution: Dissolve 630 mg K2 CrO, in distilled water in a I 

liter volumetric flask and dilute to the mark. 
5.9.2 Borax 	solution: Dissolve 10 g sodium borate decahydrate, (NajB,0 7 10HIO) in 

distilled water in a I liter volumetric flask and dilute to the mark.
5.10 Reducing agent: Dissolve 500 mg of l-..ino-2-naphthol-4-sulfonic &'id and I g N~aSO1 

in 50 ml distilled water with gentle warming if necessary. Dissolve 3C g NaHSO, in 150 
ml distilled water. Mix these two solutions. Filter into a plastic bottle. Refrigerate and 
avoid exposure to light. Discard when it darkens. If there is incomplete solubility or 
immediate darkening of the aminonaphthosulfoni ,tcidsolution do not use. 

6. 	 Procedure 
6.1 	 Filter sample through a 0.45 u membrane filter. 
6.2 	 Digestion: If molybdate unreactive silica is present and its inclusion in the analysis is 

desired. include this step.ot.rwise prceed to 6.3. 
6.2.1 	 Place ml, or asmaller portion diluted to 50 ml, of filtered (6.1) sample in a 100 

ml platinum dish. 
6.2.2 	 Add 200 mg silica-free NaHCOI (5.2) tnd digest on a steen bath for I hour. Cool. 
6.2.3 	Add slowly and with stirring 2.4 ml HSO,(.5.3). 
6.2.4 	 Immediately transfer to a 50 ml Nessler tube. dilute to the mark with distilled 

wurer and proceed to 6.3 without delay. 
6.3 	 Color d,.velopment 

6.3.1 	 Place 50 ml sample in a Nesser tube. 
6.3.2 	 Add rapidly 1.0 ml of I+ IHC1 (5.4) and 2.0 ml amnonium molybdate reagent

(5.5). 
6.3.3 	 Mix by inverting at kast .Stimes. 
6.3.4 	Let stand 5to 10 minutes. 
6.3.5 	Add 1.5 ml oxalic Pcid solution (5.6) and mix thoroughly. 
6.3.6 	Read color (spectropbotometrically or visually) after 2 minutes but before 15 

minutes from the addition ofoxaic acid. 
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6.4 

6.5 

6.6 

Preparation ofStandards 
6.4.1 	 If digestion (6.2) was used add 200 mg NaHCO (5.2) and 2.4 ml H2SO, (5.3) to 

standards to compensate fcr silica introduced by these reageamts and for effect of the 
salt on thc color itnen-Jgy.
 

Photometric measurement
 
6.5.1 	 Prepare a calibration curve using approximately six standards to span the range 

shown below with the selecteJ light path. 

Selection of Light Path Length for Various
 
Silica Concentrations
 

Light 	 Path Silica in 54.5 mi 
cm final 	volume (ug) 

1 
 200-1300
 
2 
 100-700
 
5 
 40-250
 
10 
 20-130
 

6.5.2 	Carry out the steps in 6.3 using distilled water as the reference. Read ablank. 
6.5.3 	 Plot photometric reading versus ug of silica in the final solution of 54.5 inl. Run a 

reagent blank and at least one standard with each group of samples.

Visual Comparison
 
6.6.1 	 Prepare a set of permanent artificial color standards according to the table. Use 

well stoppered. properly labelled 50 ml Nessler tubes. 

PotMssumn
Silica chromate 	 Borax .. Distilled
val.e tOlution 	 lution water
mE (5.9.1) ml 	 (5.9.2) ml ml 

0.00 	 00 25 	 30
0.10 	 1.0 25 	 29
0.20 2.0 	 25 
 28

0.40 4.0 	 25 16

0.50 	 5.0 23 	 23
0.75 7.5 	 25 
 22
1.00 	 10.0 25 	 20
 

6.6.2 	Venry permanent standards by comparison to color developed by standurd silica 
solutions. 

6.6.3 	These permantrnt artificial .c!,lr standards are only for color comparison 
procedure, not for photometric procedure. 

Correction for color or turbidity
6.7.1 	 A special bank isrun using aportion orthe sample and carrying out the procedure

in 6.1, 6.2 if used, and 6.3 except for the addition of ammonium molybdatc .'63.2). 
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6.7.2 Zero the photometer with thLs blank before reading the samples. 
6.8 Procedure for low concentration ( 1000 ug/]) 

6.8.1 Perform stcps 6.1 and 6.2 if n(eded. 
6.8.2 Place 50 ml sample in a Nesslh.r tube. 
6.8.3 In rapid succession add 1.0 ml of I + I HCI (5.4). 
6.8.4 Add 2.0 ml ammonium molybdate reagent (5.5). 
6.8.5 Mix by invcrting at least six times. 
6.8.6 Let stand 5 to 10 minutes. 
6.8.7 Add 1.5 ml oxalic acid solution (5.6). 
6.8.8 Mix thoroughly. 
6.8.9 At least 2, but not more than 15 minutes after oxalic acid addition, add 2.0 ml 

reducing agent (5.10). 
6.8.10 Mix thoroughly. 
6.8.11 Wait 5 minutes, read photometrically or visually. 
6.8.12 ifdiges'ion (6.2) was used see (6.4). 
6.8.13 Photometric measurement 

6.8.13.1 	 Prepare a calibration curve using approximately 6 standards and a 
reagent blank to span the range shown below with the selected light 
path. 

Sekcuon or Light Path Lwgtb for 
Various Silica Concentrations 

Light Path 
cn 

Silica 
650 nm 

ih 56.5 ml Final volume, ug 
815 rm 

1 
2 

40-300 
20-150 

20-100 
10-VO 

3 7-50 4-20 
I0 4-30 2-10 

6.8.13.2 Read versus distilled wa:er. 
6.8.13.3 	 Plot photometric reading at 650 om or at 815 nm versu ug of silica in 

56.5 ml. 
6.8.13.4 	 For turbidity correction uxe 6.1, 6.2 if sed and 6.8.2-6.8.11 omitting 

6.8.4 and 6.&9. 
6.8.13.5 	 Run a reagent blank and at least one standard (to check calibraL:on 

curve drift) with each group ofsamples. 
6.8.14 	 Visual comparison 

6.8.14.1 	 Prepare not less than 12 standards covering the range ofO to 120 us 
SiO, by placing the calculated volumes of standard siica (5.8) in 50 ml 
Nessler tubes, diluting to the mark and develop the color as in
6.8.2-6.8.11!. 
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7. Calcu!ations 
7.I 
 Read ug SiO- from calibration curve or by visual comparison 
7.2 mg/I SiO: = ug'SiO 

ml %ample 

7.3 Report whether NaHCO digestion (6.2) was used 
8. Precision and Accuracy

8.1 A synthetic unknown sample cortaining 5.0 mg/I SiO3, 10 mg/I chloride, 0.200 mg/Iammonia N, 1.0 mg/I nitrate N, 1.5 mg/I organic N, and 10.0 mg/I phosphate indistilled water was analyzed .n19 laboratories by the ,nolybdosilicate method, with arelative standard deviation c6"14.3% and a relative error of 7.8%.8.2 Another synthetic unknewn sample containing 15.0 mg/! SiO2, 200 mg/i chloride,0.800 mg/I ammonia N, 1.0 mg/I nitrate N, 0.800 mg/I organic N, and 5.0 mg/iphosphate in distilled wazer was analyzed in 19 laboratories by the molybdosilicate
metho:-, with a relati, e standard deviation of8.4% and a relative error of4.2%.8.3 A third synthetic urkrown sample containing 30.0 mg/! SiO2,400 mg/I chloride, 1.50mg/I ammonia N, 1.0 mg/I nitrate N, 0.200 mg/l organic N, and 0.500 mg/Iphosphate indisilled water was analyzed in 20 Isboratories by the molybdosilicatemethod, with a relative standard deviation of 7.7% and a relative error of 9.8%. Allresults were obtained after sample digestion with NaHCOj.8.4 Photometric evaluations by the amino-naphthol-sulfonic acid procedure have anestimatd precision of 0.10mg./I in the range from 0 to 2mg/I (ASTM).8.5 Photometric evaluations of the silico-molybdate color in th: range from 2 to 50 mg/Ihave an estimated precision of approximately 4% of the quantity of silica measured 

(ASTM). 

Biblioguphy 

1. 
Annual Book ofASTM Standards, Part 31, "Water", Standard D859-68, p401 (1976).2. Standard Method-; for :he Examination of Water and Wastewater, 14th Edition, p 487,
Method 426B. (1975). 
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SULFATE
 

Method 375.1 (Colorimetrlc, Automated, Chloranflate) 

STORET NO. Total 00945 

Scope and Application
 
I I This automated method is applicable to drinking 
and surface waters, domestic and 

industrial wastes, in *he range of 10 to 400 mg SO,'I. Approximately 15 samples per
hour can be analyzed. 

Summary ofMethod 
2.1 	 When solid barium chloranilate is added to a solution containing sulfate, barium .ulfate 

isprecipitated, releasing the highly colored acid chloranilate i'm..Th,- .oior intensity in
the resulting chloranilic acid is proportional to the amount ofsulfate present.


Sample Handling and Preservation
 
3.1 Refrigeraiin a! 4"C.
 
Interferences
 
4.1 C:tioLs,such as calcium, aluminum, and iron, interfere by precipitating the chloranilate.

These ions are removed automticilly by passage through an ion exchange column. 
Apparatus 
5.1 	 Technicon AutoAnalyzet consisting of. 

5.1.1 	 Sampler !. 
5.1.2 	Continuotts filter. 
5.1.3 	Manifold. 
5.1.4 	Proportioning pump.
5.1.5 	Colorimeter equipped with 15 mm tubular flow cell and 520 nm filters. 
5.1.6 	Recorder. 
5.1.7 	Heating bath, 45"C. 

5.2 Magnetic stirrer. 
Reagents 
6.1 	 Barium chloranilate: Add 9 &of barium chloranilate BaCCi 20.) to 333 ml of ethyl

alcohol and dilute to I liter with distilled water.
6.2 	 Acetate buffer, pH 4.63: Dissolve 13.6 gofsodium acetate indistilled water. Add 6.4 nl 

ofacetic acid and dilute to I lit-r with distilled water. Make fresh weekly.6.3 	 NnOH-KDTA solution: Dissolve 65 gof NaOH and 6 g of EDTA in distilled water and 
dilute to I liter.
 
NOTE 1: This solution is also used to clean out manifold system at end of sampling run.
 

6.4 	 Ion exchange resin: Dowex-50 W-X8, ionic form.H'. 
NOTE 2: Column is prepared by sucking a slurry of the resin into 12 inches of 3/16-inch
OD sleeving. This may be conveniently done by using a pipette and a loose-fitting glass
wool plug in the sleeve. The column, upon exhaustion, turns red. 

Issued 1971 
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8. Precison and Accuracy
8.1 A synthetic unknown sample containing 259 mg/I sulfate, 108 mg/l Ca, 82 mg/l Ms.3.1 mg/I K. 19.9 mg/I Na, 241 mg/s chloride, 250 ug/l nitrite N, 1.1 mg/I nitrate Nand 42.5 mg/I alkalinity (contributed by NaHCOj), was analyzed in 32 laboratories bythe gravimetric methcd, with a relative standard devi'ion of4.7% and a relative error of 

1.9%. 

iblayograoy 

Annual Book of ASTM Standards, Pan 31, "Water", Standard D516-68, Method A. p 429
(1976).

2. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 493,
Method 427A. (1975). 
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SULFATE 

Method 375.4 (Turbidimetric) 

STORET NO. Total M0945 
I. Scope and Application

1.1 This method is applicable to drinking and surface waters, domestic and industrial wastes.1.2 The method issuitable for all concentration ranges of sulfate; however, in order to obtainreliable readings, use a sample aliquot containing not more than 40 mg SO/l.1.3 The minimum detectable h.lit isapproximately ImL'/1 sulfate.
2. Summary of Method

2.1 Sulfate ion is convet ted to a barium sulfate suspension under controlled conditions. Theresulting turbidity is determined by a nephelcmeter, filter photometer orspectrophotometer and compared to a curve prepared from standard sulfate solutions.2.2 Suspended matter and color interfere. Correct by running blanks from which the barium
chloride has been omitted.

2.3 Silica in concentrations over 500 mg/i will interfere. 
3. Comments 

3.1 Proprietary reagents, such as Hach Sulfaver or equivalent, are acceptable.
3.2 Preserve by refrigeration at 4C. 

4. Apparatus
4.1 
 Magnetic stirrer, variabe speed so that it can be held constant just below splashing. Use
id'mtical shape and size ma,netic stirring bars4.2 Photometer: one ofthe following which are given in order ofpreference.

4.2.1 Nephelometer
4.2.2 Spectrophotometer for use at 420 nm with light path of"4 to 5cm.4.2.3 Filter photometer with a violet filter haviig a maximum near 420 am and a light

path of 4 to 5 cm.4.3 Stopwatch, ifthe magnetic stirrer is not equipped with an accurate timer.
4.4 Measuring spoon, capacity 0.2 to 0.3 ml. 

5. Reagents
5.1 Conditioning reagent: Place 30 ml conc. HCI, 300 ml distilled water, 100 m]95% ethanolor isopropanol and 75 g NaCI in solution in a container. Add 50 ml glycerol and mix.5.2 Barium chloride, BaCI3, crystals, 20 to 30 mesh.5.3 Sodium carbonate solution (approximately .05N): Dry 3 to 5 S primary standardNa2COj at 250"(YC for 4 hours and cool in a desiccator. Weigh 2.5 ±0.2 g (to the nearestmg), transfer to a I liter volumetric flask and fil to the mark with distilled water. 

Approved for NPDES 
Issued 1971 
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5.4 	 Standard sulfate solution (1.00 ml = 100 ug SO): Prepare by either 5.4.1 or 5.4.2. 
5.4.1 	 Standard sulfate solution from H1SO, 

5.4.1.1 	 Standard sulfuric acid. 0.IN: dilute 3.0 ml conc. H.SO, to I liter with 
distilled water. Standardize versus 40.00 ml of0.05 N Na2COj solution 
(5.3) with about 60 ml distilled water by titrm.ing potentiometrically to 
pH about 5. Lift electrodes and rinse into beaker. Boil gently for 3-5 
minutes under a watch glass cover. Cool to room temperature. Rinse 
c vr glass into beaker. Continue titration to the pH inflection point. 
Calculate normality using 

N = AxB 

53.00 xC 

where: 

A = S Na.COj weighed into I liter 
B = ml NaCOj solution 
C = taxl acid used to inflection point 

5.4.1.2 	 Stwidard acid, 0.02 N: Dilute appropriate amount of standard acid, 0. 1 
N(5.4. 1.1j to I liter (20000 ml if 0.1000 n. Check by standardization 
versus i5 ml of0.05 N Na3CO, solutiou (5.3).

5.4.1.3 Place IC41 ml standard sulfuric acid. 0.02 N (5.4.1.2) in a 100 ml 
volumetric and dilute to the mark. 

5.4.2 	Standard sulfate solution from NaSO,: Dissolve 147.9 mg anhydrous Na2SO, in 
distilled water in a I liter volumetric flask and dilute to the mark with distilled 
witier. 

6. 	 Procedure 
6.1 	 Formation ofbarium sulfat,- turbidity 

6.1.1 Place 100 ml sample, or a suitable portion diluted to 10 ml, into a 250 Erlenmeyer 
flask. 

6.1.2 	Add exacly 5.0 mi conditioning reagent (5. 1). 
6.1.3 	Mix in the stirring apparatus. 
6.1.4 	While the solution is being stirred, add a measuring spoonful ofBaCI crystals (5.2) 

And begin timing immediately. 
6.1.5 	Stir exactly !.0 minutes at constant speed. 

6.2 	 Measurement of barium sulfate turbidity 
6.2.1 	 Immediately after !he stirring period has ended, pour solution into absorhnce cell. 
6.2.2 	Measure turbidity at 30 second intervals for 4 minuua. 
6.2.3 	Record the maximum reading obtained in the 4 minute period. 

6.3 	 Preparation ofcalibration curve. 
6.3.1 	 Prepare calibration curve using slmndard sulfate solution (5.4).
6.3.2 	Space standards at 5mg/I increments in the 0-40 mg/I sulfate range. 
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6.3.3 Above 50 mg/I the 'Accuracy decrcases and the suspension%lose stability.6.3.4 Check reliability of calibration curve by running a standard with eve, 3 or 4 
samples. 

6.4 Correce-an for sample color and turbidity.
6.4.1 Run a sample blank using the procedure 6.1 and 6.2 without the addition of barium 

chloride (6.1.4). 
7. Calculations 

7.1 Read mg SO. from calibration curve 

mg SOVI = m&_SO, x 1,00
ml sample 

8. Precision and Accuracy 
8.1 Thirty-four analysts in 16 laboratori-, analyzed six synthetic water samples contan..n,

exact increments ofinorganic sulfate with the following results: 

Incr==t as Precision as AccuracySulfite Standard Devtizu 
as 

Biau. Basmgn/L rag/lila' mg/litar 
8.6 2.30 -3.72 -0.39.2 1.78 -4.26 -0.8110 7.86 -3.01 -3.3122 7.50 -3.37 -4.1188 9.58 +0.04 +0.1199 it. 
 -1.70 -3.4 

(FWPCA Method Study 1,Mineral and Physical Analyses). 

8.2 A synthetic unknown sample containing 259 mg/l sulfate, 108 mg/I Ca,82 mg/I Mg.3.1 mg/I K. 19.9 mg/I Na, 241 mg/I chloride, 0.250 mg/I nitrite N. i.I mg/I nitrateN. and 42.5 mg/l total alkalinity (contributed by NaHCO) was analyzed in 19laboratories by the turbidimetric method, with a relative standard deviation of9.1% and 
a relative error of 1.2%. 

1. 
Annual Book of ASTM Standards, Part 31. "Water", Standard D516-68, Method 13,p 410 
(1976).

2. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 496, 
Method 4:7C, (1975). 

375.4-3
 



SULFIDE
 

Method 376.1 (Titrimetric, Iodine)
 

STORET NO. Total 00745 
Dissolved 00746 

1. 	 Scope and Application 
1.1 	 This method is applicable to the measurement of total and dissolved sulfides in drinking. 

surface and saline waters, domestic and industrial wastes. 
1.2 	 Acid insoluble sulfides are not measured by the use of this test. (Copper sulfide is the only 

common sulfide in this class). 
1.3 	 This method is suitable for the measurement of sulfide in concentrations above I mg/l. 

2. 	 Summary of Method 
2.1 	 Excess iodine is added to a sample which may or may not have been treated with zinc 

acetate to produce zinc sulfide. Te iodine oxidizes the sulfide to sulfur under acidic 
condition&. The excess iodine is backtitraed with sodium thiosulfate or phenylarsmine 
oxide. 

3. 	 Comments 
3.1 	 Reduced sulfur compounds, such as sulfite, thiosulfate and hydrosulfite, which 

decompose in acid may yield erratic result Also, volatile iodine-crcmuming substances 
will give high results. 

3.2 	 Samples must be taken with a minimum of aeration. Sulfide may be volatilized by 
aeration and any oxygen inadvertently added to the sample may convert the sulfide to an 
unmeasurable form. 

3.3 	 Ifthe s2mple is not preserved with zinc acetate and NaOH. the analysis must be starced 
immediately. Similarly, ihe measurement of dissolved sulfides mut also be commenced 
immediately. 

4. 	 Apparatus: Ordinary laboratory glassware. 
5. 	 Reagents 

5.1 	 Hydrochloric acid. HC. 6 N 
5.2. 	 . Standard iodine solution. 0.0250 N" Dissolve 20 to 25 g KI in a little water in a liter 

volumetric and add 3.2 g iodine. Ailow to dissolve. Dilute to I liter and standardize 
against 0.0250 N sodium thiosulfat, or phenylarsine oxide using a starch indicator. 

5.3 	 Phenylarsine oxide 0.0250 N: coramercially available. 
5.4 	 Starch indicator: commercially available. 
5.5 	 Procedure for standardiz.ton (see Residual Chlorine--odometric titration Method 

330.3. section 5.15). 

Approved for NPDES 
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6. 	 Procedure 
6.1 	 Unprecipitated sample

6.1.1 	 Place a known amount of standard iodine solution (5.2) into a 50 ml flask. The 
amount should be estimated to be in excess of the amount nfsulfide expected.

6.1.2 	Add distilled water, if necessary, to bring the volume to approximately 20 ml. 
6.1.3 	 Add 2 ml of6 N HCl (5.1).
6.1.4 	Pipet 200 ml of sarnp!e into the flask, keeping the tip of the pipet below the surface 

of the sample.
6.1.5 	If the iodine color disappears, add more iodine until the color remains. Record the

total number of milliliters of standard iodine used in performing steps 6.1.1 and 
6.1.5. 

6.1.6 	Titrate with the reducing solution (0.0250 N sodium thiosulfate or 0.0250 N
phenylarsine oxide solution (5.3)) using a starch indicator (5.4) until the blue color 
disappears. Record the number ofmilliliters used. 

6.2 	 Precipitated samples
6.2.1 Add !he reag;ents to the sample in the original bottle. Perform steps 6.1.1, 6.l.J. 

6.1.5. and 6.1.6. 
6.3 	 Dewatered samples

6.3.1 Return the glass fibre filter japer which contains the sample to the original bottle.
Add 200 ml distilled water. ' .-rform steps 6.1.1.,6.1.3,6.1.5. and 6.1.6.

6.3.2 	The calculations (7) should be based on the volume of original sample pui through 
the filter. 

7. 	 Calculations 
7.1 One ml of0.0250 N standard iodine solution (5.2) reacts with 0.4 mg of sulfide present in 

the titration vessel. 
7.2 	 Use the formula 

mg/! stuide = 400 (A - B)
•ml sample 

where: 

A = 	mi of0.0250 N standard iodine solution (5.2) 
B = ml of O.025NNstandard reducing sodium thosulfate or phenylarsine oxide) 

solution"(5.3).
8. 	 Precision and Accuracy 

8.1 Precision and accuracy for this method have not been determined. 

Bibliography 

I. 	 Standard Methods for the Examination of Water and Wastewater, 14th Edition. p 505. 
Method 428D. (1975). 
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SULFIDE 

Method 376.2 (Colorimetric, Methylene Blue) 

STORET NO. Total 00745 
Dissolved 00746 

1. 	 Scope and Application 
1.1 	 This method is applicable to the measurement of total and dissolved sulfides in drinking, 

surface and saline waters, domestic and industrial wastes. 
1.2 	 Acid insoluble sulfides are not measured by this method. Copper sulfide is the only 

common sulfide in this class. 
1.3 	 The method is suitable for th: measurement of sulfide in concentrations up to 20 mg/l. 

2. 	 Summary of Method 
2.1 	 Sulfide reacts with dimethyl-p-phenylenediamine (p-aminodimethyl aniline) in the 

presence of ferric chloride to produce methylene blue, a dye which is measured at a 
wavelength maximum of625 rum. 

3. 	 Comments 
3.1 	 Samples must be t.ken with a minimum of aeration. Sulfide may be. volatilized by 

aeration and any oxygen inadvertently added to the sample may convert the sulfide to an 

unmeasurable form. Dissolved oxygen should not be present in any water used to dilute 
standards. 

3.2 	 The analysis must be started immediately. 
3.3 	 Color and turbidity may interfere with observations of color or with photometric 

readings. 
4. 	 Apparatus 

4.1 	 Matched test tubes, approximately 125 mm long and I5 mmO.D. 
4.2 	 Droppers, delivering 20 drops/mil. To obtain uniform drops, hold dropper in vertica 

position and allow drops to form slowly. 
4.3 	 Photometer, use either 4.3.1 or 4.3.2. 

4.3.1 	 Spectrophotometer. for use at 625 nm with cells of I cm and l0cm light path. 
4.3.2 	Filter photometer. with filter providing transmittance near 625 nm. 

5. 	 Reagents 
5.1 	 Amino-sulfuric acid stock solution: Dissolve 27 g N,N-dimethyl-p-phenylenediantmu 

oxalate (p-aminodiniethylaniline) in a cold mixture of 50 ml conc. H.SO, and 20 %W 

distilled water in a I00 ml volumetric flask. Cool and dilute to the mark. If dark disc=l 
and purchase fresh reagent. Store in dark glass bottle. 

5.2 	 Amino-sulfuric acid reagent: Dissolve 25 ml amino-sulfuric acid stock solution (5. 1)wilh 
975 ml of I + I H)SO, (5.4). Store in a dark glass bottle. This solution should be clear. 

5.3 	 Ferric chloride solution: Dissolve 100 g FeCI,.6HO in 40 ml distilled water. 
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Issued 1978 

376.2.1 



5.4 	 Sulfuric acid solution. IISO,, I + I5.5 	 Diammonium hydrogen phosphate solution: Dissolve 400 g (NH) 2HPO, in 800 ml 
distilled water.

5.6 Methylene blue solution I:Dissolve 1.0 g of methylene blue in distilled water in a I litervolumetric flask and dilute to the mwrk. Use U.S.P. grade or one certified by theBiological Stain Commission. The dye content reported on the label should be 84% ormore. Standardize 15.8) against sulfide solutions of known strength and 	 adjustconcentration so that 0.05 ml (I drop) equals 1.0 mg/I sulfide.5.7 Methylene blue solution II: Dilute 10.00 ml of adjusted methylene blue solution 1(5.6) to100 ml with distilled water in a volumetric flask. 
5.8 	 Standardization of methyler.e blue I solution:

5.8.1 Place 	several grams of clean, washed crystals of sodium sulfide Na2S,9H 20 in a 
small beaker. 

5.8.2 	Add somewhat less thar, enough water to cover the crystals.5.8.3 	 Stir occasionally for a few minutes. Pcur the solittion into another vessel. Thisreacts slowly with oxygen but the change is insignificnat over a few hours. Make 
the solution daily.

5.8.4 	To I lit--r of distilled wattr add I drop of solution a.nd mix.5.8.5 Immediately determine the sulfide concentratiop by the methylene blue procedure(6) and by the titrimetnc iodide proceure (M--thod 376.1, this manual).5.8.6 	Repeat using more than one drop of sulfide solution or less water until At least fivetests have been made in the range of I to 8 mg/I sulfide.5.8.7 	Calculate the average percent error of the methylene blue procedure (6) ascompared to the titrimetnc iodide procedure (Method 376. 1).5.8.8 Adjust by dilution or by adding more dye to methylene blue solution 1(5.6).
6. 	 Procedure 

6.1 	 Color developfnent
6.1.1 	 Transfer 7.5 ml of sample to each of two matched test tubes using a special wide

tipped pipet or filling to a mark on the test tubes.6.1.2 	To tube A add 0.5 ml amine-sulfuric acid reagent (5.2) and 0.15 ml (3 6rops) FeCI, 
solution (5.3).

6.1.3 	 Mix immediately by inverting the tube only once.
6.1 4 To tube B add 0.5 ml I + I H.SO, (5.4) and 0.15 ml (3 drops) FeC, s"ioution (5.3)

and mix.
6.1.5 	Color will develop in tube A in the presence of sulfide. Color df.velopment isusually complete in about I minute. but a longer time is often required for the

fading of the initial pink color. 
6.1.6 	 Wait 3 to 5 minutes. 
6.1.7 	Add 1.6 ml (NH,):HPO, sclution (5.5) to each tube.6.l.b 	Wait 3 to 5 minutes and make color comparisons. If zinc acetate was used wait at

least 10 minutes before making companson. 

176.2.2 
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6.2 	 Color comparison 

6.2.1 	 Visual 
6.2.1.1 	 Add methylene blue solution I (5.6) and/or I (5.7) (depending on 

sulfide concentration and accuracy desired) dropwise to tube B (6.1.4) 
until the color matches that developed in the first tube. 

6.2.1.2 	 If the concentration exceeds 20 mg/I, repeat 6.2. 1.1 using a portion of 
the sample diluted to one tenth. 

6.2.2 	Photometric 
6.2.2.1 	 Usea I crmcellforO.1 to2.0mg'l. Usea l0cm cell for upto20mg/l. 
6.2.2.2 	 Zero instrument with portion of samp'e from tube B (6.1.4). 
6.2.2.3 	 Prepare calibration cirve from data obtained in methylene blut 

standardization (5.8). plotting concentraton obtained from titrimetric 
iodide procedure (Method 376. 1) versus absorbance. A straight line 

relationship can be assumed from 0 to 1.0 rg/I. 
6.2.2.4 	 Read the sulfide concentration from the calibration urve. 

7. 	 Calculations 
7.1 	 Visual comparison: With methylene blue solution 1 (5.6), adjusted so that 0.05 ml (I 

drop) = 1.0 mg/I sulfide and a7.5 ml sample 

mg/I sulfide = number drops methylene uie solution 1(5.6) + 0.1 x [number ofdrops 
methylene blue solution 11 (5.7)]. 

7.2 	 Photometric: see 6.2.2.4 
8. 	Precision and Accuracy: 

8.1 	 The precision has not been determined. The accuracy isabout 10%. 

Bibliography 

Standard Methods for he Examination of Water and Wastewater. 14th edition. p. 503, Method 
428C (1975). 
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SULFTE
 

Method 377.1 (Titrimetric)
 

STORET NO. 00740
 

1. 	 Scope and Application 
1.1 	 This method isapplicable to drin~dng and surface waters, sewage and industrial wastes. 

The primary application has been to cooling, proccs; and distribution water systems and 
boiler feedwaters to which sulfide is added in order to reduce dissolved oxygen and 
eliminate corrosion. 

1.2 	 The minimum detectable limit is 2-3 mg/I SO3. 
2. 	 Summary of Method 

2.1 	 An acidified sample containing a starch indicator is titrated with a standard potassium 
iodide-iodate titrant to a faint permanent blue end point which appears when the 
reducing power of the sample has been completely exhausted. 

3. 	 Interferences 
3.1 	 The temperature of the sample must be below 5W"C. 
3.2 	 Care must be taken to allow as little contact with air as possible. For example, do not 

filter the sample. Keep the buret tip below the surface of the sample.
3.3 	 Other oxidizable substances, such as organic compounds, ferrous iron and sulfide are 

positive interferences. Sulfide may be removed by adding .Sg of zinc acetate and 
analyzing the supernatant of the settled sample. 

3.4 	 Nitrite gives a negative interference by oxidizing sulfite when the sample is acidified, this 
is corrected by either using a proprietary indicator which eliminates nitrite or by adding 
sulfamic acid. 

3.5 	 Copper and possibly other heavy metals catalyze the oxidation of sulfite; EDTA is used 
to complex metals. 

3.6 	 Ablank must be run to correct for interferences present in the reagents. 
4. 	 Apparatus 

4.1 	 Standard laboratory glassware is used. 
5. 	 Reagents 

5.1 	 Sulfuric acid, HSO,, I + 1. 
5.2 	 Starch indicator: Amylose, Mallinckrodt Chemical Works; Thyodene. Mapgs 

Chemical Co. or equivalent. 
5.3 	 Dual-Purpose Sulfite Indicator Powder: a proprietary formulation containing sulfamic 

acid to destroy nitrite. 
5.4 	 Standard potassium iodide-iodate titrar L 0.0125N: Dissolve 445.8 mg anhydmas 

potassium iodate, KO (primary standarc grade dried for several hours at 120"C), 4.71 
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LECTUREIHANDOUT MATERIAL 

METALS ANALYSIS BY ATOMIC ABSORPTION SPECTROPHOTOMETRY. 

FLAME AND GRAPHITE FURNACE EPA METHODS FOR THE FOLLOWING 
METALS: 

ALUMINUM, ANTIMONY, ARSENIC, BARIUM, CADMIUM, CALCIUM, 
CHROMIUM, COBALT, COOPER, IRON, LEAD, MAGNESIUM, 
MANGANESE, MERCURY, MOLYBDENUM, NICKEL, POTASSIUM, 
SELENIUM, SILVER, SODIUM, TIN, VANADIUM AND ZINC 

SPECIAL CASES: GASEOUS HYDRIDE 

As, Se, Te, Sb, Bi and Sn: Needs Hydrides Generation System 
(See Next Page) 

Cold Mercury Vapor
 
(See Page 3)
 



74 TECIINIQUES OF WATER-RESOURCES INVESTIGATIONS 

5.2 Arsenic standardsolutionII, 1.00 mL= 
10.0 pg As: Dilute 5.00 mL arsenic standard 
solution Iand 1 ml,concentrated HNO 3 (sp gr 
1.41) to 500.0 mL with demineralized water. 
Discard after 3 months. 

5.3 Arsenic standardsolution 111, 1.00 mL= 
0.10 pg As: Dilute 5.00 mL arsenic standard 
solution II and 1 mL concentrated HNO3 (sp gr 
1.41) to 500.0 mL with demineralized water. 
Prepare fresh weekly. 

5.4 Hydrochloric acid, concentrated (sp gr 
1.19): Use analytical-grade acid with arsenic con-
tent not greater than 1 X 10-6 percent. 

5.5 Nitric acid,concentrated (sp gr 1.41): Use 
analytical-grade acid with arsenic content not 
greater than 5 X 10-7 percent. 

5.6 Potassiumiodide solution, 15 g/100 mL: 
Dissolve 15 g KI in 100 mL deinineralized water. 
This solution is stable when stored in an amber 
bottle 

Auxiliary nitrogen 

5.7 Sodium borohydride solution, 4 g/100 
mL: Dissolve 4 g NaBH 4 and 2 g NaOH in 100 
mL demineralized water. Prepare fresh before 
each use.
 

5.8 Stannous chloride solution, 33.6 
g/100mL concentrated HCI: Dissolve 40g 
SnCI2 -2H 20 in 100 mL concentrated HCL. This 
solution is unstable. Prepaxe fresh daily. 

5.9 Sulfuric acid, 9M: Cautiously,and with 
constant stirring and cooling, add 250 mL 
concentrated H 2SO 4 (sp gr 1.84) to 250 mL 
demineralized water. 

6. Procedure 
6.1 Clean all glassware used in this determin

ation with dilute HCI (1+4) and rinse with 
demineralized water immediately before each use 

6.2 Follow instructions in paragraph 6.2.1 for 
water or water-suspended sediment and para
graph 6.2.2 for bottom material. 

Burner
 

!Gas
dispersion 
tube 

Dropper
 

Rubber stopper 

too 
Hydrogen Nitrogen 

200-mL Berzelius beaker or 
300-mL fleaker 

Figure 11.-Arslne vapor analyzer 
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Air 

Outlet 

(vent to hood) 

To water 

aspirator Aerator 

.kI 
Stopcock . 

"
 

6-ram ID I'6-mm ID 

170m -- iBOD 

window. 
200-rm 


Figure 29.-Absorption cell and aerator 

4.3 Atomic absorption spectrometer and 
recorderor a commerical mercury analyzer.

4.4 Refer to the manufacturer's manual to
optimize instrument for the following: 

Grating ...... Ultraviolet 
Wavelength .. 253.7 nm 
Source ....... Mercury-vapor dis-

charge, hollow-
cathode, or electrode-
less-discharge lamp

4.5 BOD bottle, 300-mL capacity.
4.6 Water bath or controlled-temperature 


oven, 95 *C. 


5. Reagents 
5.1 Hlydroxylamine hydrochloride.sodium 

chloride solution: Dissolve 10 g NH 2OH.HCl 
and 12 g NaCl in dernineralized water and dilute 
to 100 mL (NOTE 2). Prepare fresh daily. Alter-natively, 12 g hydroxylamine sulfate may be 
used instead of the hydroxylanine hydro-
chloride, 

bottle 

window . 
(25-mm OD) 

NOTE 2. A larger volume of this reagent can 
be prepared if it is kept refrigerated.

5.2 Mercury standardsolution I, 1.00 mL = 
100 ,g lg.Dissolve 0.1712 g Hg(N0 3 )2.H20 in 
demineralized water. Add 1.5 mL concentrated 
HNO and dilute to 1,000 mL with dernineral
ized water. 

5.3 Mercury standard solution II, 1.00 
mL = 1.00 pg Hg: Dilute 5.00 mL mercury
standard solution I and 1.5 mL concentrated
HNO3 to 500 mL with demineralized water. 
This and the following mercury standard solu
tions must be prepared fresh daily. 

5.4 Mercury standard solution III, 1.00mL = 0.050 pg Hg: Dilute 10.0 ml,mercury
standard solution II and 1.5 mL concentrated 
HNO3 to 200 mL with demineralized water. 
Use this solution to prepare working standards 
at the time of analysis.

6.5 Nitric acid, concentrated (sp gr 1.41),
with low mercury content: duPont, reagent
grade acid has been found satisfactory. 



TABLE I 
FOR THE FURNACEINSTRUMENTAL CONDITIONS 

X SBWA SBW 
At. (nm) (nm)

At. (nm) (nm) 

589.6 0.7 
Ag 328.1 0.7 Na 

492.4
Al 309.3 0.7 Nd 0.2 

Ni 232.0 0.2 
As 193.7 0.7 

Os 290.9 0.2 
Au 242.8 0.7 

P 213.6 0.7 
B 249.7 0.7 

283.3 0.7 
Ba 553.6 0.4 lb 

Pd 247.6 0.7 
Be 2:34.9 0.7 

Pi. 495.1 0.2 
13i 223.1 2. 

265.9 0.7 
Ca 422.7 0.7 Pt 

780.0
cd 22S.8 0.7 Rb 0.4 

Re 346.0 0.2 
(o 240.7 0.2 

Rh 348.5 0.2 
Cr 357.9 0.7 

349.9
Cs S52.1 0.7 Ru 0.2 

217.6 2. 
C' 324.7 0.7 Sb 

Sc 391.2 0.2
I)v 421.2 0.2 

196.0 2. 
E r 400.8 (.2 Se 

251.6 U.2 
Eu 459.4 0.2 Si 

Sm 429.7 0.2 
Fc 24S.3 0.2 

224.6 0.7
(;a 287.4 0.7 Sn 

286.4 0.7 
(;d 407.9 0.2 

S1 460.7;v 265.1 0.2 1.4 

t: 432.6 li.2"g -TP.7 
214.3 2.

I1v 4 l).4 0.2 Tv 
365.3

In 303.9 0.7 Ti 0.2 

TI 276.8 0.7 
hr 264.0 0.2 

Tm 371.8 0.2 
K 766.5 0.4 

351.5 0.2 
La 550.0 0.2 U 

318.4 0.7
Li 670.8 0.4 V 

Y 410.2 0.2 
Lu :336.0 0.2 

398.8 0.2 
Mg 285.2 0.7 Yb 

213.9 0.7 
Mn 279.5 2. Zn 

Mo 313.3 0.7 
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At. W/P2 

Ag P 

Ai P 

As P 

Au P 
B W 

Ba W 

-;e P 

Bi P 

Ca W 

('d P 

' [' 


Cr P 
Cs P 

('u -

Dy W 

Er W 

Eu W 

Fe P 

Ga P 

Gd W 

Ge P 

Hg P 
In F 
Jrv W 
K W 

La V 

Li P 

Mg P 

Mn P 

Mo W 

Na W 

Nd W 

Ni P 

TABLE II FURNACE CONDITIONS 
Char Atom. Det. 

Temp. Temp. Limit FootModifier (°C) (0 C) i (pg) Note Ref.
 
200 pg PO 
 650 160. 1.4 0.5 5 780j
 
5)pg Mg(NO),, 17N) 9.4m) I ) 
 4. 780j
 
2 ug Ni 1500 250o. 
 17 20 780j
 
5() ug Ni 1000 22o. 13 10 
 78(i

5 ug Ca 1)00) 2711) 71)() 1000 780j 

1200 27()() 6.5 10 78()j

51) pg Mg(NO:?: 1500 251.0 1.2 1 78(j
 
20 mg Ni 
 9u0 19o0 23 10 78()j 

.1 260(1 1., - 7,oj
 
21)() pg f'()I 
1() !g Mg rN ).:. It I.::., 0 37,x1.1 9 ) )Ii 5 
.)()
ug .\Ig(No.., 14inm 24')") ; 2)
 
5( ug M(N(),; 165u 25)) . 1 
 -

9()() 1900 5 5 780j 
121)() 23(, .11 1 7 ()j 
15)() 271, 305
 
1700( 27oo 7  305 
1:101) 26w)j 16 .,05
 

50 mg Mg(NO), 1400 2401 5 2 780j 
8o0 270o 42  305
 

160o 27UO 11.0) - 305
 
50 Ag Mg(NQa).; 950 2500 :30 
 15 101a 
K2"r.:O. 250 1000 - 413 

800 1400 88 - 305 
1000 2500 275 - 305 
950 1500 0.8  305 

1600 2700 27.000 - 305 
900 2600 1.4 2 780j 
900 2400 0.3 0.5 780j 

50 pg Mg(NO).) 1400 2200 2. 1 780j 
1800 2700 9 4 780j 
900 1500 1.0 - 305 

1500 2700 1.800 - 305 
5o mg Mg(NO)., 1400 2400 13 10 780j 
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TABLE II FURNACE CONDTIONS
 
Char Atom. Det. 

Temp. Temp. Limit Foot 

At. W/P 2 Modifier (CC) (0 C) m4 (pg) Note Ref. 

Os W 200 2800 1,400 - 305 

p P 50 pg La(NO. .,  1400 2700 3,000 3000 780j 

Pb P 200 pg PO 4 + 

10 pg Mg(N03).) 600 1900 11 5 5 7801 

Pd P 1000 2300 24 25 780j 

Pt W 1300 2500 100 50 780j 

HRb P 800 1900 2.3 5 78().) 

Rh W 1300 2400 12 - 305 

Ru W 1400 2500 32 - 305 

S) P 20 pg Ni 1100 2400 38 15 780.1 

Se P 20 pg Ni + 

25 pg Mg(N0:1).) 900 2000 30 30 780j 

Si P 1400 2700 40 40 78()j 

Sm W 1410 2600 240 - 3-15 

Sn 1 2()() pg PC)4 + 

50 pg Mg(NO:,). 1000 21(00 23 20 3.5 780j 

Sr V 1300 2600 1.4 2 780.j 

l'v P 20 ug Ni 91)0 20(10 15 10 78-01 
Ti \V 1400 2711( 43 51 7S(j 

TI I' 1",, 1 ,2SO) 600 1 0 10 111 781) 

I'm \V - 1700 2700 13 - :3(5 

V \V 1400 2650 30 20 780j 

Y W - 1400 2700 13.000 - 305 

Yb W\ 1300 2500 2.5 - 305 

Zn I 6 ug M1g( NO )_ 600 18()() 0.04 0.1 780 
NOTES 
I. 	 'yrolically (oated tuhes are recommended for all determinations. as is gas stp. 

Max power heating Isused. 
2. W '. W is wall data. P is platform data. Integrated absorbance is ';(.d ifthe plat

form is used and usuallv for wall at,,mization also. The sample siz. i a:;sumre, ti 
' be 2,pl.. 	 with I s ramp. For platform char. the1"he drYing time is(it)s at 250'( 

hold time is 15 s after 1 s ramp. The tube iscleaned out with a final C,s firing at 
21;()(1'(' using I s ramp. 

3.Assuming use of the 286.4 nm line for Sri for the Zeeman/5(l0. 
I (Cis the characteristic mass in pg 11.l104-1 A-s. 
5 . 1 1ikeither (N H zI2P'() or N 1 -141 ,11 0 1 * 

I.
6. 	 The (haracteristir mas. (C.for ('u with the Zeeman '5(01) is about '.5 g (II) 1 

A' 



ALUMINUM
 

Method 202.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 01105 
Dissolved 01106 

Suspended 01107 

i1 um Concentration Range: 5-50 mg/I using a wavelength of 309.3 nm
 
ji dI~ty: I mg/I
 

kAt9ction Limit: 0.1 mg/I 

4 fflIation of Standard Solution .	 Stock Solution: Carefully weigh 1.000 gram of aluminum metal (analytical reagent 

grade). Add 15 ml of coiic. HCI and 5 ml conc. HNO 3 to the metal, cover the beaker and 
warm gently. When solution is complete, transfer quantitatively to a I liter voltimnett ic 
flask and make up to volume with deionized distilled water. I ml = Ing Al (lO00 mg 1).

2. 	 Potassium Chloride Solution,: Dissolve 95 g potassium chloride (KCI) in deionized 
distilled water and make up to I liter. 

3. 	 Prepare dilutions of the stock solution to be used as calibration standards at the time of 
analysis. The calibration standards should be prepared using the same type of acid and at 
the same concentration as will result in the sample to be analyzed either directly or after 
processing. To each 100 ml of standard and sample alike add 2.0 ml potassium chloride 
solution. 

'tpePreservation 
i.1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

iPreparation 
I. 	 The procedures for the preparation of the sample as given in part 4.1.1 through 4. 1.4 of 

the Atomic Absorption Methods section of this manual have been found to be 
: 17 satisfactory. 

[,klmental Parameters (General) 
!. Aluminum hollow cathode lamp 
2. 	Wavelength: 309.3 nm 
3. 	 Fuel: Acetylene 
4. 	 Oxidant: Nitrous oxide 

ed for NPDES
1971 

Amwa revision 1974 and 1978 
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5. 	 Type of flame: Fuel rich 

Analysis Procedure 
I. 	 For analysis procedure and calculation, see "Direct Aspiration", part 9. i of the Atomic 

Absorption Methods section of this manual. 

Interferences 
I . Aluminum is partially ionized in the nitrous oxide-acetylene flame. This problem may be 

controlled by the addition of an alkali metal (potassium, 1000 ug/ml) to both sample and 
standard solutions. 

Notes 
I. 	 The following lines may also be used: 

308.2 nm Relative Sensitivity 1 
396.2 nm Relative Sensitivity 2 
394.4 nm Relative Sensitivity 2.5 

2. 	 Data to be entered into STORET must be reported as ug/l.
3. 	 For concentrations of aluminum below 0.3 mg/l, the furnace procedure (Method 202.2) 

isrecommended 
4. The Eriochrome cyanine R colorimetric method may also be used. The optimum range!

for this method lies between 20 and 300 ug/l. (Standard Methods, 14th Edition, p. 171.)!
In the absence of fluorides and complex phosphates, a detection limit of 6 ug/l i' 
possible. 

Precision and Accuracy 
I. 	 An interlaboratory study o. tri,'e metal analyses by atomic absorption was conducted by

the Quality Assurance and Labciato-y Evaluation Branch of EMSL. Six synthetic 
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron, 
manganese, lead and zinc were added to natural water samples. The statistical results for 
aluminum were as follows: 

Number True values Mean Value Deviation Accuracy asof Labs ugAiter ug/liter 	 ug/liter %Bias 

38 1205 	 1281 299 	 6.338 1004 	 1003 391 	 -0.137 500 463 	 202 -7.437 625 	 582 272 	 -6.822 	 35 96 108 	 175 
21 	 15 
 109 . '168 	 626 
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ALUMINUM
 

Method 202.2 (Atomic Absorption, furnace technique)
 

STORET NO. Total 01105 
Dissolved 01106 

Suspended 01107 

Optimum Concentration Range: 20-200 ug/I 
Detection Limit: 3 ug/l 

Preparation of Standard Solution 
1. 	 Stock solution: Prepare as described under "direct aspiration method". 
2. 	 Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. These solutions are also to be used for "standard additions". 
3. 	 The calibration standard should be diluted to contain 0.5% (v/v) HNOJ. 

Simple Preservation 

1. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 
section of this manual. 

Simple Preparation 
1. 	 Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HNO3. 

tastrument Parameters (General) 
1. 	 Drying Time and Temp: 30sec-125°C. 
2. 	 Ashing Time and Temp: 30 sec- 1300'C. 
3. 	 Atomizing Time and Temp: 10sec-2700°C. 
4. 	 Purge Gas Atmmosphere: Argon 
5. 	 Wavelength: 309.3 nm 
6. 	 Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

,AlAlysis Procedure 
1. 	 For the analysis procedure and the caculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Approved for NPDES 
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Notes 
I. 	 The above concentration values and instrument conditions are for a Perkin-Elmer HiGA. 

2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic 
graphite. 

2. 	 Background correction may be requived if the sample contains high dissolved solids. 
3. 	 It has been reported that chloride ion and that nitrogen used as a purge gas suppress the 

aluminum signal. Therefore the use of halide acids and nitrogen as a purge gas should be 
avoided. 

4. 	 For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 

5. 	 If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 

6. 	 Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
!. Precision and accuracy data are not available at this time. 

202.2-2
 

V
 



ANTIMONY 

Method 204.1 (Atomic absorption, direct aspiration) 

STORET NO. Total 01097 
Dissolved 01095 

Suspended 01096 

j -	 1-40 ng/I using awavelength of 217.6 nmlmm Concentration Range: 
,ITIty: 0.5 mg/l 
-aIion Limit: 0.2 mg/I 

#flru lon of Standard Solution 
I. 	 Stock Solution: Carefu ll% weigh 2.7426 g of antimony potassiumn taitrate 

K(SbO)C 41440 6."217-20 analytical reagent grade) and dissolve in deicnijed distilled 
wiater. Dil te to I liter Wi I'h deionized diStil led water. I 1u I = I tug Sb (1000 u.g I). 

2. 	 Prepare dilutions of the stock solution to be used as calibration standards at the time of 
analysis. The calibration standards should be prepared using the same type of acid and at 
the same concentration as will result in the sample to be analyzed either directly or after 
processing. 

4"ple Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Viwiile Preparation 
I. 	 The procedures for preparation of the sample as given in parts 4.1.1 !hrough 4.1.4 of the 

Atomic Absorption Methods section of this manual have been found to be satisfactory. 

IbIrumental Parameters (General) 
I. 	 Antimony hollow cathode lamp 
2. 	 Wavelength: 217.6 nm 
3. 	 Fuel: Acetylene 
4. 	 Oxidant: Air 
5. 	 Type of flame: Fuel lean 

,Au ysis Procedure 
I. 	 For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atomic 

Absorption Methods section of this manual. 

Mfzoved for NPDES 
bnW 1974 
L orial revision 1978 

204.1.1 



Interferences 
I. 	 In the presence of lead (1000 mng/I), a spectral interference may occur at the 2 17.6 nm 

resonance line. In this case the 231.1 nm antimony line should be used. 
2. 	 Increasing acid concentrations decrease antimony absorption. To avoid this effect, the 

acid concentration in the samples and in the standards should be matched. 

Notes 
I. 	 Data to be entered into STORET must be reported as ug/ I. 
2. 	 For concentrations of antimony below 0.35 mg/I, the furnace procedure (Method 204.2) 

is recommended. 

Precision and Accuracy 

I. 	 In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at 
concentrations of 5.0 and 15 mg Sb/l, the standard deviations were ±0.08 and 10.1, 

respectively. Recoveries at these levels were 96% and 97%, respectively. 
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ANTIMONY 

Method 204.2 (Atomic Absorption, furnace technique) 

STORET NO. Total 01097 
Dissolved 01095 

Suspended 01096
Optimum Concentration Range: 20-300 ug/I 
brtection Limit: 3 ug/l 

Nreparation of Standard Solution 
!.1 	 Stock solution: Prepare as described under "direct aspiration method".
2. 	 Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. These solutions are also to be used for "standard additions". 
3. 	 The calibration standard should be diluted to contain 0.2% (v/v) HNOJ. 

kuople Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

$wle Preparation
 
I The procedures for preparation of the sample as given in parts 4.1.1 
 thru 4.1.3 of the 

Atomic Absorption Methods section of this manual should be followed including the
addition of sufficient 1:1 HCi to dissolve the digested residue for the analysis of
suspended or total antimony. The sample solutions used for analysis should contain 2% 
(v/v) HNO,. 

,.bWriment Parameters (General) 
I. 	 Drying Time and Temp: 30sec-125"C 
2. 	 Ashing Time and Temp: 30sec-800°C.
 
. Atomizing Time and Temp: 10sec-2700"C.
 

4. 	 Purge Gas Atmosphere: Argon 
5. 	 Wavelength: 2 17 .6nm 
6. 	 Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

1 Procedure
 
*
I. 	 For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the

Atomic Absorption Methods section of this manual. 
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Notes i. I he above concentration values and instrument conditions are for aPerkin-Elmer HGA

2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic 

graphite. Smaller size furnace devices or those employing faster rates of atomization can 

be operated using lower atomization temperatures for shorter time periods than the 

above recommended settings. 
The use of background correction isrecommended.2. 

3. Nitrogen may zlso be used as the purge gas. 
problem or causes a loss previous to 

4. If chloride conceptration presents a matrix 

atomization, add an excess of 5mg of ammonium nitrate to the furnace and ash using a 

ramp accessory or with incremental steps until the recommended ashing temperature u 

reached.
 
For every sample matrix analyzed, verification is necessary to determine that method o(


5. 
part 5.2.1 of the Atomic Absorption Methods

standard addition is not requircd (see 


section of this manual).
 

6. If method of standard addition is required, follow the procedure given earlier in part 8.5 

of the Atomic Absorption Methods section of this manual.
 

Data to be entered into STORET must be reported as ug/ 1.
7. 

Precision and Accuracy 

I. Precision and accuracy data are not available at this time. 



ARSENIC
 

Method 206.2 (Atomic Absorption, furnace technique)
 

STORET NO. Total 01002 
Dissolved 01000 
Suspended 01001


Optimum Concentration Range: 5-100 ug/1
 
Detection Limit: I ug/!
 

Preparation of Standard Solution 
1. 	 Stock solution: Dissolve 1.320 gof arsenic trioxide, As203 (analytical reagent grade) in 

100 ml of deionized distilled water containing 4gNaOH. Acidify the solution with 20 ml 
conc. HNOand dilute to I liter. I ml = I mg As (1000 mg/1). 

2. 	 Nickel Nitrate Solution, 5%: Dissolve 24.780 gof ACS reagent grade Ni(NO3)2-6H.O in 
deionized distilled water and make up to 100ml. 

3. 	 Nickel Nitrate Solution, 1%: Dilute 20 ml of the 5% nickel nitrate to 100 ml with 
deionized distilled water. 

4. 	 Working Arseri'- Solution: Prepare dilutions of the stock solutio-i to he used a
calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock 
solution, add I ml of conc. HNOJ, 2ml of 30% H20, and 2ml of the 5% nickel nitrate 
solution. Dilute to 100 ml with deionized distilled water. 

Sample Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
1. 	Transfer 100 ml of well-mixed sample to a250 ml Griffin beaker, add 2ml of 30% H202 

and sufficient conc. HNO3to result in an acid concentration of I %(v/v). Heat for Ihour 
at 95"C or until the volume isslightly less than 50 ml. 

2. 	 Cool and bring back to 50 ml with deionized distilled water. 

3. 	 Pipet 5ml of this digested solution into a 10-ml volumetric flask, add I ml of the I% 
nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample is 
now ready for injection into the furnace. 

Approved for NPDES and SDWA 
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NOTE: If solubilization or digestion is not required, adjust the HNO 3 concentration of 
the sample to 1% (v/v) and add 2 ml of 30%H 20, and 2 ml of 5% nickel nitrate to each 
100 ml of sample. The volume of the calibration standard should be adjusted with 
deionized distilled water to match the volume change of the sample. 

Instrument Parameters (General) 
I. 	 Drying Time and Temp: 30 sec-125"C. 
2. 	 Ashing Time and Temp: 30 sec-I100"C. 
3. 	 Atomizing Time and Temp: 10 sec-2700"C. 
4. 	 Purge Gas Atmosphere: Argon 
5. 	Wavielength: 193.7 nm 
6. 	 Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
I. 	 For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
. The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100. based on the use of a 20 ul injection, purge gas interrupt and non-pyrolytic
graphite canSmaller size furnace devices or those employing faster rates of atomization 
be operated using lower atomazaton temperatures for shorter time periods than the 
above recommended settings. 

2. 	 The use of background correction is recommended. 
3. 	 For every sample matrix analyzed, verification is necessary to determine that method of 

standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 

4. 	 If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 

5. 	 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

6. 	 Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
I. 	 In a single laboratory (EMSL), using a mixed industrial-domestic waste :fluent 

containing 15 ugl and spiked with concentrations of 2, 10 and 25 ug/l, recoveries of 
85%, 90% and 88% were obtained respectively. The relative standard deviation at these 
concentrationslevels were :18.8%, ±.2%. i5.4%and 18. 7 %, respectively. 

2. 	 In a single laboratory (EMSL), using Cincinna., Ohio tap water spiked at concentrations 
of 20, 50 and 100 ug As/I, the standard deviations were :W.7, ±1.1 and ±l.6 
respectively. Recoveries at these levels were 105%, 106% and 101%, respectively. 
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ARSENIC
 

Method 206.3 (Atomic Absorption-gaseous hydride)
 

STORET NO. Total 01002 
Dissolved 01000 
Suspended 01001
 

1. 	Scope and Application 
1.1 	 The gaseous hydride method determines inorganic arsenic when present in 

concentrations at or above 2uzg/l. The method isapplicable to drinking water and most 
fresh and saline waters inthe absence of high concentrations of chromium, cobalt, 
copper, mercury, molybdenum, nickel and silver. 

2. 	 Summary of Method 
2.1 	 Arsenic in the sample is first reduced to the trivalent form using SnCI, and converted to 

arsine, AsH,, using zinc metal. The gaseous hydride is swept into an argon-hydrogen
flame of an aomic absorption spectrophotometer. The working range of the mehod is 
2-20 ug/lI. The 193.7 nm wavelength line isused. 

3. 	 Comments 
3. l In analyzing drinking water and most surface and ground waters, interferences are rarely

encountered. Industrial waste samples should be spiked with aknown amount of arsenic 
to establish adequate recovery. 

3.2 	 Organic forms of arsenic must be converted to inorganic compounds and organic matter 
must be oxidized before beginning the analysis. The oxidation procedure given in 
Method 206.5 (Standard Methods, 14th Edition, Method 404B, p. 285, Procedure 4.a) 
has been found suitable. 

3.3 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 
section of this manual. 

3.4 	 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

3.5 	 Data to be entered into STORET must be reported as ug/l. 
4. 	 Precision and Accuracy 

4.1 	 Ten replicate solutions of o-arsenilic acid at the 5, 10 and 20 uig/I level were analyzed by 
asingle laboratory. Standard deviations were ±0.3, 	±0 9and ±1.1 with recoveries of 94,
93 and 85%, respectively. (Caldwell, J. S., Lishka, R. J., and "fcFarren, E. F.,
"Evaluation of aLow Cost Arsenic and Selenium Determination at M ogram per Liter 
Levels", JAWWA., vol 65, p 731, Nov., 1973.) 

Approved for NPDES and SDWA 
Issued 1974 

206.3-1 



5. 	 References 

5.1 	 Excep~t for the perchloric acid step, the procedure to be used for this determination is 
found in: Standard Methods for the Examination of Water and Wastewater, 14th 
Edition, p159. Method 301A(VII),(1975) 



BARIUM
 

Method 208.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 01007 
Dissolved 01005 

Suspended 01006
 

Optimum Concentration Rapge: 1-20 mg/I using a wavelength of 553.6 nm
 
Sensitivity: 0.4 mg/I
 
Detection Limit: 0.1 mg/I
 

Preparation of Standard Solution 
I. 	 Stock Solution: Dissolve 1.7787 g barium chloride (BaCl:-2HO, analytical reagent 

grade) in deionized distilled water and dilute to I liter. I ml = Inig Ba (1000mg/I).
2. 	 Potassium chloride solution: Dissolve 95 g potassium chloride, KCI, in deionized 

distilled water and make up to I liter. 
3. 	 Prepare dilutions of the stock barium solution to be used as calibration standards at the 

time of analysis. To each 100 ml of standard and sample alike add 2.0 ml potassiurn
chloride solution. The calibration standards should be prepared using the same type of 
acid and the same concentration as will result in the sample to be analyzed either directly 
or after processing. 

Sample Preservation 
1. 	 For sample handfirg and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
1. 	 The procedures for preparation of the sample as given in parts 4. 1.1 through 4.1.4 of the 

Atomic Absorption Methods section of this manual have been found to be satisfactory. 

Instrumental Parameters (General) 
I. 	 Barium hollow cathode lamp 
2. 	 Wavelength: 553.6 nm 
3. 	 Fuel: Acetylene 
4. 	 Oxidant: Nitrous oxide 
5. 	 Type of flame: Fuel rich 
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Analysis Procedure 
1. 	 For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atomic 

Absorption Methods section of this manual. 

Interferences 
I. 	 The use of a nitrous oxide-acetylene flame virtually eliminates chemical interference; 

however, barium is easily ionized in this flame and potassium must be added (1000 mg/i) 
to standards and samples alike to control tiis effect. 

2. 	 If the nitrous oxide flame is not available and acetylene-air is used, phosphate, silicon and 

aluminum will severely depress the barium absorbance. This may be overcome by the 

addition of 2000 mg/I lanthanum. 

Notes 
I. 	 Data to be entered into STORET must be reported as ugl. 
2. 	 For concentrati ins of barium below 0.2 mg/I. the furnace procedure (Method 208.2) is 

recommended. 

3. 	 For quality control requirements and optional recommendations for use in drinking 
ater analyses, see part 10 of the Atomic Absorption Methods section of this manual.%% 

Precision and Accuracy 
I. 	 I-, a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at 

concentrations of 0.40 and 2.0 mg Ba/l, the standard deviations were 10.043 
and :0 13, respectively. Recovereis at these levels were 94% and 113%, respectively. 

2 	 In aioumid-robin study reported b) Standard Methods (13th Edition, p2 15, melhod 
129A, 1971), three synthLtic samples containing barium v. ,re analyzed by 13 
laboratories. At cuncentrations of 500, 1000 and 5000 ug Ba/l, the reported standard 
deviations were 0 0, 189 and :185 ug, respectively. The relative error at these 
concentrations was 8.6%, 2.7% and 1.4%, respectively. 
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Method 208.2 (Atomic Absorption, furnace technique) 

STORET NO. 01097 
Dissolved 01005 
Suspended 01006
 

ptIlmum Concentration Range: 10-200 ug/l
 
Ntection Limit: 2 ug/1
 

tITpration of Standard Solution 
I.	 Stock solution: Prepare as described under "direct aspiration method". 

,-	 2. Prepare dilutions of the stock solution to be used as calibration standards at the time of 
analysis. These solutions are also to used for "standard additions". 

3. 	 The calibration standard should be diluted to contain 0.5% (v/v) HNO]. 

$ample Preservation 
. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Uample Preparation 
1. 	 Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HNO,-. 

t6atrument 	Parameters (General) 
1. 	 Drying Time and Temp: 30sec-125"C. 
2. 	 Ashing Time and Temp: 30 sec-1200°C. 
3. 	 Atomizing Time and Temp: 10 sec-2800*C. 
4. 	 Purge Gas Atmosphere: Argon 
5. 	 Wavelength: 553.6nm 
6. 	 Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

,.lAYsls Procedure 
I 	 . For the analysis procedure and the calculation, see "Furnace Procdure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
I. 	 The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100, based on the use of a 20 ul injection, continuous flow purge gas and pyrolytic 
graphite. 
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2. 	 The use of halide acid should be avoided. 
3. 	 Because of possible chemical interaction, nitrogen should not be used as apurge gas. 
4. 	 For every sample matrix analyzed, verification is necessary to determine that method of 

standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 

5. 	 If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 

6. 	 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

7. 	 Data to be entered into STORET must be reported as ugil. 

Precision and Accuracy 
I. 	 In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations 

of 500 and 1000 ug Ba/l, the standard deviations were i2.5 and 12.2 ug, respectively. 
Recoveries at these levels were 96% and 102%, respectively A dilution of 1:10 was 
required to bring the spikes within the analytical range of the method. 
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Method 213.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 01027 
Dissolved 01025 

Suspended 01026 

0.05-2 mg/I using a wavelength of 228.8 nmPofmum Concentration Range: 
edtlIvity: 0.025 mg/I 

Itection Limit: 0.005 mg/I 

ilparation of Standard Solution 

I. Stock Solution: Carefully weigh 2.282 g of cadmium sulfate (3CdSO,,8H 20, analytical 

reagent grade) and dissolve in deionized distilled water make up to I liter with 

deionized distilled watei I ml = I mg Cd (1000 mng I 

2. Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. The calibration standards should be prepared using the same type of acid and at 

the same concentration as will result in the sample to be analyzed either directly or after 

processing. 
,smple Preservation 

For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
!. 


section of this manual.
 

Sample Preparation 
I. The procedures for preparalion of the sample as given in parts 4. 1.1 through 4.1.4 of the
 

Atomic Absorption Methods section of this manual have been found to be satisfactory.
 

Ifatrumental Parameters (General) 

1. 	 Cadmium hollow cathode lamp 

2. 	 Wavelength: 228.8 nm 

3. 	 Fuel: Acetylene 
4. 	 Oxidant: Air 

5. 	 Type of flame: Oxidizing 

Analysis Procedure 
1. 	 For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atomic 

Absorption Methods section of this manual. 
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I. For levels of cadmium below 20 ug/l, either the Special Extraction Procedure given inPart 9.2 of the Atomic Absorption methods section as the furnace technique, Method 
213.2 is recommended. 

2. Data to be entered into STORET must be reported as ugl.
3. For quality control requirements and optional recommendations for use in drinking

water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

Precision and Accuracy
I. An interlaboratory study on trace metal analyses by atomic absorption was conducted bythe Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic

concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron, 
manganese, lead and zinc were added to natural water samples. The statistical results for 
cadmium were as follows: 

StandardNumber True Value Mean Value Deviation Accuracyof Labs ug/liter asUg/iter ug/liter % Bias 
74 7! 70 21 -2.273 78 74 1863 -5.714 16 8 11.0 19208 18 18 3 10.3 1.955 1 4 3.3 5.0 13551 2.8 2.9 2.8 4.7 
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CADMIUM 

Method 213.2 (Atomic Absorption, furnace technique) 

STORET NO. 01027 
Dissolved 01025 
Suspended 01026
 

Optimum Concentration Range: 0.5-10uig/1
 
Delection Limit: 0. Igh
 

Preparation 	of Standara Solution 
1. 	 Stock solution: Prepare as described under "direct aspiration method". 
2. 	 Ammonium Phosphate solution (40%): Dissolve 40 grams -of ammonium phosphate, 

(NH4) 2HPO 4 (analytical reagent grade) in deionized distilled waler and dilute (0 100 ml. 
3. 	 Prepare dilutions of the stock cadmium solution to be used as calibration standards at the 

time of analysis. To each 100 ml of standard and sample alike add 2.0 ml of the 
ammonium phosphate solution. The calibration standards should be prepared to contain 
0.5% (v/v) HNO3. 

Sample Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
', I. Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HNOj. 

Imtrument 	Parameters (General) 
I.I: 	 Drying Time and Temp: 30sec-125"C. 
2. 	 Ashing Time and Temp: 30 sec-500*C. 
3. Atomizing Time and Temp: 10sec-1900"C. 

. 4. Purge Gas Atmosphere: Argon 

5. 	 Wavelength: 228.8 nm 
r 	 6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

AA yisis Procedure 
I .	 For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 
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Notes 
1. 	 The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic 
graphite. Smaller sizc furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for siorter time periods than the 
above recommended settings. 

2. 	 The use of background correction is recommended. 
3. 	 Contamination from the work area is critical in cadmium anrlysis. Use of pipet tips 

which are fret of cadmium is of particular importance. (See part 5.2.9 of the Atomic 
Absorption Methods section of this manual.) 

4. 	 For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 

5. 	 If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 

6. 	 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10of the Atomic Absorption Methods section of this manual. 

7. 	 Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
. In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations 

of 2.5, 5.0 and 10.0 ug Cd/i, the standard deviations were ±0.10, t0.16 and ±0.33, 
respectively. Recoveries at these levels were 96%, 99% and 98%, respectively. 
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Method 215.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 00916 
Dissolved 00915 

Optimum Concetratron Range: 0.2-7 mg/I using a wavelength of422.7 nm 
Sensitivity: 0.08 mg/I
 
Detection Limit: 0.01 mg/I
 

Preparation of Standard Solution 
I. 	 Stock Solution: Suspend 1.250 g of'CaCO, (analytical reagent grade), dried at 180*C for I 

hour before weighing, in deionized distilled water and dissolve cautiously with a 
minimum of dilute HCI. Dilute to 1000 ml with deionized distilled water. I ml = 0.5 
mg Ca (500 mg/I). 

2. 	 Lanthanum chloride solution: Dissolve 29 g of La,0 3, slowly and in small portions, in 
250 ml conc. HCI (Caution: Reaction is violent) and dilute to 500 ml with deionized 
distilled water. 

3. 	 Prepare dilutions of the stock calcium solutions to be used as calibration standards at the 
time of analysis. To each 10 ml volume of calibration standard and sample alike add 1.0 
ml of the lanthanum chloride solution, i.e., ?0 ml of standard or sample + 2 ml LaCI
22 ml. 

Sample Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
I. 	 For the analysis of total calcium in domestic and industrial effluents, the procedures for 

the determination of total metals as given in parts 4.1.3 and 4.1.4 of the Atomic 
Absorption Methods section of this manual have been found to be satisfactory. 

2. 	 For ambient waters, a representative aliquot of a well-mixed sample may be used directly 
for analysis. If suspended solids are present in sufficient amounts to clog the nebulizer, 
the sample may be allowed to settle and the supernatant liquid analyzed directly. 

Instrumental Parameters (General) 
I. 	 Calcium hollow cathode lamp 
2. 	 Wavelength: 422.7 nm 
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3. 	 Fuel: Acetylene 
4. 	 Oxidant: Air 
5. 	 Type of flame: Reducing 

Analysis Procedure 
. For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atomic 

Absorption Methods section of this manual. 

Notes 
I. 	 Phosphate, sulfate and aluminum interfere but are masked by the addition of lanthanum. 

Since low calcium values result if the pH of the sample is above 7, both standards and 
samples are prepared in dilute hydrochloric acid solution. Concentrations of magnesium 
greater than 1000 mg/I also cause low calcium values. Concentrations of up to 500 mg/I
each oi sodium, potassium and nitrate cause no interference. 

2. 	 Anionic chemical interferences can be expected if lanthanum is not used in samples and 
standards. 

3. 	 The nitrous oxide-acetylene flame will provide two to five times greater sensitivity and 
freedom from chemical interferences. Ionization interferences should be controlled by
adding a large amount of alkali to -he sample and standards. The analysis appears to be 
free from chemical suppressions in the nitrous oxide-acetylene flame. (Atomic 
Absorption Newsletter 14, 29 [1975]).

4. 	 The 239.9 nm line may also be used. This line has a relative sensitivity of 120. 
5. 	 Data to be entered into STORET must be reported as mg/l.
6. 	 The EDTA titrimetric method may also be used (Standard Methods, 14th 	Edition, p 

189). 

Precision and Accuracy 
I. 	 In a single laboratory (EMSL), using distilled water spiked at concentrations of 9.0 and 

36 mgCa/l, the standard deviations were ±0.3 and :tO.6, respectively. Recoveries at 
both these levels were 99%. 

215.1-2 -,. 



CHROMIUM 

Method 218.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 01034 
Dissolved 01030 
Suspended 01031
 

Optimum Cuncentration Range' 0.5-M0 mg/i using a wavelength of 357.9 nm
 
Sensitivity: 0.25 mg/I
 
Detection Limit: 0.05 mg/1
 

Preparation of Standard Solution 
I. 	 Stock Solution: Dissolve 1.923 g ofchromitim trioxide (CrOj, reagent grade) in deionized 

distilled water. When solution is complete, acidify with redistilled HNOj and dilute to 1 
liter with deionized distilled water. Iml = Img Cr (1000 mg/l). 

2. 	 Prepare dilutions of the stock solution to be used as calibration standards at the time of 
analysis. The calibration standards should be prepared using the same type of acid and at 
the same concentration as will result in the sample to be analyzed either directly or after 
processing. 

Sample Preservtion 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
I. 	 The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the 

Atomic Absorption Methods section of this manual have been found to be satisfactory. 

Instrumental Parameters (General) 
I. 	Chromium hollow cathode lamp 
2. 	 Wavelength: 357.9 nm 
3. 	 Fuel: Acetylene 
4. 	 Oxidant: Nitrous oxide 
5. 	 Type of flame: Fuel rich 

Analysis Procedure 
I. 	 For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atomic 

Absorption Methods section of this manual. 
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Notes 
I. 	 The following wavelengths may also be used: 

359.3 nrm Relative Sensitivity 1.4 
425.4 nm Relative Sensitivity 2 
427.5 nm Relative Sensitivity 3 
428.9 nrm Relative Sensitivity 4 

2. 	 The fuel rich air-acetylene flame provides greater sensitivity but is subject to chemical 
and matrix interference from iron, nickel, and other metals. If the analysis is perforned 
in a lean flame th. interference can be lessened but the sensitivity will also be reduced. 

3. 	 The suppression of both Cr (Ill) and Cr (VI) absorption by most interfering ions in fuel 
rich air-acetylene flames is rtportedly controlled by the addition of 1% ammonium 
bii'uoride in 0.2% sodium sulfate [Talanta 20, 631 (1973)]. A 1% oxine solution is also 
reported to be useful. 

4. 	 For levels of chromium between 50 and 200 ug/l where the air-acetylene flame can not 
be used or for levels below 50 ug/l, either the furnace procedure or the extraction 
procedure is recommended. See Method 218.2 for the furnace procedure and Method 
218.3 for the chelation-extraction procedure. 

5. 	 For quality control requirements and optional recommendations for use in drinking 
water aralyses, see part 10 of the Atomic Absorption Methods section of khis manua!. 

6. 	 Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
I. 	 An interlaboratory study on trace metal analyses by atomic absorption was conducted by 

the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic 
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron, 
manganese, lead and zinc were added to natural water samples. The statistical results for 
chromium were as follows: 

Standard 
Number True Values Mean Value Deviation Accuracy as 
of Labs ".'aler ug/liter 	 ug/liter % Bias 

74 370 353 105 	 -4.5 
76 407 380 128 -6.5
 
72 74 72 
 29 	 -3.1
70 93 	 3584 	 -10.2 
47 7.4 10.2 7.8 37.7
 
47 15.0 16.0 9.0 6.8
 



CHROMIUNM 

Method 218.2 (Atomic Absorption, furnace technique) 

STORET NO. 01034 
Dissolved 01030 
Suspended 01031
 

Optimum Concentration Range: 5-100 ug/!
 
Detection Limit: I ug/l
 

Preparotion of Standard Solution 
I. 	 Stock solution: Prepare as described under "direct aspiration method". 
2. 	 Calcium Nitrate Solution: Dissolve 11.8 grams of calcium nitrate, Ca(NO3) 2 41120 

(analytical reogent grade) in deionized distilled water and dilute to 100 ml. I ml = 20 mg 
Ca. 

3. 	 Prepare dilutions of the stock chromium solution to be used as calibration standards at 
the time of analysis. The calibration standards should be prepared to contain 0.5% (v/v) 
HNO. To each 100 ml of standard and sample alike, add I ml of 30% H20, and I ml of 
the calcium nitrate solution. 

Sample Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

sec ion of this nianUal. 

Sample Preparation 
I. 	 Prepare as described und.r "direct aspiration method". Sample solutions for analysis 

should contain 0.5% v/v HNO,. 

Instrument Parnmeters (General) 
I. 	 Drying Time and Temp: 30 sec-1 25'C. 
2. 	 Ashing Time and Temp: 30 sec- 1000°C. 
3. 	 Atomizing Time and Temp: 10 sec-2700"C. 
4. 	 Purge Gas Atmosphere: Argon 
5. 	 Wavelength: 357.9 nm 
6. 	 Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
I. 	 For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Approved for NPDES and SDWA 
Issued 1978 

218.2-1 



Notes 
I. 	 The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100, based on the use of a 20 ul injecton, continuous flow purge gas and non-pyrolytic 
graphite. 

2. 	 Hydrogen peroxide is added to the acidified solution to convert all chromium to the 
trivalent state. Calcium is added to a level above 200 mg/I where its suppressive effect 
becomes constant up to 1000 mg/l. 

3. 	 Background correction may be required if the sample contains high dissolved solids. 
4. 	 Nitrogen should not be used as a purge gas because of possible CN band interference. 
5. 	 Pipet tips have been iepui ted to be a possible source of contamination. (See part 5.2.9 of 

the Atomic Absorption Methods section of this manual.) 
6. 	 For every sample matrix analyzed, verification is necessary to determine that method of 

standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 

7. 	 If method of standard addition is required, follow the procedure given earlier in part 8.5 
of ,he Atomic Absorption Methods sectiou of this manual. 

8. 	 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

9. 	 Data to be entered into STORET must be reported as ugil. 

Precision and Accuracy 
I. 	 In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations 

of 19, 48, and 77 ug Cr/l, the standard deviations were ±0.1, 10.2, and ±0.8, 
respectively. Recoveries at these levels were 97%, 101%, and 102%, respectively. 



COBALT
 
Method 219.1 (Atomic Absorption, direct aspiration)
 

STORET NO. Total 01037 
Dissolved 01035 
Suspended 01036
 

Optimum Concentration Range: 0.5-5 mg/I using awavelength of 240.7 nm 
Sensitivity: 0.2 mg/I 
Detection Limit: 0.05 mg/I 

Preparation of Standard Solution 
I. 	 Stock Solution: Dissolve 4.307 g of cobaltous chloride, CoCI 2o6H 20 (analytical reagent

grade), in deionized distilled water. Add 10 ml of concentrated nitric acid and dilute to I 
liter with deionized distilled water. Iml = Img Co (1000 mg/l).

2. 	 Prepare dilutions of the stock cobalt solution to be used as calibration standards at the 
time of analysis. The calibration standards should be prepared using the same type of 
acid and at the same concentration as will result in the sample to be analyzed either 
directly or after processing. 

Sample Preservation 
. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
1. 	 The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the 

Atomic Absorption Methods section of this manual have been found to be satisfactory. 

Instrumental Parameters (General) 
I. 	 Cobalt hollow cathode lamp 
2. 	 Wavelength: 240.7 nm 
3. 	 Fuel: Acetylene 
4. 	 Oxidant: Air 
5. 	 Type of Flame: Oxidizing 

Analysis Procedure 
1. 	 For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atomic 

Absorption Methods section of this manual. 
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Notes 
I. 	 For levels of cobalt below 100 ugl, either the Special Extraction Procedure, given in 

part 9.2 of the Atomic Absorption Methods section or the furnace tcchnique, Method 
219.2 is recommended. 

2. 	 Data to be entered into STORET must be reported as ugl. 

Precision and Accuracy 
1. 	 In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent at 

concentrations of 0.20, 1.0 and 5.0mg Co/l, the standard deviations were 10.013, ±0.01 
and ±0.05, respectively. Recoveries at these levels were 98%, 98%, and 97%, 
respectively. 

219.1-2
 



COBALT 

Method 219.2 (Atomic Absorptiou;, furnace technique) 

STORET NO. Total 01037 
Dissolved 01035 
Suspended 01036
 

Optimum Concentration Range: 5-100 ugl
 
Detection'Limit: I ug/
 

Preparation of Standard Solution 
1. 	 Stock solution: Prepare as described under "direct aspiration method".
2. Prepare dilutions of the stock solution to be used as c-libration standards at the time of

analysis. These solutions are also to be used for "standard additions". 
3. 	 The calibration standard should be diluted to contain 0.5% (v/v) HNOJ. 

Sample Preservation 
I. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
I. 	 Prepare as described under "direct aspiration method". Sample solutions for analysis

should contain 0.5% (v/v) HNO,. 

Instrument Parameters (General) 
I. 	 Drying Time and Temp: 30 sec-I 25°C. 
2. 	 Ashing Time and Temp: 30 sec-900°C. 
3. 	 Atomizing Time and Temp: 10 sec-2700*C. 
4. 	 Purge Gas Atmosphere: Argon 
5. 	 -Wavelength: 240.7 nm 
6. 	 Other operating parameters should be s,'t as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
I. For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
1. The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic 
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graphite. Smaller size furnace devices or those employing faster rates of atomization can 
be operated using lower atomization temperatures for shorter time periods than the 
above recommended settings. 

2. 	 The use of background correction is recommended. 
3. 	 Nitrogen may also be used as the purge gas but with reported lower sensitivity. 
4. 	 For every sample matrix analyzed, verification is necessary to determine that method of 

standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 

5. 	 If method of standard addition is required, fo!low the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 

6. 	 Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 
I. 	 Precision and accuracy data are not available at this time. 
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COPPER
 

Method 220.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 01042 
Dissolved 01040 
Suspended 01041
 

0.2-5 mg/I using a wavelength of 324.7 nmOptimum Concentration Range: 
Sensitivity: 0.1 mg/I 
Detection Limit: 0.02 mg/I 

l!eparation of Standard Solution 
Stock Solution: Carefully weigh 1.00 g of electrolyte copper (analytical reagent grade).

I. 
and make 	up to I liter with deionized distilled water.

Dissolve in 5 ml redistilled HNO 

Final concentration is Img Cu per ml (1000 mg/l).
 

Prepare dilutions of the stock solution to be used as calibration standards at the time of
 
2. 

• 	 analysis. The calibration standards should be prepared using the same type of acid and at 

the same concentration as will result in the sample to be analyzed either directly or after 

processing. 

Sample Preservation 
For sample handling and preservation, see part 4.1 of the Atomic Absorption Method&

11. 

section of this manual.
 

Sample Preparation 
The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of th-

I. 
Atomic Absorption Methods section of this manual have been found to be satisfactory. 

Instrumental Parameters (General) 
I. Copper hollow cathode lamp 
2. Wavelength: 324.7 nm 

* 3. 	 Fuel: Acetylene 
4. Oxidant: Air 
5. Type of flame: Oxidizing 

Analysis Procedure 
For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the Atoniic

I. 

Absorption Methods section of this manual.
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Notes 
1. 	 For levels of copper below 50 ug/i, either the Special Extraction Procedure, given in par 

9.2 of the Atomic Absorption Methods section or the furnace technique, Method 220.: 

is recommended. 
2. 	 Numerous absorption lines are available for the determination of copper. By selecting 

suitable absorption wavelength, copper samples may be analyzed over a very wide ran, 

of concentration. The following lines may be used: 

327.4 	nm Relative Sensitivity 2 

216.5 nm Relative Sensitivity 7 

222.5 nm Relative Sensitivity 20
 

Data to be entered into STORET must be reported as ug/l.
3. 
4. 	 The 2,9-dimethyl- 1, lO-phenanthroline colorimetric method may also be used (Standa 

Methods, 14th Edition, p. 196). 

Precision and Accuracy 
I. An interlaboratory study on trace metal analyses by atomic absorption was conducted 

Six synthe'the Quality Assurance and Laboratory Evaluation Branch of EMSL. 

concentrates containing varying levels of aluminum, cadmium, chromium, copper, irc 

manganese, lead and zinc were added to natural water samples. The statistical results f 

copper were as follows: 

Standard 
Deviation Accuracy asNumber True Values Mean Value 

of Labs ug/liter ug/liter ug/liter % Bias 

56 	 0.991 302 	 305 
-2.492 332 324 	 56 

23 	 7.086 60 	 64 
22 	 1.384 75 	 76 

6.1 	 29.766 7.5 	 9.7 
15.566 12.0 13.9 	 9.7 
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COPPER
 

Method 220.2 (Atomic Absorption, furnace technique) 

STORET NO.UILP42 
Dissolved 01040 
Suspended 01041
 

Optimum Concentration Range: 5-100 ug/I 

Detection Limit: Iug/l 

Preparation of Standard Solution 
Stock solution: Prepare as described under "direct aspiration method".1. 
Prepare dilutions of the stock solution to be used as calibration standards at the time of 

2. 
analysis. These solutions are also to be used for "standard additions". 

3. 	 The calibration standard should be diluted to contain 0.5% (v/v) HNO,. 

Sample Preservation 
see part 4.1 of the Atomic Absorption Methods

I. 	 For sample handling and preservation, 


section of this manual.
 

Sample Preparation 
I. 	 Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v)HNO3. 

Instrument Parameters (General) 
I. 	 Drying Time and Temp: 30 sec-I 250C. 

2. 	 Ashing Time and Temp: 30 sec-900*C. 

3. 	 Atomizing Time and Temp: 10 sec-2700'C. 

4. 	 Purge Gas Atmosphere: Argon 

5. 	 Wavelength: 324.7 nm 
as specified by the particular instrument

6. 	 Other operating parameters should be set 


manufacturer.
 

Anzlysis Procedure 
fthe

For the analysis procedure and the calculation. see "Furnace Procedure" part 9.3
I. 


Atomic Absorption Methods section of this manual. 

Notes 
I. 	The above concentration values and instrument condition., are for a Perkin-Elner HGA. 

2100, 	based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolotic 
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graphite. Smaller size furnace devices or those employing faster rates of atomization can 

be operated using lower atomization temperatures for shorter time periods than the 

above recommended settings. 

2. 	 Background correction may be required if the sample contains high dissolved solids. 

3. 	 Nitrogen may also be used as the purge gas. 

For every sample matrix analyzed, verification is necessary to determine that method of 
4. 	

of the Atomic Absorption Methods 
standard addition is not required (see part 5.2.1 


bection of this manual).
 

If method of standard addition is required, follow the procedure given earlier in part 8.5
 
5. 


of the Atomic Absorption Methods section of this manual.
 

6. 	 Data to be entered into STORET must be reported as ug/l. 

Precision and Accuracy 

1. 	 Precision and accuracy data are not available at this time. 
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IRON
 

Method 236.1 (Atomic Absorption, direct aspiration)
 

STORET NO. Total 01045 
Dissolved 01046 

Suspended 01044
 

0.3-5 mg/I using a wavelength of 248.3 nm
Optimum Concentration Range: 

Sensitivity: 0.12 mg/I 
Detection Limit: 0.03 mg/I 

Preparation of Standard Solution 
Stock Solution: Carefully weigh 1.000 gof pure iron wire (analytical reagent grade) and 

1. 
dissolve in 5ml redistilled HNO], warming if necessary. When solution iscomplete make 

= up to I liter with deionized distilled water. I ml I mg Fe (1000 mg/i). 

Prepare dilutions of the stock solution to be used as calibration standards at the time of
2. 

analysis. The calibration standards should be prepared using the same type of acid and at 

the same concentration as will result in the sample to be analyzed either directly or after 

processing. 

Sample Preservation 
For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods

I. 

section of this manual.
 

Sample Preparation 
thru 4.1.4 of the 

The procedures for preparation of the sample as given in parts 4.1.1
1. 

Atomic Absorption Methods section of this manual have been found to be satisfactory. 

Instrumental Parameters (General) 
I. Iron hollow cathode lamp 

2. Wavelength: 248.3 nm 

3. Fuel: Acetylene 
4. Oxidant: Air 
5. Type of flame: Oxidizing 

Analysis Procedure 
For analysis procedure and calculation, see "Direct Aspiration". part 9.1 of the Atomic

I. 

Absorption Methods section of this manual.
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Notes 
1. 	 The following lines may also be used: 

248.8 	nm Relative Sensitivity 2 

271.9 nm Relative Sensitivity 4 

302.1 	nm Relative Sensitivity 5 

252.7 	nm Relative Sensitivity 6 

372.0 nm Relative Sensitivity 10 

2. 	 Data to be reported into STORET must be reported as ugl. 
used 	(Standard Methods,method may also be

3. 	 The 1,10-phenanthroline colorimetric 


14th Edition, p. 208).
 
of iron bcow 0.05 mg/l, either the Specia' Extraction Procedure 

4. 	 Foi concentrations 
given in part 9.2 of the Atomic Absorption Methods section or the furnace procedure, 

Method 236.2, is recommended. 

Precision and Accuracy 

1. An interlaboratory study on trace metal analyses by atomic absorption was conducted by 

of EMSL. Six synthetic
Assurance and Laboratory Evaluation Branchthe Quality 


concentrates containing v,,rying levels of aluminum, cadmium, chromium, copper, iron,
 

manganese, lead and zinc were added to natural water samples. The statistical resailts for
 

iron were as follows:
 

Stnndard 
Mean Value Deviation Accuracy

Number True Values 	
as 

% Bias 
Of Labs ug/liter 	 ug/liter ug/liter 

1.817382 840 	 855 
-2.8
17S68085 700 --5


78 350 348 131 	
-0.718379 438 	 435 

141!18 	 6957 	 24 38248 	 6954 	 10 
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IRON 
furnace technique)(Atomic Absorption,Method 236.2 

STORET NO. Total 01045 
Dissolved 01046 

Suspended 01044 

5-100 ug/I
Optimum Concentration Range: 

I ug/1Detection Limit: 

Preparation of Standard Solution 

Stock Solution: Prepare as described under "direct aspiration method". 
1. 

Prepare dilJtions of the stock solution to be used as calibration standards at the time of 

2. 
analysis. These solutions are also to be used for "standard additions". 

3. The calibration standard should be diluted to contain 0.5% (v/v) HNO. 

Sample Preservation 
part 4.1 of the Atomic Absorption Method.s 

For sample handling and preservation, see
1. 

section of this manual. 

Sample Preparation 
I. Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HNO3. 

Instrument Parameters (General) 

Drying Time and Temp: 30 sec-125*C.I. 
Ashing Time and Temp: 30 sec-1000*C.2. 
Atomizing Time and Temp: 10 sec-2700"C.

3. 
4. Purge Gas Atmosphere: Argon 

5. Wavelength: 248.3 nm 
specified by the particular instrunu-'lt

be set as
Other operating parameters should6. 
manufacturer. 

Analysis Procedure .3 ri'ti 
For 'lie analysis procedure and the calculation, see "Furnace Procedure" part 

I. 
Atomic Absorption Methods section of this manual. 

Notes 
The :,b:,ve concentration values and instrument conditions are for a Perkin-Elmer l1i'A 

I. 
injection, continuous flow purge gas and non-pyr)Wivtk 

2100. based on the use of a20 uI 
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graphite. Smaller size furnace devices or those employing faster rates of atomization can 

than the 
using 	lower atomization temperatures for shorter time periods 

be operated 

above recommended settings.
 

The use of background correction is recommended.

2. 
3. 	 Nitrogen may also be used as the purge gas. 

For every sample matrix analyzed, verification is necessary to determine that method of 
4. 	 of the Atomic Absorption Methods 

standard addition is not required (see part 5.2.1 


section of this manual).
 

If method of standard addition is required, follow the procedure given earlier in part 8.5
 
5. 


of the Atomic Absorption Methods section of this manual.
 

Data to be entered into STORET must be reported as ug/l.

6. 

Precision and Accuracy 

I. 	 Precision and accuracy data are not available at this time. 
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LEAD
 

Method 239.1 (Atomic Absorption, direct aspiration)
 

STORET NO. Total 01051 
Dissolved 01049 

Suspended 01050 

1-20 mg/I using a wavelength of 283.3 nmOptimum Concentration Range: 

Sensitivity: 0.5 mg/I 

Detection Limit: 0.1 mg/I 

Ieparation of Standard Solution 
1.599 	g of lead nitrate, Pb(N0 3)2 (analytical reagent

1. 	 Stock Solution: Carefully weigh 

grade), and dissolve in deionized distilled water. When solution is complete acidify with 
= I mg10 ml redistilled HNO, and dilute to I liter with deionized distilled water. I ml 

Pb (1000 mg/I). 

Prepare dilutions of the stock solution to be used as calibration standards at the time of
2. 

analysis. The calibration standards should be prepared using the same type of acid and at 

the same concentration as will result in the sample to be analyzed either directly or after 

processing. 

&unple Preservation 
see part 4.1 of the Atomic Absorption Methods

1. 	 For sample handling and preservation, 

section of this manual. 

Sample Preparation 
as 	 thru 4.1.4 of the

The procedures for preparation of the sample given in parts 4.1.1 


Atomic Absorption Methods section of this manual have been found to be satisfactory.
 

astrumental Parameters (General) 

I. 	 Lead hollow cathode lamp 

2. 	 Wavelength: 283.3 nm 

3. 	 Fuel: Acetylene 

4. 	 Oxidant: Air 

5. 	 Type of flame: Oxidizing 

Analysis Procedure 
.! of the Atomic1. 	 For analysis procedure and calculation, see "Direct Aspiration". part 


Absorption Methods section of this manual.
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Notes 
1. 	 The analysis of this metal is exceptionally sensitive to turbulence and absorption bands in 

the flame. Therefore, some care should be taken to position the light beam in the most 
naximiz...stable, center portion of the flame. To do this, first adjust the burner to 

absorbance reading with a lead standard. Then, aspirate a water blank and make minute 

adjustments in the burner alignment to minimize the signal. 

For levels of lead below 200 ugl, either the Special Extraction Procedure given in part2. 
9.2 of the Atomic Absorption Methods section or the furnace technique, Method 239.2, 

is recommended. 
3. 	 The following lines may also be used: 

217.0 nm Relative Sensitivity 0.4 

261.4 nm Relative Sensitivity 10 

4. 	 For quality control requirements and optional recommendations for use in drinking 

water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

Data to be entered into STORET must be reported as ug/ 1.5. 

Precision and Accuracy 
1. An interlaboratory study on trace metal analyses by atomic absorption was conducted by 

Six syntheticthe Quality Assurance and Laboratory Evaluation Branch of EMSL. 


concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron.
 

manganese, lead and zinc were added to natural water samples. The statistical results for
 

lead were as follows:
 

Standard 
Value Deviation .AcL:uracv as

Number True Values Mean 
of Labs ug/liter ug/liter ug/liter _ Bias 

128 	 2.')

74 367 	 377 


I1I 	 1.8
74 334 	 340 

46 	 --0.264 101 	 101 

1.185 	 4064 	 84 
9.b
41 	 25
61 	 37 


22 	 25.7
31
60 	 25 
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LEAD 

furnace technique)(Atomic Absorption,Method 239.2 

01051STORET NO. Total 
Dissolved 01049 

Suspended 01050
 

5-100 ugl-VimumConcentration Range: 
I ug/l)etection Limit: 

?reparation of Standard Solution 

Stock solution: Prepare as described under "direct aspiration method". 
1. 100 ml 

Lanthanum Nitrate Solution: Dissolve 58.64 g of ACS reagent grade La,O, in 
* 2. 

conc. HNO 3and dilute to 1000 ml with deionized distilled water. 	I ml = 50 mg La. 

solution to be used as 
Working Lead Solution: Prepare dilutions of the stock lead 

3. 
calibration standards at the time of analysis. Each calibration standard should coniain 

10 ml 	of the lanthanum
100 ml of diluted standard add 

0.5% (v/v) HN03. To each 


nitrate solution.
 

Sample Preservation 
see part 4.1 of the Atomic Absorption Methods 

For sample handling and preservation,I. 
section of this manual. 

!ample Preparation 
I. Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HNO.,. 

To each 100 ml of prepared sample solution add 10 ml of the lanthanum nitrate solution. 
2. 

Instrument Parameters (General) 

Drying Time and Temp: 3U sec-125*C.I. 

Ashing Time and Temp: 30 sec-500°C.
2. °C.3. 	 Atomizing Time and Temp: 10 sec-2700 

4. 	 Purge Gas Atmosphere: Argon
 

Wavelength: 283.3 nm
5. 	
set as specified by the particular instrument 

6. 	 Other operating parameters should be 

manufacturer. 

Analysis Procedure 
For the analysis procedure in the calculation see "Furnace Procedure". par. 0.3 oi the 

I. 
Atomic Absorption Methods section of this manual. 

Approved for NPDES and SDWA
 

,Issued 1978
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NotesI. The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100, based on the use of a 20 U1 injection, continuous flow purge gas and non-pyrolytic 

graphite. Smaller size furnace devices or those employing faster rates of atomization can 

be operated using lower atomization temperatures for shorter time periods than the 

above recommended settings. 

The use of background correction isrecommended.2. 	 optimum3. 	 Greater sensitivity can be achieved using the 217.0 nm line, but the 

concentration range isreduced. The use of a lead electrodeless discharge lamp at this 

a lower atomizationAlso
has been found to be advantageous.

lower wavelength 
temperature (2400-C) may be preferred. 

To suppress sulfate interference (up to 1500 ppm) lanthanum is added as the nitrate to 
4. 

both samples and calibration standards. (Atomic Absorption Newsletter Vol. 15, No. 3,
 

p 7 l, May-June 1976.)
 

Since glassware contamination isasevere problem in lead analysis, all glassware should
 
not be open to the5. 	 once cleaned, shoulduse, and

be cleaned immediately prior to 

atmosphere excep' when necessary. 

For every sample matrix analyzed, verification isnecessary to determine that method of 

6. 	
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 

section of this manual).	 use in drinking 
For quality control requirements and optional recommendations for 

7. 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

If method of standard addition is required, follow the procedure given earlier in part 8.5 
8. 


of the Atomic Absorption Methods section of this manual.
 

Data to be entered into STORET must be reported as ugl 1. 
9. 

in asingle laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrationPrecision and Accuracy 
I. 	 were ±.1.3, 1.6, and T3.7 

the standard deviations 
of 25, 50, and 100 ug Pb/l, 


respectively. Recoveries at these levels were 88%, 92%, and 95% respectively.
 

(
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MAGNESIUM 
(Atomic Absorption, direct aspiration)

Method 242.1 

Total 00927STORET NO. 
Dissolved 00925 

Suspended 00926
 

0.02-0.5 mg/1I using a wavelength of 285.2 nrm 
Optimum Concentration Range: 

Sensitivity: 0.007 mg/I 
0.001 mg/IDetection Limit: 

Preparation of Standard Solution 
Stock Solution: Dissolve 0.829 gof magnesium oxide, MgO (analytical reagent grade). in 

I. = 0.50 
t0 ml of redistilled HNO 3and dilute to I liter with deionized distilled water. I ml 

mg Mg (500 mg/1). 

Lanthanum chloride solution: Dissolve 29 gof La:O3, slowly and in small portions ill 250 
2. 

ml conc. HCI, (Caution: Reaction is violent), and dilute to 500 ml with deionized distilled 

water. 
Prepare dilutions of the stock magnesium solution to be used as calibration standards at 

3. 
the time of analysis. To each 10 ml volume of calibration standard and sample alike add 

+ 2ml LaCI, 
1.0 ml of the lanthanum chloride solution, i.e., 20 ml of standard or sample 

= 22 mi. 

Sample Preservation 
For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

I. 
section of this manual. 

Sample Preparation 
For the analysis of total magnesium in domestic and industrial effluents, the procedures 

1. 
 given in parts 4.1.3 and 4.1.4 of the Atomic 
as

for the determination of total metals 

Absorption Methods section of this manual have been found to be satisfactory. 

For ambient waters, a representative aliquot of awell-mixed sample may be used directly 
2. 

for analysis. If suspended solids are present in sufficient amounts to clog the nebulizet. 

the sample may be allowed to settle and the supernatant liquid analyzed directly. 
of collectinn. 

Samples should be preserved with (:1) nitric acid to a pH of 2at the timr. 
3. 

Instrumental Parameters (General) 

1. Magnesium hollow cathode lamp 

2. Wavelength: 285.2 nm 

Approved for NPDES 

Issued 1971
 
1974 and 1978
Editorial revision 
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3. 	 Fuel: Acetylene 
4. 	 Oxidant: Air 

5. 	 Type of flame: Oxidizing 

Notes 
I. 	 The interference caused by aluminum at concentrations greater than 2 mg/I is masked 

by addition of lanthanum. Sodium, potassium and calcium cause no interference at 

concentrations less than 400 mg/l. 

2. 	 The following line may also be used: 

202.5 nm Relative Sensitivity 25 

3. 	 To cover the ra'.ge of magnesium values normally observed in surface waters (0.1-20 

mg/I), it is suggested that either the 202.5 nm line be used or the burner head be rotated. 

A 90" rotation of the burner head will produce approximately one-eighth the normal 

sensitivity. 
4. 	 Data to be entered into STORET must be reported as mg/i. 

5. 	 The gravimetric method may also be used (Standard Methods, 14th Edition, p 221). 

Precision and Accuracy 
I. 	 In a single laboratory (EMSL), using distilled water spiked at concentrations of 2.1 and 

8.2 mg Mg/I the standard deviations were t0.1 and ,0.2, respectively. Recoveries at 

both of these levels were 100%. 
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MANGANESE 

Method 243.1 (Atomic Absorption, direct aspiration) 

STORET NO. Total 01055 
Dissolved 01056 

Suspended 01054
 

Optimum Concentration Range: 0.1-3 mg/I using a wavelength of 279.5 nm 

Sensitivity: 0.05 mg/I 
Detection Limit: 0.01 mg/ 

Preparatior of Standard Solution 
Stock Solution: Carefully weigh 1.000 g of manganese metal (analytical reagent grade)I. 
and dissolve in 10 ml of redistilled HN0 3. When solution is complete, dilute to I liter 

with l% (V/V) HCI. I ml = lmgMn(1000mg/l) 

2. 	 Prepare dilutions of the stock solution to be used as calibration standards at the time of 

analysis. The calibration standards should be prepared using the same type of acid and at 

the same concentration as will result in the sample to be analyzed either directly or after 

processing. 

Sample Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
given 	in parts 4.1.1 thru 4.1.4 of the1. 	 The procedures for preparation of the sample as 


Atomic Absorption Methods section of this manual have been found to be satisfactory.
 

Instrumental Parameters (General) 
I. 	 Manganese hollow cathode lamp 
2. 	 Wavelength: 279.5 nm 
3. 	 Fuel: Acetylene 
4. 	 Oxidant: Air 
5. 	 Type of flame: Oxidizing 

Analysis Procedure 
I. 	 For analysis procedure and calculation, see "Direct Aspiration", part q.I of the Atomic 

Absorption Methods section of this manual. 

Approved for NPDES 
Issued 1971 
Editorial revision 1974 and 1978 
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Notes 
either the furnace procedure, Method 243.2, or 

.	 For levels of manganese below 25 ug/1l, 

the Special Extraction Procedure given in part 9.2 of the Atomic Absorption Methods 

section is recommended. The extraction is carried out at a pH of 4.5 to 5. The manganese 

chelate is very unstable and the analysis must be made without delay to prevent its re

solution in the aqueous phase. 

2. 	 The following line may also be used: 

403.1 nm Relative Sensitivity 10.
 

Data to be entered into STORET must be reported as uglI.
3. 
14th 	Edition,

4. 	 The persufate colorimetric method may also be used (Standard Methods, 


p 225).
 

Precision and Accuracy 

1. An interlaboratory study on trace metal analyses by atomic absorption was conducted by 

Six synthetic
the Quality Assurance and Laboratory Evaluation Branch of EMSL. 


concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,'
 

manganese, lead and zinc were added to natural water samples. The statistical results for
 

manganese were as follows:
 

Standard 
Mean Value Deviation Accuracy as

Number True Values % Bias
of Labs ug/liter ug/liter 	 ug/liter 

70 	 1.577 426 	 432 
97 	 1.278 469 	 474 
26 	 2.171 84 	 86 

70 106 104 	 31 -2.1
 
27 93
55 i! 	 21 

21 20 	 2255 	 17 
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MANGANESE 

Method 243.2 (Atomic Absorption, furnace technique) 

STORET NO. Total 01055 
Dissolved 01056 

Suspended 01054 

Optimum Concentration Range: 1-30 ug/! 

Detection Limit: 0.2 ugl 

Preparation of Standard Solution 
Stock solution: Prepare as described under "direct aspiration method".1. 
Prepare dilutions of the stock solution to be used as calibration standards at the time of

2. 
analysis. These solutions are also to be used for "standard additions". 

3. 	 The calibration standard should be diluted to contain 0.5% (v/v) HNO,. 

Sample Preservation 
I. 	 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
I. 	 Prepare as described under "direct aspiration method". Sample solutions for analysis 

should contain 0.5% (v/v) HNO3. 

Instrument Parameters (General) 
1. 	 Drying Time and Temp: 30 sec-125*C. 
2. 	 Ashing Time and Temp: 30 sec-1000C. 

3. 	 Atomizing Time and Temp: 10 sec-2700*C. 

4. 	 Purge Gas Atmosphere: Argon 
5. 	 Wavelength: 27Q.5 nm 

specified by the particular instrument6. 	 Other operating parameters should be set as 


manufacturer.
 

Analysis Procedure 
I. 	 For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
I. 	 The above concentration values and instrument conditions are for a Perkin-Elmer HGA

2100, based on the use of a20 ul injection, continuous flow purge gas and non-pyrolytic 

Approved for NPDES 
Issued 1978 
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Introduction 

In 1976. the U.S. Environmental Protection Agency entered into a Settlement 
Agreement requiring it to study and. if necessary, regulate 65 "priority" 
pollutants and classes of pollutants (1). This list was later defined to include 129 
specific "priority pollutants." In December 1977. Congress passed the Clean 
Water Act of 1977 (PL 95-217) declaring the 65 pollutants and classes of 
pollutants to be "toxic" under Section 307(a) of the Act. 

The Settlement Agreement included a rigid time schedule for the completion 
of industrial wastewater analytical surveys and promulgation of effluent 
guidelines. To provide the Effluent Guidelines Division of USEPA with a means 
of measuring the concentration of pollutants in these wastewaters, the USEPA's 
Environmental Monitoring and Support Laboratory in Cincinnati, and the 
Environmental Research Laboratory in Athens, Georgia, collaborated on a 
research project that resulted in an analytical protocol (2) that was successfully 
applied to a variety of wastewaters. The gas chromatography/mass spectrometry 
(GC/MS) procedures in that protocol for the measurement of organic pollutants 
were the forerunners of methods 624 and 625 that appear in this manual. 

In a parallel research project, the Environmental Monitoring and Support 
Laboratory in Cincinnati, through a series of research contract and in-house 
activities, undertook a systematic study of the analytical behavior of each of the 
individual classes of organic compounds to identify or develop non-MS 
approaches that could be used for routine monitoring of regulated discharges. 
This approach was pursued to minimize the requirements for expensive mass 
spectrometer equipment and the skilled operators required to use it. The 
resulting test procedures were identified as methods 601 through 612 and were 
first published in early 1979. along with a GC/MS method for the measurement 
of TCDD (3.4). 

All fifteen of the test procedures discussed above were proposed as 
amendments to the "Guidelines Establishing Test Procedures for the Analyses of 
Pollutants" (40 CFR. Part 136) in December 3, 1979 (5). These guidelines are 
required by Section 304(h) of the Clean Water Act. As a result of public comment 
from over 200 respondents, extensive editorial revisions were made to the 
methods. The majority of the rewsions were made either for clarification or to 
add additional flexibility for the analyst. These revised methods constitute the 
body of this methods manual. 

The methods contained herin represent an effort to provide procedures that 
are as uniform and cost-effective as practical for a wide cross-section of 
chemical compound classes. Due to the variable chemical and physical 
propertes of the parameters under study, some compromises were made. 
Therefore. in some of the methods, the extraction procedures, cleanup 
procedures, and determinative steps are not optimum for all parameters. 

A distribution list will be established for this manual. The list will be prepared 
from ,he distribution record cards that accompany this package. Future revisions 
of existing methods'and the addition of new methods will only be sent to 
individuals who return those record cards. Correspondence on these methods is 
invited. 

References 

1. 	 Natural Resources Defense Council, Inc., e2 al.. v. Train, 8 ERC 2120 (D.D.C. 
1976), modified 12 ERC 1883 (D.D.C. 1979). 

2. 	 "Sampling and Analysis Procedures for Screening of Industrial Effluents for 
Priority Pollutants." March 1977 (revised, April 1977). U.S. Environmental 
Protection Agency, Effluent Guidelines Jivision, Washington. D.C. 20460. 

3. 	 "Methods for Organic Compounds in Municipal and Industrial Wastewater." 
March 1979, U.S. Environmental Protection Agency. Environmental
 
Monitoring and Support Laboratory. Cincinnati, Ohio 45268.
 

4. 	 "Methods for Organic Compounds in Municipal and Industrial Wastewater," 
April 1979, U.S. Environmental Protection Agency, Environmental 
Monitoring and Support Laboratory, Cincinnati, Ohio 45268. 

5. 	 Guidelines Establishing Test Procedures for the Analysis of Pollutants;
Proposed Regulations, 40 Code of Federal Regulations (CFR). Part 136, 
Published in Federal Register, 44.69464. 
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Approved TestProcedures for.
 
Organic Chemicals ..
 

of 40 Code of Feddral Regulations catps approved f1a-Section 136 31a 
procedures through the use of five subtables: 

Table 1A - Biological parameters
 
Table 1B - Inorganic and physicaepbrikhetes
 
Table 1C - Organic chemicai-pa4ameters
 
Table 1D - Pesticide parameters
 
Table 1E - Radiological parameters'
 

The test procedures in this inknualiare cited in Tables 1C and 1 D. These 

tables have been reproduced hefe;forthe convenience of f;h ueer. 

Vi 



40 C.F.R. Pan 136, § 136.3 

Table 1C. List of approved test procedures for organic compounds 

EPA Method 
Number2 

Parameter' GC GC/MS 	 HPLC Other 

I Acenaphthene 610 625 	 610 
2. Acenaphthalene 610 625 610
 
3 Acrolein 603 624'
 
4. Acrylontrde 	 603 6244 
5. Anthracene 610 625 	 610 
6. Benzene 	 602 624 
7. 	Benzdine 625S 605 Note 3. p. 1; 

Note 6. p. S48 
8. 8enzo(a)anthracene 610 625 610
 
9 Benzota)pyrene 610 625 610
 

10. Benzotbliluoranthene 610 625 610 
77 Benzo(ghojperylene 610 625 610 
12. BenzotkJfluoranthone 610 625 	 610 
13. Benzy/ Chloride ... 	 Note 3. p. 130; 

Note 6. p.S102 
74 Benzyl Butyl Phthalate 606 625 
15 Bs(2.chloroethyl) ether 611 625 
16. Bis(2-chloroethoxy) methane 611 625 . 
17 Bis(2.chloroisopropyl) ether 611 625 
18 Bis(2-eth y/hex yi) phthalate 606 625 
19 Bromodichloromethane 601 624 
20. Bromofcrm 	 601 624 
21. Bromoetihane 	 601 624 
22. 4-Bromophenylphenyl ether 611 625 	 . 
23. 	Carbon tetrachloride 601 624 Note 3. p. 130; 

Note 6, p.S702 
24. 4.Chloro-3.methylphenol 604 	 625 
25. 	 Chlorobenzene 601,602 624 Note 3. p. 730: 

Note 6. p. 5102 
26. Chloroethane 601 624 
27 2-Chloroethylvinyl ether 601 624 
28. 	Chloroform 601 624 . . Note 3. p. 130; 

Note 6. p.S102 
29. Chloromethane 601 624 
30 2.Chloronaphthalene 612 625 
31. 2-Chlorophenol 604 	 625 
32. 4-Chlorophenylphenyl ether 611 	 625 
33. Chrysene 610 625 610 
34 Dibenzota,hjanthracene 610 625 610 
35. Dibromochloromethene 601 	 624 
36. 1.2-Dichlofobenzene 601. 602, 612 624, 625 
37. 1.3.Dichlorobenzene 601, 60Z 612 624. 625 
38. 1.4-Dichlorobenzene 6d1, 607. 612 624. 625 
39. 3.3*.Dichlorobenzidine 	 625 605 
40. Dichlorodifluoromethane 601 	 ... 

41. 1. 1 -Dichloroethane 601 624 	 • 
42. 1.2-Dichloroetnane 601 	 624 
43. Dichloroethene 601 624 	 

44. trans-1.2-Dichloroethene 601 	 624 
45. 2.4-Dichlorophenol 604 	 625 
46. 1.2.Dichloropropane 601 	 624 
47. cis- 1.3.Dichloropropene 601 	 624 
48. trans- 1.3-Dichoropropene 601 	 624 
49. Diethyl phthalate 606 	 625 
50. 2.4-Dimethylphenol 604 	 625 
5 7. Dimethyl phthalate 606 	 625 
52. Di.n-butyl phthalate 606 	 625 
53. Di-n-octyl phtholate 606 	 625 
54. 2.4-Dinitrophenol 604 	 625 
55. 2.4-Dinitrotoluene 609 	 625 
56. 2.6-Dintrotoluene 609 	 625 

viii 



Table 1C. Continted 

Parameter' GC 

EPA Method 
Number2 

GC/MS HPLC Other 

57 Epichlorohydrin . Note 3. p.130; 
Note 6, p.S102 

58. Ethylbenzene 
59 Fluoranthene 
60. Fluorene 
61. Hexachlorobenzene 
62. Hexachlorobutadiene 
63. Hexachlorocyclopentadiene 
64 Hexachloroethane 
65. ldeno(I.2.3-cdipyrene 
66 Isophorone 
67 Methylene chloride 

602 
610 
610 
612 
612 
612 
612 
610 
609 
601 

624 
625 
625 
625 
625 
6255 
625 
625 
625 
624 

610 
610 
. 
... 
. 

610 

-

Note 3. p. 730; 
Note 6. p.S102 

68 2.Methyl.4.6.dinitrophenol 
69. Naphthalene 
70. Nitrobenzene 
71. 2.Ni:rophenol 
72. 4-Nitrophenol 
73. N.Nitrosodimethylamine 
74. N.Nitrosodi-n.propylamine 
75. N.Nitrosodiphenylamine 
76. PCB-1016 

77. PCB.1221 

604 
610 
609 
604 
604 
607 
607 
607 
608 

608 

625 
625 
625 
625 
625 
6255 
625 
6255 
625 

625 

. 

.... 

. 

. 

" 

" " 

Note 3. p. 43; 
Note 6. p. S78 
Note 3. p. 43: 
Note 6, p. S78 

78. PCB. 1232 

79. PCB 1242 

80. PCB.1248 

87 PCB-1254 

82. PC8. 1260 

83. Pentachlorophenol 

84. Phenanthrene 
35. Phenol 
86 Pyrene 
87. 2.3. 7.8-Tetrachloro

dibenzo.p-dioxin 
88. 1.1.2.2-Tetrachloroethane 

89. Tetrachloroethene 

608 

608 

608 

608 

608 

604 

610 
604 
610 

. . 
601 

601 

625 

625 

625 

625 

625 

625 

625 
625 
625 

613 
624 

624 

. 

. 

. 

610 

610 

... 
. . 

Note 3. p. 43: 
Note 6. p.S78 
Note 3. p. 43; 
Note 6. p. S78 
Note 3. p. 43; 
Note 6. p. S78 
Note 3. p.43: 
Note 6. p. S78 
Note 3. p. 43. 
Note 6. p. S78 
Note 3. p. 140; 
Note 6. p. S50 

Note 3. p. 130; 
Note 6. p. S702. 
Note 3. p. 130 
Note 6. p. SIOZ. 

90. Toluene 
91. 1.2.4- Trichlorobenzene 

602 
612 

624 
625 

.... 
- 3. 130;NoteNote 3. p.p. S102 

92. 1.7.11 -Trichloroethane 
93. 1.1.2. Trichloroethane 

601 
601 

624 
624 

. 

. . Note 3. p. 130;. 
Note 6. p.S102" 

94. Trichloroethene 
95. richlorofluoromethane 
96. 2.4,6- Trichlorophenol 
97. Vinyl Chloride 

601 
601 
604 
601 

624 
624 

625 
624 -

.... 
" 

" " 

ix 



Table 1C. Notes 

All arameter concentrations are expressed in micrograms per liter (jg/L). 
"Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater." USEPA. July 7982. 

3 "Methods for Benzidine. Chlorinated Organic Compounds. Pentachlorophenol and Pesticides in Water and Wastewater., 
USEPA. September 1978. 

4 Method 624 may be extended to screen samples for acrolein and acrylonitrile. However, when they are known tobe present. 
the preferred method for these two compounds is Method 603. 

5 Method 625 may be extended to include benzidine. hexachlorocyclopentadiene, N.nitrosodimethylamine.and 
N.nitrosodiphervlamine.However, when they are known to be present. Method 605. 612, 607. and 607. respectively, are 
the preferred methods for these compound. 

6"SelectedAnalyrical Methods Approved and Cited by the United States Environmental Protection Agency. "Supplement to the 

Fifteenth Edition of Standard Methods for the Examination of Water and Wastewater (1981). 

40 C.F.R. Part 136. S 136.3 

Table 1D. List of approved test procedures for pesticides. I 

Std. Methods 
EPA 2 ASTM Other 

Parameter 
(pg/Li Method 	 75th Ed 

7. Aldrin GC 608 509A 03086 Note 3. p. 7;
 
GCIMS 625 .... .... Note 4. p. 30
 
GC ... .... .... 	 Note 3. p. 83; 

Note 6. p. S68
2. Ametryn 

.... 	 Note 3. p. 94; 
Note 6. p. S16

3. Aminocarb 	 TLC ... .... 

4. 	Atraton GC ... ........ Note 3. p. 83.
 
Note 6. p. S68
 

5. Atrazine GC ....... "." 	 Note 3. p 83:
 
Note 6. p. S68 

... ........ Note 3. p. 25; 
.... Note 6, p.S51

6. Azinphos methyl 	 gc 

7. Barban TLC ...... 	 znote 3. p. 704. 
Note 6. p. S64 

509A D3086 Note 3. p. 78. c-HC 	 GC 608 
........
GC/MS 	 6255 

608 .D.. 03086
9 /3.BHC 	 GC 

625 .......
GC/MS 
GC 	 608 .... D3086

10. 6.BHC 
............ 


71 6-.HC (Lindane) GC 608 509A D3086 	 Note 3. p 7.
 
Note 4. p. 30.
 
Note 6. p. S73
 

GC/MS 	 625 

........
625GC/MS 

12. 	Captan GC ... 509A .... Note 3. p. 7
 
TLC ... .... .... Note 3. p. 94
13. 	 Carbaryl 


Note 6. p. S73
 
Note 4. p. 30; 
Note 6. p. S73 

GC 608 509A D3086 Note 3. p. 7 

14. Carbophenothion 	 GC ... ..... 

15. Chlordane 
GC/MS 	 625 ............ 

... .... Note 3. p. 104.16. Chlorpropham 	 TLC 
Note 6. p.564 

.... Note 3. p. 115: 17. 2.4-D GC ... 5098 

Note 4. p. 35
 

18. 4,4'-DDD GC 608 509A D3086 	 Note 3. p. 7: 
Note 4. p. 30 

.........GC/MS 625 
D3086 Note 3. p. 7:19. 4.4'-DDE 	 GC 608 509A 

Note 4. p. 30 
..........
GC/MS 625 


GC 608 509A 03086 Note 3. p. 7;
20. 4.4.DDT 
Note 4. p. 30 

........ 

GC -. .... .... Note 3. p. 25.
GC/MS 	 625 

27. Demeton-O 
Note 6. p. S51 



Table 1D. Continued 

Sid. MethodsParameter 
15th Ed ASTM Other(pg/L) Method EPA 

GC ..... 	 .... Note 3. p. 25.22. Demeton-S Note 6. p. S51 

GC ........ Note 3. p. 25'23. Diazinon Note 4. p. 30," 
Note 6, p. S51 

24. 	Dicamba GC ........... Note 3. p. 115 
GC ... .... .... Note 4. p. 30;

25. Dichlolenthion Note 6. p. S73 

GC ... 509A .... Note 3. 1. 7
26. Dichloran 

D3086 ....GC .......
27. Dicolol 
GC 608 509A .... Note 3. p. 7."28. Dieldrin Note 4. P. 30 

Note 6. p. S73 

625 ........
GC/MS 
GC 	 .... .... Note 4. p. 30;

29. Dioxathion Note 6. p. S73 
.... Note 3. p. 25.GC30 Disulfoton Note 6. p. S51 
.... Note 3,p. 104TLC . ..31. Diuron Note 6. p.$6 4 

GC 608 509A D3086 Note 3. p. 7
32. Endosulfan / ........
GC/MS 625S 

GC 608 509A D3086 Note 3. p. 7 
33. Endosulfan II 

625S ............
GC/MS 
GC 608 ........
 

34. Endosulfan sulfate 
............
GC/MS 625 

GC 608 509A 	 D3086 Note 3. p. 7;
35. Endrin Note 4. p. 30 

........
GC/MS 6255 

........
GC 608
36. Endrin aldehyde 

............
GC/MS 625 
GC .... .... Note 4,p. 30;

37. Ethion Note 6. p. S64 
.... Note 3. p. 104: ....
TLC38. Fenuron Note 6. p. S64 
.... Note 3. p. 104;TLC ...39. Fenuron-TCA Note 6. p. S64 

608 509A D3086 Note 3. p. 7;GC40. Heptachlor Note 4. p. 40 
....
....
....
GC/MS 625 

608 509A D3086 Note 3. p. 7:
41. Heptachlor epoxide 	 GC 

Note 4. p. 30: 
Note 6. p. S73 

............
GC/MS 625 

GC ... .... .... Note 4. p. 30 
42. Isodrin Note 6. p. S73 

.... Note 3. P. 104;TLC .......
43. Linuron Note 6. p. S64 

GC .-. 509A .... Note 3. p. 25: 
44. Malathion Note 4,p. 30 

Note 6. p. S51 

TLC 	 .... .... Note 3. p. 94;
45. Methiocarb Note 6,p. S60 

.-. 509A D3086 Note 3. p. 7;GC46. Methoxychlor Note 4. p. 30 
.... Note 3. p. 94;....
TLC ...47. Mexacarbate Note 6,p. S60 

GC .-. 509A .... Note 3. p. 7 
48. Mirex .... Note 3. p. 704;....
...
49. Monuron TLC 

Note 6. p. S54 
.... Note 3. p. 104.TLC ...40. Monuron-TCA Note 6,p. S64 

xi 



Table 1D. Continued 

Parameter Sid Methods 
(ig 'L) Method EPA 2 

75th Ed ASTM Other 

51. Neburon TLC ... ..... Note 3. p. 104: 
Note 6,p. S64 

52. 	Parathion methyl GC .. 509A .... Note 3. p. 25: 
Note 4. p. 30 

53. Parathion ethyl GC ... 509A .... 	Note 3. p. 25 
54. PCNB GC ... 509A .	 Note 3. p. 7 
55. Perthane 	 GC ... .... D3086 ... 

56. Prometon GC ... .... .... 	 Note 3. p. 83: 
Note 6. p. S68 

57. 	Prometryn GC ... .... .... Note 3. p. 83: 
Note 6. p. S68 

58. 	Propazine GC ... ........ Note 3. p. 83; 
Note 6. p. S68 

59. 	 Propham TLC ... .... .... Note 3. p. 104; 
Note 6. p. S$4 

60. 	Propoxur TLC ... .... .... Note 3. p. 94:
 
Note 6. p. S60
 

61. Secbumeton TLC ....... .... Note 3. p. 83 
Note 6. p. S68 

62. 	Siduron TLC .... .... Note 3. p. 104:
 
Note 6, p. S64
 

GC ... .... .... Note 3,p. 83;
 
Note 6. p. S68
 

63. Simazine 

64. Strobane GC -- 509A .... 	Note 3. p. 7 
65. 	Swep TLC ... .... .... Note 3,p. 104:
 

Note 6. p. S64
 
66. 	 j 4,5.T GC --. 5098 .... Note 3,p. 715;
 

Note 4,p. 35
 
67. 	2.4.5-tp (Si'vex) GC . 5098 .... Note 3. p. 83: 

Note 6. p. S68 
68. 	 Terbuthylazine GC ... .... .... Note 3. p. 83:
 

Note 6. p. S64
 
69. Toxaphene GC 608 509A D3086 	 Note 3,p. 7: 

Note 4,p. 30 
GC/MS 625 ..... -- ... 

70. Trifluralin GC ... .... .... 	 Note 3. p. 7 

Pesticides are listed in this table by common name for the convenience of the reader. Additional pesticides may be
 
found under Table IC. where entries are listed by chemical name.
 
"Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater." USEPA. July 1982.
 
"Methods for Benzidine, Chlorinated Organic Compounds, Pentachlorophenol and Pesticides in Water and Wastewater."
 
USEPA, September 1978.
 

'Methods for Analysis of Organic Substances in Water, U.S. Geological Survey Techniques of Water Resources hiv.. Book 5. 
Ch. A3 (1972, p. 30. 
The method may be extended to screen samples for a-BHC, and 6-BHC. endosulfan I. endosulfan II.and endrin. However. 
when they are known to be present, the referenced gas chromatographic procedures are the preferred methods. 

6 "SelectedAnalytical Methods Approved and Cited bythe United States Environmental ProtectionAgency," Supplement to the 

Fifteenth Edition of Standard Methods for the Examination of Water and Wastewater (1981). 

x/i
 



United States 	 Environmental Monitoring and 
Environmental Protection Support Laboratory 
Agency Cincinnati OH 45268 

Research and Development 

EPA Test Method
 

Purgeable Halocarbons-
Method 601 

1. Scope and Application 

1.1 This method covers the determi
nation of 29 purgeable halocarbons. 
The following parameters may be 
determined by this method: 

CAS No.Parameter 	 STORET No. 

75-27-4Bromodichloromethane 	 32101 
32104 75-25-2Bromoform 

74-83-9Bromomethane 34413 
Carbon tetrachloride 32102 56-23-5 

34301 108-90-7Chlorobenzene 
34311 75-00-3Chloroethane 

2-Chloroethylvinyl ether 	 34576 100-75-8 
32106 67-66-3Chloroform 

Chloromethane 34418 74-87-3 
32105 124-48-1Dibromochloromethane 
34536 	 95-50-11.2-Dichlorobenzene 
34566 	 541-73-11.3-Dichlorobenzene 
34571 	 106-46-71,4-Dichlorobenzene 
34668 	 75-71-8Dichlorodifluoromethane 
34496 	 75-34-31,1 -Dichloroethane 
34531 	 107-06-21.2-Dichloroethane 
34501 	 75-35-41,1-Dichloroethene 

156-60-5trans- 1, 2-Dichloroethene 	 34546 
34541 78-87-51,2-Dichloropropane 

10061-01-5cis- 1.3-Dichloropropene 34704 
trans- 1,3-Dichloropropene 34699 10061-02-6 

75-09-2Methylene chloride 	 34423 
34516 	 79-34-51.1,2,2-Tetrachloroethane 
34475 	 127-18-4Tetrachloroethene 

1.1,1 -Trichloroethane 34506 71-55-6 
34511 	 79-00-51,1,2-Trjchloroethane 

79-01-6Trichloroethene 	 39180 
34488 	 75-69-4Trichlorofluoromethane 

75-01-4Vinyl chloride 	 39175 

1.2 This is a purge and trap gas 136.1. When this method is used to 
chromatographic method applicable to analyze unfamiliar samples for any or 

the determination of the compounds all of the compounds above, compound 
listed above in municipal and industrial identification should be supported by at 
discharges as provided under 40 CFR least one additional qualitative 
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technique. This method describes 
analytical conditions for a second gas 
chromatographic column that can be 
used to confirm measurements made 
with the primary column. Method 624 
provides gas chromatograph/mass 
spectrometer (GC/MS) conditions 
appropriate for the qualitative and 
quantitative confirmation of results for 
most of the parameters listed above, 

1.3 The method detection limit (MDL, 
defined in Section 12.1 )111 for each 
parameter is listed in Table 1. The MDL 
for a specific wastewater may differ 
from those listed, depending upon the 
nature of interferences in the sample 
matrix. 

1.4 Any modification of this method. 
beyond those expressly permitted, 
shall be considered as major modifica-
tions subject to application and 
approval of alternate test procedures 
under 40 CFR 136.4 and 136.5. 

.5 
1 This method is restricted to use 
by or under the supervision of analysts 
experienced in the operation of a purge 
and trap system and a gas chromato-
graph and in the interpretation of 
chromatograms. Each analyst must 
demonstrate the ability to generate 
acceptable results with this method 
using the procedure described in 
Section 8.2. 
2. 

SSummary of Method 

An inert gas is bubbled through a2.1 
5-mL water sample contained in a 

specially-designed purging chamber at 

ambient temperature. The halocarbons 

are efficiently transferred from tho 

aqueous phase to the vapor phase. The 

vapor is swept through a sorbent trap
whducewhere the halocarbons are trapped. 

After puging is completed, the trap is 
heated and backflushed with the inert 
gas to desorb the halocarbons onto a 
gas chromatographic column. The gas 
chromatograph is temperature pro-grmmetorapahat theperature po
grammed to separate the halocarbons 

which are then detected with a halide-
2

specific detector. .3 1t a 

2.2 The method provides an optional 
gas chromatographic column that may 
be helpful in resolving the compounds 
of interest from interferences that may 
occur. 

3. Interferences 

3.1 Impurities in the purge gas and 
organic compounds out-gassing from 
the plumbing ahead of the trap account 
for the majority of contamination 
problems. The analytical system must 
be demonstrated to be free from 

contamination under the conditions of 
the analysis by running laboratory 
reagent blanks as described in Section 
8.5. The use of non-TFE plastic tubing, 
non-TFE thread sealants, or flow 
controllers with rubber components in 
the purging device should be avoided, 

3.2 Samples can be contaminated by 
diffusion of volatile organics (particu-
larly fluorocarbons and methylene 
chloride) through the septum seal into 
the sample during shipment and 
storage. A field reagent blank prepared 
from reagent water and carried through 

the sampling and handling protocol can 
serve as a check on such 
contamination, 

3.3 Contamination by carry-over can 
occur whenever high level and low 
level samples are sequentially analyzed. 

To reduce carry-over, the purging 
device and sample syringe must be 
rinsed with reagent water between 
sample analyses. Whenever an 
unusually concentrated sample is 
encountored, it should be followed by 
an analysis of reagent water to check 
for cross contamination. For samples 
containing large amounts of water-
soluble materials, suspended solids, 
high boiling compounds or high 
organohalide levels, it may be neces-
sary to wash out the purging device 
with a detergent solution, rinse it with 
ditilled water, and then dry it in a 

5 C oven between analyses. The 
, 

tiap and other parts of the system are 

also subject to contamination; there

fore, frequent bakeout and purging of 

the entire system may be required. 

4. Safety 
4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been precisely defined; however, 

.each chemical compound should be 
t'reated as a potential health hazard. 
From this viewpoint, exposure to these 

exduce to thesechemicalschemicals mustmust be reduced to the 
lowest possible level by whatever 

mwenst aiable. The lborwatoer 
means available. The laboratory is
responsible for maintaining a current 
awereness file of OSHA regulations 
regarding the safe handling of the 
cemicals specified in this method. A 

,V ference file of material data handling 
sheets should also be made available to 
all personnel involved in the chemical 
analysis. Additional references todichlorodifluroromethane 
laboratory safety are available and coal can be eliminated, and the polymer 

suspected. human or mammalian 
carcinogens: carbon tetrachloride, 
chloroform. 1,4-dichlorobenzene. and 
vinyl chloride. Primary standards of 
these toxic compounds should be 
prepared in a hood. A NIOSH/MESA 
approved toxic gas respirator should be 
worn when the analyst handles high 
concentrations of these toxic 
compounds. 

5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
sampling. 

5.1. 1 Vial- 25-mL capacity or larger, 
equipped with a screw cap with hole in 
center (Pierce # 1307 5 or equivalent). 

Detergent wash, rinse cap with tap and 
distilled water, and dry at 105 *C 
before use. 

5. 1.2 Septum-Teflon-faced silicone 
(Pierce #12722 or equivalent). 
Detergent wash, rinse with tap and 
distilled water, and dry at 105 *C for 
one hour before use. 

5.2 Purge and trap device-The 
purge and trap device consists of three 
separate pieces of equipment: the 
sample purger, trap, and the desorber. 
Several complete devices are now 
commercially available. 

5.2. 1 The sample purger must be 
designed to accept 5-mL samples with 
a water column at least 3 cm deep. 
The gaseous head space between the 

water column and the trap must have a 

total volume of less than 15-mL. The 

purge gas must pass through the water 

column as finely divided bubbles with a 

diameter of less than 3 mm at the 
origin. The purge gas must be intro
duced no more than 5 mm from the 

noemorean 5tmmafomeththanbase of the water column. The sample 
purger, illustrated in Figure 1, meets 
these design criteria. 

5.2.2 The trap must be at least 25 
cm long and have an inside diameter ofat least 0. 10 5 inch. The trap must be 
atlst015ic.Terpmutb 

packed to contain the following 
minimum lengths of adsorbents: 1.0 
cm of methyl silicone coated backing 
(Section 6.3.3). 7.7 cm of 
2,6-diphenytene oxide polymer 
(Section63)7cof silica gel, 
7.7 gm of coconut charcoal (Section 
6.3.1). If it is not necessary to analyze 

the char

have been identified14 "6 ) for the infor-
mation of the analyst. 

4.2 The fullowing parameters 
covereo by this method have been ten-
tatively classified as known or 

specifications for the trap areminimum 1 5 cm. Thesection lengthened to 
illustrated in Figure 2. 

5.2.3 The desorber must be capable 
of rapidly heating the trap to 180 OC. 
The polymer section of the trap should 
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not be heated higher than 180 0C and 	 6.7. 1 Reagent water can be generated 
by passing tap water through a carbonthe remaining sections should not 

exceed 220 OC. The desorber design, 	 filter bed containing about 1 lb of 
activated carbon (Filtrasorb-300 orillustrated in Figure 2. meets these 


criteria, equivalent (Calgon Corp.)). 


The purge and trap device may 6. 1.2 A water purification system5.2.4 
(Millipore Super-Q or equivalent) maybe assembled as a separate unit or be 

coupled to a gas chromatograph as be used to generate reagent water. 

illustrated in Figures 3 and 4. 6.1.3 Reagent water may also be 
5.3 Gas chromatograph-An analyti-	 prepared by boiling water for 15 

cal 	system complete with a tempera- minutes. Subsequently, while maintain-
nthe eurentyC, nan-i blecalrsystemgcmpleteaswitoph temperas 

sure programmable gas chromatograph 
ruitable for on-column injection and all 
required accessories including syringes, 
analytical columns, gases. detector,and strip-chart recorder. A data system 

is recommended for measuring peak 

areas. 

5.3. 1 Column 1- 8 ft long x 0. 1 in 

ID stainless steel or glass, packed with 
1% SP- 1000 on Carbopack 8 (60/80 
mesh) or equivalent. This column was
used to develop the method perfor-

usned tadeepnthe meto p1rfo 
mance statements in Section 12. 
column packings are provided inGuidelines for the use of alternate 

Section 10.1. 

5.3.2 Co umn 6 ft long x 0. 1 in 
ID.stainle-s steel or glass, packed with 
chemically bonded n-ctane on Porasil-

C (100/120) mesh or equivalent. 

5.3.3 Detector- Electrolytic conduc-
tivity or microcoulometric. These types 
of detectors have proven effective in 
the analysis of wastewaters for the 
parameters listed in the scope. The 
electrolytic conductivity detector was 
used to develop the method perlor-
mance statements pnd MDL listed in 
Tables 1 and 2. Guidelines for the use 
of alternate detectors are provided in 
Section 10.1. 

5.4 Syringes- 5-mL glass hypo-
dermic with Luerlok tip (two each), if 
applicable to the purging device. 

5.5 Micro syringes-25 ;AL, 0.006 in 

ID needle. 

5.6 Syringe valve- 2-way, with Luer 
ends (three each). 

5.7 Syringe- 5-mLo gas-tight with 
shut-off valve, 

5.8 Bottle- 1 5-mL. screw cap, with 
Teflon cap liner, 

5.9 Balance-Analytical, capable of 

accurately weighing 0.0001 g. 


6. Reagents 

6.1 Reagent water-Reagent water is 
defined as a water in which an 
interferent is not observed at the MDL 
of the parameters of interest, 

ing the temperature at 90 tC bubble a 
contaminant-free inert gas through the 
water for one hour. While still hot, 
transfer the water to a narrow mouthscrew-cap bottle and seal with a 
Teflon-lined septum and cap. 

6.2 Sodium thiosulfate-IACS) 

Granular. 

6.3 Trap Materials 
6.3. 1 Coconut charcoal (6/10 mesh 
spurity 

sieved to 26 mesh), Barnaby Chaney, 
CA-580-26 lot # M-2649 or 
equivalent), 

6.3.2 2,6-Diphenylene oxide 
polymer-Tenax, (60/80 mesh), 
chromatographic grade or equivalent, 

6.3.3 Methyl silicone packing-3% 

OV-1 on 60/80 mesh Chromosorb-W 
or equivalent, 

6.3.4 Silica gel- 35/60 mesh, 
Davison, grade-15 or equivalent. 
6.4 Methyl Alcohol-Pesticide quality 
or equivalent. 

6.5 Stock standard solutions-Stock 
standard solutions may be prepared 
from pure standard materials or 
purchased as certified solutions, 
Prepare stock standard solutions in 

methyl alcohol using assayed liquids or 
gas cylinders as appropriate. Because 
of the toxicity of some of the 
organohalides, primary dilutions of 

these materials should be prepared in a 

hood. A NIOSH/MESA approved toxic 
gas respirator should be used when the 
analyst handles high concentrations of 
such materials, 

6.5.7 Place about 9.8 mL of methyl 

alcohol into a 10-mL ground glass 


stoppered volumetric flask. Allnw the 
flask to stand. unstoppered, for about 
10 minutes or until all alcohol wetted 
surfaces have dried. Weigh the flask to 
the nearest 0. 1 mg. 

6.5.2 Add the assayed reference 

material: 

6.5.2.1 Liquids-Using a 100-/iL 
syringe, immediately add two or more 
drops of assayed reference material to 

the flask, then reweigh. Be suie that 
the drops tall directly into the Plconol 
without contacting the neck of the 
flask. 
6.5.2.2 Gases-To prepare standards 

for any of the six halocarbons that boil 
below 30 °C (bromomethane, chloro
ethane, chloromethane, dichlorodi
fluoromethane, trichlorofluoromethane,
vinyl chloride), fill a 5-mL valved gas

tight syringe with the reference 
standard to the 5.0-mL mark. Lower 
the needle to 5 mm above the methyl 
alcohol meniscus. Slowly introduce the 
reference standard above the surface 
of the liquid (the heavy gas will rapidlydissolve into the methyl alcohol). 

6.5.3 Reweigh, dilute to volume, 

stopper, then mix by inverting the flask 

several times. Calculate the concentra
tion in micrograms per microliter from 

the nat gain in weight. When compound 
is assayed to be 96% or greater. 

the weight can be used without correc
tion to calculate the concentration of 
the stock standard. Commercially pre

pared stock standards can be used at 
any concentration if they are certified 
by the manufacturer or by an indepen
dent source. 

6.5.4 Transfer the stock standard 
solution into a Teflon-sealed screw-cap 
bottle. Store, with minimal headspace, 
at - 10 to - 20 OC and protect from
 
ligit.
 

6.5.5 Prepare fresh standards weekly 
for the six gases and 2-chloroethylvinyl 
ether. All other standards must be 
replaced after one month, or sooner if 
comparison with check standards 
indicate a problem. 

6.6 Secondary dilution standards-
Using stock standard solutions, prepare 
secondary dilution standards in methyl 
alcohol that contain the compounds of 

interest, either singly or mixed together. 
The secondary dilution standards 
should be prepared at concentrations 
such that the aqueous calibration 
standards prepared in Sections 7.3.1 
or 7.4.1 will bracket the working range 
of the analytical system. Secondary 
dilution standards should be stored 

with minimal headspace and should be 
checked frequently for signs of degrad
ation or evaporation, especially just 
prior to preparing calibration standards 
from them. Quality control check 
standards that can be used to 

determine the accuracy of calibration 
standards will be available from the 
U.S: Environmental Protection Agency, 
Environmental Monitoring and Support 
Laboratory, in Cincinnati, Ohio. 
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7. 	 Calibration 

7.1 Assemble a purge and trap device 
that meets the specifications in Section 
5.2. Condition the trap overnight at 
180 °C by backflushing with an inert 
gas flow of at least 20 mL/min. Prior to 

use, daily condition traps 10 minutes 
while backflushing at 180 °C. 

7.2 Connect the purge and trap 
device to a gas chromatograph. The 
gas chromatograph must be operated 
using temperature and flow rate param-
eters equivalent to those in Table 1. 
Calibrate the purge and trap-gas 
chromatographic system using either 
the external standard technique 
(Section 7.3) or the internal standard 
technique (Section 7.4). 

7.3 External standard calibration 
procedure: 

7.3. 1 Prepare calibration stancdrds 

at a minimum of three concentration 
levels for each parameter by carefully 

/Lof one or more second-adding 20.0 
ary dilution standards to 100. 500, or 

1000 mL of reagent water. A 25-L 
aer•A 5-L
0.00nchsyringesyringe withwith aa 0.006 inch ID needle 

should be used for this operation. One 

of the external standards should be at a 

concentration near, but above, the 
method detection limit (See Table 1) 
and the other concentrations should 
correspond to the expected range of 
concentrations found in re 3 !samples or 
should define the wcrkin range of the 
detector. These aqueoulsstandards can 
be stored up to 24 hours, if held in 
sealed vials with zero headspace as 
described in Section 9,2. If not so 
stored, they must be discarded after 
one hour. 

7.3.2 Analyze each calibration 
standard according to Section 10. and 
tabulate peak height or area responses 
versus the concentration =i the 
standard. The results can be used to 
prepare a calibration curve for each 
compound. Alternatively. if the ratio of 
response to concentration (calibration 
factor) is a constant over the working 
range (--10% relative standard devia-
tion, RSO), linearity through the origin 
can be assumed and the average ratio 
or calibration factor can WIt(bsed in 
place of a calibration cuM'&. 

7.3.3 The working calibration curve 
or calibration factor must be verified on 
each working day by the measurement 
of one or more calibration standards. If 
the response for any parameter varies 
from the predicted response by more 
than ± 10%. the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 

or calibration factor must be prepared 
for that parameter. 

7.4 Internal standard calibration 
procedure. To use this approach, the 
anvlyst must select one or more internal 
standards that are similar in analytical 
behavior to the compounds of interest. 
The analyst must further demonstrate 
that %hemeasurement of the internal 
standard is not affected by method or 
matrix interferences. Because of these 
limitations, no internal standard can be 
suggested that is applicable to all 
samples. The compounds recommended 
for use as surrogate spikes in Section 
8.7 have been used cuccessfully as 
internal standards, because of their 
generally unique retention times. 

7.4. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest as 

described in Section 7.3.1. 

7.4.2 	 Prepare a spiking slution con

g each of the internal standards 

using the procedures described in 

Sections 6.5 and 6.6. It is recom-
mended that the secondary dilutionstnadb rprda ocnr-

concentrastandard be prepared at a 

tion of 15 Mg/mL of each internal 

standard compound. The addition of 
1OpL of this standard to 5.0 mL of 
sample or calibration standard would 
be equivalent to 30/Jg/L. 
7.43 Analyze each calibration stand-
ard. according to Section 10. adding 
10 /jL of internal standard spiking solu-
tion directly to the syringe (Section 

10.4). Tabulate peak height or area 
responses against concentration for 
each compound and internal standard, 
and calculate response factors (RFI for 

each compound using equation 1. 

Eq. 1 RF = (A$C 1 )/(A,C,) 
where: 

As = Response for the parameter to 
be measured. 

= Response for the internal 
standard. 

Cis = Concentration of the internal 
standard. 

C, = Concentration of the 
parameter to be measured. 

A15 

If the RF value over the working range 
is a constant (-<1 0% RSD), the RF can 
be assumed to be invariant and the 
average RF can be used for calculations. 
Alternatively, the results can be used 
to plot a calibration curve of response 
ratios. A./A,,, vs. RF. 

7.4.4 The working calibration curve 
or RF must be verified on each working 
day by the measurement of one or 
more calibration standards. If the 

response for any parameter varies from 
the predicted response by more than 
-t10%. the test must be repeated 
using a fresh calibration standard. 
Alternatively. a new calibration curve 
must be prepared for that compound. 

8. 	 Quality Control 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality control program. The minimum 
requirements of this program consist of 
an initial demonstration of laboratory 
capability and the analysis of spiked 
samples as a continuing check on 
performance. The laboratory is required 
to maintain performance records to 
define the quality of data that is 
generated. Ongoing performance 
checks must be compared with estab
lished performance criteria to determine 
if the results of analyses are within 

accuracy and precision limits expected 
of the method.
 

8. 1.1 Before performing any 

analyses, the analyst must demonstrate 

the ability to generate acceptable 
accuracy and precision with thismethod. This ability is established as 

described in Section 8.2. 

8. 1.2 In recognition of the rapid 
advances that are occurring in chroma
tography, the analyst is permitted cer
tain options to improve the separations 
or lower the cost of measurements. 
Each time such modifications are made 
to the method, the analyst is required 
to repeat the procedure in Section 8.2. 

8.1.3 The laboratory must spike and 
analyze a minimum of 10% of all 
samples to monitor continuing labora
tory performance. This procedure is 

described in Section 8.4. 

8.2 To establish the ability to generate 
acceptable accuracy and precision, the 
analyst must perform the following 
operations. 

8.2. 7 Select a representative spike 
concentration for each compound to be 
measured. Using stock standards, 
prepare a quality control check sample 
concentrate in methyl alcohol 500 
times more concentrated than the 
selected concentrations. Quality 
control check sample concentrates, 
appropriate for use with this method, 
will be available from the U.S. 
*Environmental Protection Agency. 
Environmental Monitoring and Support 
Laboratory. Cincinnati, Ohio 45268. 

8.2.2 Using a syringe, add 10 ML of 
the check sample concentrate to each 
of a minimum of four 5-mL aliquots of 
reagent water. A representative waste. 
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water may be used in place of the 

reagent water. Out one or more addi, 

tionai aliquots must be analyzed to 

determine background levels, and the 
spike level must exceed twice the 
background level for the test to be 

valid. Analyze the aliquots according to 

the method beginning in Section 10. 

8.2.3 Calculate the average percent 
recovery. (R). and the standard devia-

tion of the percent recovery Is), for the 

results. Wastewater background cor-

rections must be made before R and s 


calculations are performed. 


8.2.4 Using Table 2, note the average 
recovery (X) and standard deviation (p) 
expected for each method parameter. 
Compare these to the calculated values 

for R and s. If s :: 2p or IX -RI =- 2p, 

review potential problem areas and 

repeat the test. 

8.3 The analyst must calculate 
method performance criteria and define 

the performance of the laboratory for 

each spike concentration and parameten 
being measured. 

8.2.5 The U.S. Environmental 
Protctio Aenc EnioestablishS
Protection Agency plrns to esash 


performance criteria for R and s based 


upon the rasults of interlaboratory 

testing. When they become available, 


these criteria must be met before any 

samples may be analyzed. 


8.3. Calculate upper and lower 
control lints for method performance: 

= + 
= 3s

Upper Control Limit (UCL) R 3s 

Lower Control Limit (LCL) R 

where R and s are calculated as in 

Section a.2.3. The UCL and LCL can 

be used to construct control chartslTi 
that are useful in observing trends in 

performance. The control limits above 
must be replaced by method perfor-
mance criteria as they become available 

from the U.S. Environmental Protection 

Agency. 

8.3.2 The laboratory must develop 
and maintain separate accuracy state-
ments of laboratory performance for 
wastewater samples. An accuracy 
statement for the method is defined as 
R t s. The accuracy statement should 
be developed by the analysis of four 

aliquots of wastewater as described in 

Section 8.2.2, followed by the calcu-

lation o R and s. Alternately, the 

analyst may use four wastewater data 

points gathered through the require-

ment for continuing quality control in 

Section 8.4. The accuracy statements 

should be updated regularly.171 

8.4 The laboratory is required to 

collect a portion of their samples in 

duplicate to monitor spike recoveries, 

The frequency of spiked sample 
analysis must be at least 10% of all 
samples or one sample per month. 
whichever is greater. One aliquot of the 
sample must be spiked and analyzed as 

described in Section 8.2. If the 
recovery for a particular parameter 
does not fall within the control limits 
for method performance, the results 
reported for that parameter in all 
samples processed as part of the same 

set must be qualified as described in 

Section 11.3. The laboratory should 
monitor the frequency of data so 
qualified to ensure that it remains at or 

below 5%. 

8.5 Each day, the analyst must 

demonstrate through the analysis of 

reagent water, that interferences from 

the analytical system are under ccntrol. 

8.6 It is recommended that the 
laboratory adopt additional quality 

assurance practices for use with this 

method. The specific practices that are 
most productive depend upon the 

needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precision of 

the sampling technique. When doubt 

exists over the identification of a peak 
on the chromatogram, confirmatory 

techniques such as gas chromatography 
with a dissimilar column, specific 

element detector, or mass spectrom
eter must be used. Whenever possible, 
the laboratory should perform analysis 

of standard reference materials and 

participate in relevant performance 
evaluation studies. 

8.7 The analyst should maintain 
constant surveillance of both the per-
formance of the analytical system and 

the effectiveness of the method in 
dealing with each sample matrix by 
spiking each sample, standard and 
blank with surrogate halocarbons. A 

combination of bromochloromethane, 

2-bromo-1 -chloropropane, and 

1,4-dichlorobutane is recommended to 
encompass the range of the tempera-
ture program used in this method. From 
stock standard solutions prepared as 
above, add a volume to give 7500 gg 
of each surrogate to 45 mL of reagent 
wnter contained in a 50-mL volumetric 

flask, mix and dilute to volume (1 5 

ng/pfL). If the internal standard calibra-

tion procedure is being used, the 

surrogate compounds may be added 

directly to the internal standard spiking 

solution (Section 7.4.2). Add 10pL of 

this surrogate spiking solution directly 

into the 5-mL syringe with every sample 

and reference standard analyzed. 
Prepare a fresh surrogate spiking 
solution on a weekly basis. 

9. Sample Collection. 
Preservation, and Handling 

9.1 All samples must be iced or 

refrigerated from the time of collection 
until extraction. If the sample contains 
free or combined chlorine, add sodium 

thiosulf ate preservative (10 mgl40 mL 
is sufficient for up to 5 ppm Cl 2 1 to the 
empty sample bottle just prior to 
shipping to the sampling site. USEPA 

methods 330.4 and 330.5 may be 
used for measurement of residual 
chlorine.181 Field test kits are available 

for this purpose. 

Grab samples must be collected9.2 
in glass containers having a total 

volume of at least 25 mL. Fill the 

sample bottle just to overflowing in 

such a manner that no air bubbles pass 
through the sample as the bottle is 
being filled. Seal the bottle so that no 

air bubbles are entrapped in it. If 

preservative has been added, shake 
vigorously for one minute. Maintain the 

hermetic seal on the sample bottle until
 
time of analysis.
 

9.3 All samples must be analyzed
 

within 14 days of collection.
 

10. Sample Extraction and
 
Gas Chromatography
 

10.1 Table 1 summarizes the 

recommended operating conditions for 

the gas chromatograph. Included in this 

Table are estimated retention times and 

method detection limits that can be 

achieved by this method. An example 
of the separations achieved by Column 

1 is shown in Figure 5. Other packed 
columns, chromatographic conditions, 

or detectors may be used if the 
requirements of Section 8.2 are met. 

10.2 Calibrate the system daily as
 

described in Section 7.
 

10.3 Adjust the purge gas (nitrogen 

or helium) flow rate to 40 mL/min. 
Attach the trap inlet to the purging 
device, arod set the device to purge. 
Open the syringe valve located on the 

purging device sample introduction 
needle. 

10.4 Allow sample to come to 

ambient temperature prior to introduc

ing it to the syringe. Remove the 

plunger from a 5-mL syringe and attach 

a closed syringe valve. Open the sample 

bottle (or standard) and carefully pour 

the sample into the syringe barrel to 

just short of overflowing. Replace the 
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syringe plunger and compress the retention time for a compound can be 

sample. Open the syringe valve and used to calculate a suggested window 
vent any residual air while adjusting the size: however, the experience of the 

sample volume to 5.0 mL. Since this analyst should weigh heavily in the 
process of taking an aliquot destroys interpretation of chromatograrns.thewvalidityrofstheesamplerfnorrfuture
the validity of the sample for future 
analysis, the analystthis time to protect 
against possible loss of data. Add 

10.0 jut of the surrogate spiking solu-

tion (8.7) and 10.0 /L of the internal 

standard spiking solution (Section 
7.4.2), if applicable, through the valve 
bore, then close tie valve. 

10.5 Attach the syringe-syringevalve assembly to the s.yringe valve on 

the purging device. Open the syringe 
valves and inject the sample into the 
purging chamber. 

10.6 Close both valves and purge the 
sample for 11 .0 1 . 1 minutes at 
ambient temperature. 

1.0.7 After the 11 -minute purge time, 
attach the trap to the chromatograph. 
adjust the device to the desorb mode, 
and begin to temperature program the 
gas chromatograph. Introduce the 
trapped materials to the GC column by 
rapidly heating the trap to 180 *C 
while backflushing the trap with an 
inert gas between 20 and 60 mlmin 
for four minutes. If rapid heating of the 
trap cannot be achieved, the gas 
chromatographic column must be used 
as a secondary trap by cooling it to 
30 OC Isvbambient temperature, if poor 
peak geometry or random retentiontime problems persist) instead of the 
initial program temperature of 45 tC. 

10.8 While the trap is being desorbed 
into the gas chromatograph. empty the 
purging chamber using the sample in-

troduction syringe. Wash the chamber 
with two 5-mL flushes of reagent 
water, 

10.9 Aftr desorbing the sampie for 

four minutes recondition the trap by 
returning the purge and trap device to 

the purge mode. Wait 15 seconds then 

close the syringe valve on the purging 

device to begin gas flow through the 

trap. The trap temperature should be 

maintained at 180 *C. After approxi-
mately seven minutes turn off the trap 

heater and open the syringe valve to 

stop the gas flow through the trap. 
When cool the trap is ready for the 

next sample. 

10.10 The width of the retention 
time window used to make identifica-
tions should be based upon measure-
ments of actual retention time variations 
of standards over the course of a day. 
Three times the standard deviation of a 

10.11 If the response for the peak 
exceeds the working range of the 
system, prepare a dilution of the 

sample with reagent water from the 

aliquot in the second syringe and 

reanalyze. 
11. Calculations 

11.1 Determine the concentration of 
individual compounds in the sample. 

11. 1. 1 If the external standard 
calibration procedure is used, calculate 
the concentration of material from the 
peak response using the calibration 
curve or calibration factor determined 
in Section 7.3.2. 

11. 1.2 If the internal standard 
calibration procedure was used. calcu-
late the concentration in the sample 
using the response factor IRF) deter-
mined in Section 7.4.3 and equation 2. 

Eq. .. 
Concentration /gIL = 1AC,,)(A,,)(RF) 
where: 

As = Resronse for the parameter to 
be measured. 

A, = Response for the internal 
standard. 

C, - Concentration of the internal 
standard. 

11.2 Report results in micrograms 
per liter. When duplicate and spiked 
samples are analyzed, report all data 

obtained with the sample results. 
11.3 For samples processed as part 
of a set where the spiked sample 
recovery falls outside of the control 
limits which were established according 

to Section 8.3. data for the affected 

parameters must be labeled as suspect. 

12. Method Performance 
1Revised, 
12.1 The method detection limit 
(MDLI is defined as the minimum 
concentration of a substance that can 

be measured and reported with 99% 
confidence that the value is above 
zero.I0) The MDL concentrations listed 

in Table 1 were obtained using reagent 

water.1 91 Similar results were achieved 

using representative wastewaters. The 

MDL actually achieved in a given 

analysis will vary depending on instru-
ment sensitivity and matrix effects. 

12.2 This method is recommended 
for use in the concentration range from 
the MDL up to 1000 x MDL. Direct 
aqueous injection techniques should be 

used to measure concentration levels 
above 1000 , MDL. 
12.3 In a single laboratory IMonsanto 
Research), using reagent water and 
wastewaters spiked at or near back

ground levels, the average recoveries 
presented in Table 2 were obtained9i. 
The standard deviation of the measure

ment in percent recovery is also 
included in Table 2(9). 

12.4 The U.S. Environmental 
Protection Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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Table 1. ChromatographIc Conditions and Method Detec.ion Limits 

Retention Time Method
 

(ri. Detection Limit

,rDectoLit 

Column I Column 2Parameter 
0.081.50 5.28Chloromethane 

2. 17 7.05 7. 18Bromomethane 
nd 1.812.62Dichlorodifluoromethane 0.182.67 5.28Vinyl chloride 

3.33 8.68 0.52
Chloroethane 0.255.25 10. 1Methylene chloride 

7. 18 nd nd 
Trichlorofluoromethane 0. 137.93 7. 721,7.Dichloroethene 

9.30 12.6 0.07
1, 7-Dichloroethane 

10.1 9.38 0. 10 
trans- 1.2.Dichloroethene 

0.0510.7 12.7Chloroform 0.0311.4 15.4,2-Dichloroethane 
13. 1 0.0312.61 7,I-Trichloroethane 

0. 1273.0 14.4Carbon tetrachloride 
13.7 14.6 0. 10 

Bromodichloromethane 0.0416.614.91,2.Dichloropropane 0.3415.2 16.6trans- 1,3.Dichloropropene 
0.0215.8 13.1Trichloroethene 0.0916.5 16.6Dibromochloromethane 0.0216.5 18.1

1, 1,2.Trichloroethane 0.2016.5 18.0cis. 1.3Dichloropropene 
18.0 nd 0. 13 

2.Chloroethylvinyl ether 
0.2019.2 19.2Bromoform 

nd 0.0321.61,1,2,2.Tetrachloroethane 0.0321.7 15.0Tetrachloroethene 0.2524.2 18.8Chlorobenzene 0.3234.0 22.41,3.Dichlorobenzene 0.15
23.534.91,2.Dichlorobenzene 0.2422.335.41,4.Dichlorobenzene 

nd = not determined 
Column Iconditions: Carbopack B 60/80 mesh coaed with 7% SP- I000packedin 

with helium carrier gas a 411 
an 8 ft x 0. 1 in ID stainless steel or glass colunm 

mL/min flow rate. Column temperature held at 45 OC for 3 min. then programned 

at 8 "0 '/min. to 2200 and held for 75 min. 

Column 2 conditions: Porasi-C 700/120 mesh coated with n.octane packed in a 6 ft 

x 0. 1 in ID stainless steel or glass column with helium carer gas at 40 mL/mm 

50 0 C for 3 mm then programmed at 
flow rate. Column temperature held at 

6 0 C/min to 170 
0 and held for 4 min. 

_Z9
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Table 2. Single Operator Accuracv and Precision 

Average Standard Spike Number 
Percent Deviation Range of Matrix 

Parameter Recovery % tmg/lL Analyses Types 

Bromodichloromethane 700.9 5.0 0.43-46.7 21 3
 
Bromoform 89.5 9.0 1.45-50 20 3
 
Bromomethane 705.0 17.3 3.39-49.2 21 3
 
Carbon tetrachloride 82.5 25.6 0.55-50 19 3
 
Chlorobenzene 93.9 8.9 2.21-50 20 3
 
Chloroethane 91.5 22.4 3.95-50 21 3
 

96.3 9.9 4.39-133 20 3
2-Chloroethylvinyl ether 
Chloroform 101.7 20.6 0.44-50 20 3
 
Chloromethane 91.4 73.4 0.55-23.9 21 3
 
Dibromochloromethane 98.3 6.5 0. 75-93.0 21 3
 

10.20 2.0 4.89-154 21 3
1, 2-Dichlorobenzene 
1,3-Dichlorobenzene 91.6 4.3 2.94-46.7 21 3
 

97.5 9.3 2.99-51.6 21 3
1,4-Dichlorobenzene 
Dichlorodifluoromethane 87.8 18.0 2. 18-43.4 27 3
 
1, 1-Dichloroethane 702.3 5.5 0.44-46. 7 21 3
 

97.8 4.8 0.44-46.7 21 3
1,2-Dichloroethane 
1,.- Dichloroethene 701.7 21.7 0.37-50 19 3
 
trans- 1.2-Dichloroethene 91.0 19.3 0.44-98.0, 20 3
 

97.7 8.8 0.29-39.0 21 3
1,2-Dichloropropane 
86. 7 6.0 0.44-46. 7 21 3
cis- 1,3-Dichloropropene 
73.5 17.2 0.43-50 20 3
trans- 1,3-Dichloropropene 

Methylene chloride 97.9 2.6 0. 73-46. 7 21 3
 
91.9 15.0 0.46-46.7 21 3
, 1,2,2-Tetrachloroethane 

Terrachloroethene 94.1 18. 1 0.50-35.0 21 3
 
1, 1, 1-Trichloroethane 75.7 12.5 0.37-29.0 21 3
 

91.0 25.1 0.45-50 21 3
7, 1,2-Trichlorocthane 
Trichloroethene 106. 1 7.4 0.38-46. 7 21 3
 

89.3 13.9 149 14 2
Tric,4lorofluoromethane 
Vinylchloride 101.9 11.4 0.82-32.3 21 3
 

Optional ._Exit i/4 in. 

Foam O.D. 
Trap 1--4mm

O.D. 

Inlet 1/4 in. 
QA 

- Sample Inlet 
2-way Syringe valve 
17cm 20 gauge syringe needle 

'/tin. -- 6mm 0.0. Rubber Septum 
0.0. exit

T - i I 10mm 0.0. ,/,, in. o.0.SInlet Stainless Steel 

~ I/, in.0.0. 

3 13X molecular 
'sieve purge 

t ~wgas filter 

Purge gas 

flow control 

10mm glass frit 
medium porosity 

Figure 1. Purging device 
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--- 

Packing procedure Construction 

- ,Compression fitting 
Glass 5mm 7%/foot I . ' nut and ferrules 

wire wrapped I 

Activated 7.7cm solid g -

charcoal (Double layer) 
I Thermocouplel 

controller _p--sensor 

Grade 15 15 cm__ s Electronic 

Silica gel 7.7cmYI Z eletur 

7'.foot T / pyrometer 

I resistance 
wire wrapptd - Tubing 25 cm. 

Tenex 7.7cm solid I -- 1 0. 105 in. I.D. 
,I layer) 0 125in O.D. 

- 8cm- stainless steel3% OV.1 
'cmIAGlass 

5mmwool 
Trap inlet 

Figure 2. Trap packings and construction to include desorb capability 

Carrier gas flow control Liquid injection ports 
Column oven 

Pressure regulator 
P Confirmatory column 

To detector 
=- Analytical column 

- optional 4-port column 
6-port selection valve 

Purge gasflow control \ valve Trap inltResistance wire 
TrapI Trap_ if,,,Heatercontrol 

220C
13X molecular __o 

sieve filter Note:
 

All lines between 
trap and GC 

Purging should be heated 
device to 800 C 

Figure 3. Schematic of purge and trap device - purge mode 
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Carrier gas flow control Liquid inlection ports Column oven 

Pressure regulator !' Confirmatory column 
S..... I~ To detector 

U L Z_ | "--Analyticalcolumn 

optional 4-port column 
selection valve 

Purge gas 6-port Trap inlet 
flow control ,// L/ valve Resistance wireflowcontol ",, ' T, -Heater control 

r BiTrap)_,P1flow Trap1800C On 

13X molecular
sieve filter 

Note:Note: 

All lines between 

' ugndevice should be heated 

to 800C 

Figure 4. Schematic of purge and trap device - desorb mode 

Column: 
Program: 

1% SP.1000 on Carbopack-8 
45 0 C-3 minutes, 8 0 /minute to 2200C 

* Detactor; Hall 700-A electrolytic conductivity 

.2 U 
%*a a a 

to 
r 

lb 
C: *, Q %N 

fa 
-

r. 

* 
9~3.a 
~ 

q N.ab . 

~3 C.a 

- ~ J*=0 0 

6z0. W 4uy 98 

0 2 4 0 1 4'6 1 0 2 4 26 2 0 3 4 3 

Figure-. 5.fpre~ Ga ooabn ahoeorm 
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Environmental Monitoring and
United StatesEnvironmental Protection 	 Support Laboratory 

Cincinnati OH 452S8
Agency 

Research and Development 

,vEPA Test Method 

Purgeable Aromatics-
Method 602 

1. Scope and Application 

This method covers the determi1.1 
nation of various purgeable aromatics. 
The following parameters may be 
determined by this method: 

CAS No.STORET No.Parameter 
34030 71-43-2Benzene 

108-90-734301Chlorobenzene 95-50-1345361,2-Dichlorobenzene 541-73-1345661,3-Dichlorobenzene 106-46-7345711,4-Dichlorobnzene 100-41.434371Ethylbenzene 108-88-334010Toluene 
1.4 Any modification of this method,

1.2 This is a purge and trap gas 
beyond those expressly permitted,

chromatographic method applicable to 
shall be considered as major modifica

the determination of thE compounds 
tions subject to application and

listed above in municipal and industrial 
approval for alternate test procedures

discharges as provided under 40 CFR 
under 40 CFR 136.4 and 136.5 

136.1. When this method is used to 
1.5 This method is restricted to useanalyze unfamiliar samples for any or 
by or under the supervision of analystsall of the compounds above, compound 

identifications should be supported by experienced in the operation of a purge 

at least one additional qualitative and trap system and a gas chromato
graph and in the interpretation oftechnique. This mothod describes 

analytical conditions for a second gas chromatograms. Each analyst must 
demonstrate the ability to generate

used to confirm measurements made demonstrae th alyt mut 
with the primary column. Method 624 acceptable results with this method 
withheprovia colmn.gMhod 6 using the procedure doscribed in 

chromatographic column that can be 

provides gas chroma;.)graph/mass 	 Section B.2. 

spectrometer IGC/MS) conditions 
appropriate for the qualitative and 

2. Summary of Methcd 
quantitative confirmation of results for 

all of the parameters listed above. 2.1 An inert gas is bubbled through a 

5-mL water sample contained in a
1.3 	 The method detection limit (MDL. 

1i)for each specially-designed purging chamber at 
defined in Section 12.1 

ambient temperature. The aromatics 
parameter is listed in Table 1. The MDL 

are efficiently transferred from the 
for a specific wastewater may differ 

from these listed depending upon the aqueous phase to the vapor phase. The 

vapor is swept through a sorbent trap 
nature of interferences in the sample 

where the aromatics are trapped. After 
matrix, 
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purging is completed, the trap is heated 
and backflushed with the inert gas to 
desorb the aromatics onto a gas 
chromatographic column. The gas 
chromatograph is temperature pro-
grammed to separate the aromatics 
which are then detected with a photo-
imiZation detector t2.31. 

2.2 The method provides an optional 
gas chromatographic column that may 
be helpful in resolving the compounds 
of interest from interferences that may 
occur. 

3. Interferences 

3.1 Impurities in the purge gas and 
organic compounds out-gassing from 
the plumbing ahead of the trap account 
for the majority of contamination 
problems. The analytical system must 
be demonstrated to be free from 
contamination under the conditions of 
the anaiysi5 by runining laboratory 
reagent blanks as described in Section 
8.5. The use of non-TFE plastic tubing, 
non-TFE thread sealants. or flow 
controllers with rubber components in 

the purging device sho'uld be avoided. 

3.2 Samples can be contaminated by 
diffusion of volatile organics through 
the septum seal into the sample during 
shipment and storage. A field reagent 
blank prepared from reagent water and 
carried through the sampling and 
handling protocol can serve as a check 
on such centir o,arian. 

3.3 Contamination by carry-over can 
occur whenever high level and low 
level samples are sequentially 
analyzed. To reduce carry-over, the 
purging device and sample syringe 
must be rinsed with reagent water 
between sample analyses. Whenever 
an unusually concentrated sample is 
encountered, it should be followed by 
an analysis of r.gent water to check 
for cross contamination. For samples 
containing large amounts of water-
soluble materials, suspended solids, 

high boi!ing compounds or high 

aromatic levels, it may be necessary to 

wash out the purging device with a 

detergent solution, rinse it with distilled 

water, and then dry it in an oven at 
105 *C between analyses. The trap 
and other parts ,jf the system are also 
subject to contamination; therefore, 
frequent bakeout and purging of the 
entire system may be required. 

4. Safety 

4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been precisely defined; however, 
each chemical compound should be 

treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must D. reduced to the 
lowest possible level by whatever 
means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 

sheets should also be made available to 
all personnel involved in the chemical 
analysis. Additional references to 
laboratory safety are available and 

6
have been identifiedl 4 t for the 
information of the analyst. 

4.2 The following parameters covered 
by this method have been tentatively 
classified as known or suspected, 
human or mammalian carcinogens: 
benzene and 1,4-dichlorobenzene. 
Primary standards of these toxic 
compounds should be prepared in a 

hood. An NIOSH/MESA approved toxic 
gas respirator should be worn when the' 

analyst handles high concentrations of 
these toxic compounds. 

. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
sampling. 

5.1.1 Vial-25-mL capacity or larger, 
equipped with a screw cap with hole in 
center (Pierce #13075 or equivalent), 
Detergent wash, rinse with tap and 
distilled water, and dry at 105 0C 
before use. 

5.1.2 Septum-Teflon-f aced silicone 
(Pierce #12722 or equivalent), 
Detergent wash, rinse with tap and 
distilled water, and dry at 105 *C for 
one hour before use. 

5.2 Purge and trap device-The 

purge and trap device consists of three 
separate pieces of equipment: the 
sample purger, trap, and the desorber. 

Several complete devices are now 

commercially available, 
52.1 The sa.-ple purger must be 

5.2. t ampleThe ith 

designed to accept 5-mL samples with 
a water column at least 3 cm deep. 
wgaseous head space between the 

water column and thetrap must have a 
total volume of less than 15 mL. The 
purge gas must pass through the water 
column as finely divided bubbles with a 

diameter of less than 3 mm at the 
origin. The purge gas must be intro-
duced no more than 5 mm from the 
base of the water column. The sample 
purger. illustrated in Figure 1, meets 
these design criteria, 

5.2.2 The trap must be at least 25 
cm long and have an inside diameter of 
at least 0. 105 inch. 
5.2.2. 1 The trap is packed with 1 cm 
of methyl silicone and 23 cm 
2,6-diphenytene oxide polymer as 
shown in Figure 2. This trap was used 

statements in Section 12. 

5.2.2.2 Alternatively. either of the 
two traps described in Method 601 
may be used, although water vapor will 
preclude the measurement of low 

concentrations of benzene. 
5.2.3 The desorber must be capable 
of rapidly heating the tr3p to 180 OC. 
The polymer sec;,7.- of the trap should 
not be heated higher than 180 OC and 
the remaining sections should not 
exceed 200 *C. The desorber design, 
illustrated in Figure 2, meets these 
criteria. 

5.2.4 The purge and trap device may 
be assembled as a separate unit or be 
coupled to a gas chromatograph as 
illustrated in Figures 3. 4, and 5. 

5.3 Gas chromatograph-Analytical 

system complete with a temperature 
programmable gas chromatograph 
suitable for on-column injection and all 

required accessories including syringes, 
analytical columns, gases, detector. 
and stripchart recorder. A data system 
is recommended for measuring peak 
areas. 

5.3. 1 Column 1 -6 ft long x 0.082 
in ID stainless steel or glass, packed 
with 5% SP-1200 and 1.75% 
Bentone-34 on Supelcoport (100/120 
mesh) or equivalent. This column was 
used to develop the method perfor
mance statements and the MDLs listed 
in Tables 1 and 2. Guidelines for the 

use of alternate column packings are 
provided in Section 10.1. . 

5.3.2 Column 2-8 ft long x 0.1 in 
ID stainless steel or glass, packed with 

5% 1,2.3-Tris(2-cyanoethoxy)propane 
on Chromosorb W-AW (60/80 mesh) 
or equivalent.or e eto 

5.3.3 Detector-Photoionization 
detector (h-nu Systems, Inc. Model 
PI-51 -02 or equivalent). This type of 
detector has been proven effective in 
the analysis of wastewaters for the 
parameters listed in the scope, and 
was used to develop the performance 
statements in Section 12. Guidelines 
for the use of alternate detectors are 
provided in Section 10.1. 

5.4 Syringes- 5-mL glass 
hypodermic with Luerlok tip Itwo each), 
if applicable to the purge device. 
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5.5 Micro syringes-25 JL, 0.006 in 
ID needle. 

5.6 Syringe valve- 2-way with Luer 
ends three each). 

576.6.2fBottle- 5-mL screw-cap with 
Teflon cap liner, 

5.8 Balance-Analytical, capable of 
accurately weighing 0.000 1 g. 

6. Reagents 

6.1 Reagent water-Reagent water is 
defined as a water in which an inter-
ferent is not observed at the MDL of 
the parameters of interest, 

6. 1. 1 Reagent water can be 
generated by passing tap water 
through a carbon filter bed contining 
about 1 lb. of activated carbon. 
(Filtrasorb-300 or equivalent (Calgon 
Corp.)). 

6. 1.2 A water purification system 
(Millipore Super-Q or equivalent) may 
be used to generate reagent water. 

6. 1.3 Reagent water may also be 

prepared by boiling water for 15 


minutes. Subsequently, while main-

taining the temperature at 90 0C, 

bubble a contaminant-free inert gas 
through the water for one hour. While 
still hot, transfer the water to a narrow 

mouth screw-cap bottle and seal with a 

Teflon-lined septum and cap. 

6.2 Sodium thiosulfate-(ACS) 

Granular. 


6.3 Hydrochloric acid (1+ 1)-Add 

50 mL of concentrated HCI to 50 mL 


of reagent water. 


6.4 Trap Materials 

6.4.1 2,6-Diphenylene oxide 

polymer-Tenax, (60180 mesh) chroma-

tographic grade or equivalent, 

6.4.2 Methyl silicone-3% OV-1 on 
Chromosorb-W (60180 mesh) or 
equivalent, 

6.5 Methyl alcohol-Pesticide quality 
or equivalent, 

6.6 Stock standard solutions-Stock 
standard solutions may be prepared 
from pure standard materials or 

purchased as certified solutions. 

Prepare stock standard solutions in 

methyl alcohol using assayed liquids. 

Becasebenzene anspectd 1,a, 
benzene are suspected carcinogens, 
primary dilutions of these materials 
should be prepared in a hood. 

Place about 9.8 mL of methyl 
alcohol into a 10-mL ground glass 
stoppered volumetric flask. Allow the 

6.6.1 

flask to stand. unstoppered, for about 
10 minutes or until all alcohol wetted 

surfaces have dried. Weigh the flask to 
the noarest 0.1 mg. 

Using a 100-wjL syringe
immediately add two or more drops of 
assayed reference material to the flask, 

then reweigh. Be sure that the drops 
fall directly into the alcohol withoutcontacting the neck of the flask. 

6.6.3 Reweigh, dilute to volume. 
stopper, then mix by inverting the flask 
several times. Calculate the concentra-
tion in micrograms per microliter from 
the net gain in weight. When compound 

purity is certified at 96% or greater, 
the weight can be used without correc-
tion to calculate the concentration of 
the stock standard. Commercially 
prepared stock standards can be used, 

at any concentration, if they are 

certified by the manufacturer or by an 


independent source. 
6.6.4 Transfer the stock standard 

solution into a Teflon-sealed screw-cap 


bottle. Store at 4 OC and protect from 


light. 


6.6.5 All standards must be replaced 
after one month, or sooner if compari-

son with check standards indicate a 

problem. 


6.7 Secondary dilution standards-
Using stock standard solutions, prepare 

secondary dilution standards in methyl 
alcohol that contain the compounds of 
interest, either singly or mixed 

together. The secondary dilution 

standards should be prepared at 

concentrations such that the aqueous 

calibration standards prepared in 

Sections 7.3.1 or 7.4.1 will bracket 


the working range of the analytical 


system. Secondary solution standards 
must be stored with zero headspace
and should be checked frequently for 

signs of degradation or evaporation, 

especially just prior to preparing 

calibration standards from them. 

Quality control check standards that 
can be used to determine the accuracy 
of calibration standards will be 

available from the U.S. Environmental 
Protection Agency. Environmental 
Monitoring and Support Laboratory, in 

Cincinnati, Ohio. 

7. Calibration 

7.1 Assemble a purge and trap 
device that meets the specifications in 
Section 5.2. Condition the trap over-
night at 180 OC by backflushing with 

an inert gas flow of at least 20 mlimin. 
Prior to use, daily condition traps 10 
minutes while backflushing at 180 *C. 
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7.2 Connect the purge and trap 
device to a gas chromatograph. The 

gas chromatograph must be operated 
using temperature and flow rate 
parameters equivalent to those in Table 
1. Calibrate the purge and trap-gas
chromatographic system using either 
the external standard technique 

(Section 7.3) or the internal standard 
technique ISection 7.4.). 

7.3 External standard calibration 
pfocedure: 

7.3. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter by carefully 
adding 20.0 pL of one or more second
ary dilution standards to 100, 500, or 
1000 mL of reagent water. A 25-gL 
syringe with a 0.006 inch iD needle 
should be used for this operation. One 
of the external standards should be at a 
concentration near, but above, the 

MDL (see Table 1) and the other
concentrations should correspond to 
the expected range of concentrations 
found in real samples or should define
 

the working range of the detector.
 

These aqueous stndrds must be
 

prepared fresh daily. 
7.3.2 Analyze each calibration 
standard according to Section 10. and 
tabulate peak height or area responses 

versus the concentration in the 
standard. The results can be used to 

prepare a calibration curve for each 
compound. Alternatively, if the ratio of 
response to concentration (calibration 

factor) is a constant over the working 
range I -c 10% relative standard devia

tion. RSD), linearity through the origin 
can be assumed and the average ratio 
or calibration factor can be used in 

place of a calibration curve. 

7.3.3 The working calibration curve 
or calibration factor must be verified on 
each working day by the measurement 

of one or more calibration standards. If 
the response for any parameter varies 
from the predicted response by more 
than ± 10%, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 

or calibration factor must be prepared 
for that parameter. 

Internal standard calibration 
procedure. To use this approach, the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 

7.4 

of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected by 

method or matrix interferences. 
Because of toese limitations, no 
internal standard can be suggested that 



is applicable to all samples. The an initial demonstration of laboratory results. Wastewater background cor. 
compound, a.a. n-trifluorotoluene, capability and the analysis of spiked rections must be maae before R and s 
recommended as a surrogate spiking samples as a continuing check on calculations are performea 

compound in Section 8.7 has been performance. The laboratory is required 8.2.4 Using Table 2, note the 
used successfully as an internal to maintain performance records to 
standard. define the quality of data that is average recovery (X) and standard 

generated. Ongoing performance checks deviation Ip) expected for each method 
7.4. 1 Prepare calibration standards must be compared with established parameter. Compare these to the 
at a minimum of three concentration performance criteria to determine if the calculated values for R and s. If s -- 2p 
levels for each parameter of interest as results of analyses are within accuracy or IX - RI =- 2p. review potential 

described in Section 7.3.1. and precision limits expected of the problem areas and repeat the test. 

7.4.2 Prepare a spiking solution con- method. 8.2.5 The U.S. Environmental 
taining each of the internal standards 8. 7.1 Before performing any analyses, Protection Agency plans to establish 
using the procedures described in Sec- the analyst must demonstrate the performance criteria for R and s based 

tions 6.6 and 6.7. It is recommended ability to generate acceptable accuracy upon the results of interlaboratory 
that the secondary dilution standard be and precision with this method. This testing. When they become available. 
prepared at a concentration of 15 /Jg/mL ability is established as described in these criteria must be met before any 

of each internal standard compound. Section 8.2. samples may be analyzed. 
The addition of 10 pL of this standard 
to 5.0 mL of sample or calibration 8. 1.2 In recognition of the rapid 8.3 The analyst must calculate 
standard would be equivalent to advances that are occurring in chroma- method performance criteria and define 
30 Mg/L. tography, the analyst is permitted the performance of the laboratory for 

certain options to improve the each spike concentration and parameter 
7.4.3 * Analyze each calibration separations or lower the cost of being measured. 
standard, according to Section 10, measurements. Each time such 8.3. 1 Calculate upper and lower 
adding 10 p L of internal standard modifications are made to the method, control limits for method performance: 
spiking solution directly to the syringe the analyst is required to repeat the 

as indicated in Section 10.4. Tabulate procedure in Section 8.2. Upper Control Limit (UCL) = R + 3s 
peak height or area responses against Lower Control Limit (LCL) = R - 3s 
concentration for each compound and 8. 1.3 The laboratory must spike and 

analyze a minimum of 10% of all where R and s are calculated as ininternal standard, and calculate 
response factors (RF) for each com- samples to monitor continuing Section 8.2.3 

pound 	using equation 1. laboratory performance. This procedure The UCL and LCL can be used to 
Eq.is described in Section 8.4. construct control charts( ii that are use

where: 	 8.2 To establish the ability to ful in observing trends in performance. 

Response for the parameter to generate acceptable accuracy and The control limits above must be ,As 
replaced by method performancebe measured, 	 precision, the analyst must perform the 


following operations. 
 criteria as they become available fromAis = 	 Response for the intern-d U.S. Environmental Protectionstanard.the 
8.2. 1 Select a representative spike Agency.standard. 

C,, - Concentration of the internal concentration for each compound to be 

standard. measured. Using stock standards, 8.3.2 The laboratory must develop 
C, = Concentration of the prepare a quality control check sample and maintain separate accuracy state

parameter to be measured, concentrate in methyl alcohol 500 ments of laboratory performance for 

If the RF value over the working range times more concentrated than the wastewater samples. An accuracy 

is a constant (----1 0% RSD), the RF selected concentrations. Quality statement for the method is defined as 

can be assumed to be invariant and the control check sample concentrates. R ± s. The accuracy statement should 
be developed by the analysis of four 

average RF can be used for calculations, appropriate for use with this method, 
aliquots of wastewater as described in

%d will be available from the U.S.Alternatively, the results can be, 
Section 8.2.2. followed by the 

to plot a calibration curve of response Environmental Protection Agency, 
calculation of R and s. Alternately, theEnvironmental Monitoring and Supportratios, A,/Ai, vs. RF. 
analyst may use four wastewater dataLaboratory, Cincinnati, Ohio 45268. 

7.4.4 The working calibration curve 	 points gathered through the requirement 

or RF must be verified on each working 8.2.2 Using a syringe, add 10 JL of for continuing quality control in Section 

day by the measurement of one or the check sample concentrate to each 8.4. The accuracy statements should 

more calibration standards. If the of a minimum of four 5-mL aliquots of be updated regularly17i . 

response for any parameter varies from reagent water. A representative waste- 8.4 The laboratory is required to 
the predicted response by more than water may be used in place of the colle aoror of eres in 

± 10%, the test must be repeated reagent water, but one or more addi- collect a portion of their samples in 
using a fresh calibration standard. tional aliquots must be analyzed to duplicate to monitor spike recoveries. 
Alternatively, a new calibration curve determine background levels, and the The frequency of spiked sample 

samples or one sample per month.must be prepared for that compound, spike level must exceed twice the smlso apeprmnhbackground level for the zest to be 	 n 

valid. Analyze the aliquots according to whichever is greater. One aliquot of the8. Quality Control 	 the method beginning in Section 10. sample must be spiked and analyzed as 
described in Section 8.2. If the 
recovery for a particular parameter 

8.1 Each laboratory that uses this 
method is required to operate a formal 8.2.3 Calculate the average percent 

quality control program. The minimum recovery, (R). and the standard devia- does not fall within the control limits 

tion of the percent recovery (s), for the for method performance, the resultsrequirements of this program consist of 
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reported for that parameter in all 
samples processed as part of the same 
set must be qualified as described inSection 11 .3. The laboratory should 
monitor the frequency of data so 

qualified to ensure that it remains at or 
eo e e 

below 5%. 

8.5 Each day, the analyst must 

demonstrate through the analysis of 

reagent water, that interferences from 

the analytical system are under control. 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specific practices that are 
most productive depend upon the 
needs of the laboratory and the nature 
of the samples. Field duplicates may be 
the sapigtcnqe hndutanalyzed to monitor the precision of 
eisampling technique. When doubt 

exitsoerheidentificationfaory 
on the chromatogram, confirmatory 

techniques such as gas chromatography 
with a dissimilar column, specific . 
element detector, or mass spectrometer 
must be used. Whenever possible, the 

laboratory should perform analysis of 

standard reference materials and 

in relevant performanceparticipate ireeatpfomneintroduction
evaluation studies. 

8.7 The analyst should maintain 

constant surveillance of both the per-
formance of the analytical system and 
the effectiveness of the method in 
dealing with each sample matrix by 
spiking each sample, standard and 
blank with surrogate compounds (e.g. 

a.o.a,-trifluorotoluene). From stock 
standard solutions prepared as above, 
add a volume to give 7500 Mg of each 

surrogate to 45 mL of organic-free 
water contained in a 50-mL volumetric 
flask, mix and dilute to volume (1 5 
ng/ML). If the internal standard calibre-
tion procedure is being used, the 

surrogate compounds may be added 
directly to the internal standard spiking 

solution Section 7.4.2). Dose 10 /L 

of this surrogate spiking solution 

directly into the 5-mL syringe with 

every sample and reference standard 

analyzed. Prepare a fresh surrogate 

spiking solution on a weekly basis. 

9. Sample Collection, 
Preservation, and Handling 

9.1 The samples must be iced or 
refrigerated from the time of collection 
until extraction. If the sample contains 
free or combined chlorine, add sodium 
thiosulfate preservative (10 mg/40 mL 

is sufficient for up to 5 ppm Cl 2) to the 
empty sample bottles just prior to 
shipping to the sampling site. USEPA 

Methods 330.4 or 330.5 may be used 

to measure residual chlorine81 . Field 
Test Kits are available for this purpose. 

9.2 Collect about 500 mL sample in 
duttep fteAacencnanra clean container. Adjust the pH of the 

sampl'j to about 2.by adding 1 + 1 HCI 
wh':e stirring gently. Fill the sample 
bottle in such a manner that no air 

bubbles pass through the sample as the 

bottle is being filled. Seal the bottle so 

that no air bubbles are entrapped in it. 

Maintain the hermetic seal on the 

sample bottle until time of analysis. 

9.3 All samples must be analyzed 
within 14 days of collection.131  

10. Sample Extraction and 
Gas Chromatograohy 

recommended operating conditions for 
r0.1 Table 1 summarizes the 
the gas chromatograph. Included in this 
table are estimated retention times and 
method detection limits that can bpe 
acheve bymerthis method. Aneexample 
achieved by this method. An example 
of the separations achieved by Column 
1 is shown in Figure 6. Other packed 

columns, chromatographic conditions, 

or detectors may be used if the 

requirements of Section 8.2 are met. 

10.2 Calibrate the system daily as 

described in Section 7. 

10.3 Adjust the purge gas (nitrogen 

or helium) flow rate to 40 mLlmin. 

Attach the trap inlet to the purging 

device, and set the device to purge. 

Open the syringe valve located on the 
purging device sample introduction 
needle. 

10.4 Allow sample to come to 
ambient temperature prior to introduc-
ing it into the syringe. Remove the 
plunger from a 5-mL syringe and attach 
a closed syringe valve. Open the 
sample bottle (or standard) and care

fully pour the sample into the syringe 
barrel to just short of overflowing. 

Replace the syringe plunger and 

compress the sample. Open the syringe 

valve and vent any residual air while 

adjusting the sample volume to 5.0 

mL. Since this process of taking an 

aliquot destroys the validity of the 

sample for future analysis, the analyst 

should fill a second syringe at this time 
to protect against possible loss of data. 

Add 10.0 ML of the surrogate spiking 

solution (Section 8.7) and 10.0 ML of 
the internal standard spiking solution 
(Section 7.4.2), if applicable, through 
the valve bore, then close the valve. 

10.5 Attach the syringe-syringe 

valve assembly to the syringe valve on 
the purging device. Open the syringe 
valves and inject the sample into the 


purging chamber. 


10.6 Close both valves and purge the 
sample for 12.0 ± 0. 1 minutes at 
ambient temperature. 

10.7 After the 12-minute purge time, 

disconnect the purge chamber from the 
trap. Dry the trap by maintaining a flow 
of 40 mLimin of dry purge gas through 

it for six minutes. See Figure 4. A dry 

purger should be inserted into the 

device to minimize moisture in the gas. 

Attach the trap to the chromatograph. 
adjust the device to the desorb mode, 
and begin to temperature program the 
gas chromatograph. Introduce the 
trapped materials to the GC column by 
rapidly heating the trap to 180 *C 
while backflushing the trap with at, 
inert gas between 20 and 60 mL/min 
for four minutes. If rapid heating
cantbahiedtegs
cannot be achieved, the gas 
chromatographic column must be used 
as a secondary trap by cooling it to 
30 C (subambient temperature, if poor 

tinai problems persist) instead of the 
initial program temperature of 50 °C. 

While the trap is being desorbed10.8 
onto the GC column, empty the 

purging chamber using the sample 

syringe. Wash the 
chamber with two 5-mL flushes of 

reagent water. 

10.9 After desorbing the sample for 
four minutes, recondition the trap by 
returning the purge and trap device to 
the purge mode. Wait 15 seconds then 
close the syringe valve on the purging 
device to begin gas flow through the 
trap. The trap temperature should be 
maintained at 180 *C. After approxi
mately seven minutes, turn off the trap 
heater and open the syringe valve to 
stop the gas flow through the trap. 
When cool, the trap is ready for the 
next sample. 

The width of the retention10.10 
time window used to make identifica

tions should be based upon measure
ments of actual retention time variations 

of standards over the course of a day. 

Three times the standard deviation of a 

retention time for a compound can be 

used to calculate a suggested window 

size; however, the experience of the 

analyst should weigh heavily in the 
interpretation of chromatograms. 

10. 11 If the response for the peak 

exceeds the working range of the 
system, prepare a dilution of the 
sample with reagent water from the 

aliquot in the second syringe and 
reanalyze. 

11 . Calculations 

11.1 Determine the concentration of 

individual compounds in the sample. 
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1. 7.1 If the external standard cali-
bration procedure is used. calculate the 
concentration of material from the peak 
response using the calibration curve or 
calibration factor determined in Section 
7.3.2. 

77.1.2 If the internal standard cali-
bration procedure was used, calculate 

the concentration in the sample using 

the response factor (RF)determined in 

Section 7.4.3 and equation 2. 


Eq. 2. 

Concentration pg/L = (A5C,)/(A,5 )(RF) 

where: 


A, = Response for the parameter to 
be measured. 

Ai$ = Response for the internal 
standard. 

C,, = Concentration of the internal 
standard. 

11.2 Report results in micrograms 
per liter. When duplicate and spiked 
samples are analyzed. report all data 
obtainejd with the sample results. 

11.3 For samples processed as part 
of a set where the spiked sample 
recovery falls outside of the control 
limits which were described in Section 
8.3, data for the affected parameters 
must be labeled as suspect. 

12. Method Performance 

12.1 The method detection limit 
(MDL) is defined as the minimum con-
centration of a substance that can be 
measured and reported with 99% 
confidence that the value is above 
zero11 . The MDL concentrations listed 
in Table 1 were obtained using reagent 
water' 9 . Similar results were achieved 
using reprasentative wastewaters. 

12.2 This method has been demon-
strated to be applicable for the concen-
tration range from the MDL up to 1000 
x MDLI91. Direct aqueous injection 
techniques should be used to measure 
concentration levels above 1000 x 
MDL. 

12.3 In a single laboratory (Monsanto 
Research), using reagent water and 
wastewaters spiked at or near 
background levels, the average 
recoveries presented in Table 2 were 
obtained 9 . The standard deviation of 
the measurement in percent recovery is 
also included in Table 2. 

12.4 The Environmental Protection 
Agency is in the process of conducting 
an interlaboratory method study to 
fully define the performance of this 
method. 
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Table 1. Chromatographic Conditions and Method Detection Limits 

Retention Time Method 
(min. Detection Limit 

Parameter Column I Column 2 Pg/L 

0.23.33 2. 75Benzene 
5.75 4.25 0.2Toluene 

0.28.25 6.25EthVlbenzene 
9. 17 8.02 . 0.2Chlorobenzene 

16.2 0.31,4.Dichlorobenzene 16.8 
0.41,3.Dichlorobenzene 18.2 15.0 
0.41, 2-Dichlorobenzene 25.9 19.4 

Column I conditions: Supelcoport 100/120 mesh coated with 5% SP- 1200 and 

x 0.085 in ID stainless steel column with1. 75% Bentone-34 packed in a 6 ft. 
flow rate. Column temperature held at 50 OC for 2helium carrier gas at 36 cc/mhm 

min. then programmed at 6 0C/min to 90 OC for a final hold. 
W-AW 60/80 mesh coated with 5%Column 2 conditions: Chromosorb 

0.085 in ID stainless1, 2,3.Tris(2-cvanoethoxyipropanepacked in a 6 ft. x 

steel column with helium carrier gas at 30 cc/min flow rate. Column temperature 

held at 40C for 2 min then programmed at 20 C/min to 100 0 C fora final hold. 

Table 2. Single Operator Accuracy and Precision 

Average 
Percent 

Standard 
Deviation 

Spike 
Range 

Number 
of Matrix 

Parameter Recovery % (Mg/Li Analyses Types 

Benzene 
Chiorobenzene 
1,2.Dirhlorobenzene 
1, 3.Dichlorobenzene 
1,4.Dichloobenzene 
Ethylbenzene 
Toluene 

91 
97 

104 
97 

120 
98 
77 

10.0 
9.4 

27. 7 
20.0 
20.4 
12.4 
12.1 

0.5-9.7 
0.5-100 
0.5-10.0 
0.5-4.8 
0.5-10.0 
0.5-9.9 
0.5-100 

21 
21 
21 
21 
21 
21 
21 

3 
3 
3 
3 
3 
3 
3 
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,.. exit 6mm 0.0. Rubber Septum 
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-
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StainlessSteel 

9 ' in. 0.0. 13X molecular 

V Il / sieve purge 
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-Purge gas 
flow control 
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medium porosity 

Figure 1. Purging device 

Construction 
Packing procedure Compression fitting 

wl 56mm nut and ferrulesto14ft 7-/foot resistance 
,' , wire wrapped solid 

Thermocouple/controller!' e 

• , Electronic 

temperature
Tenax 23cm .~iz control 

';. and 
: pyrometer 

, .. J Tubing 25 cm. 
; ' ... J. . 1 5 in. I.D. 

O.1.25 i. O.D. 
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3 OV1 1cm--

Glass wool 5mm 
Trap inlet 

Figure 2. Trap packings and construction to include desorb capability 
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Carrier gas flow control Liquid injection ports/ Column oven 

Pressure regulator Confirmatory column 

|I To detector 

II 111Valve.3 
Analytical column 

II IIIoptional 4 -port column 

Purge gas selection valve 
rap inlet (Tenx end)flow control PP g ing l I ra

rie alVe Resistance wire 

Of.. Heater controlTrap Trap 
13X molecular 
sieve filter 

Vent Note: All lines betweentrap and GC 

should be heated 
to 800CValve-2 

Figure 3. Purge-trap system (Purge-sorb Mode) 

Carrier gas flow control Liquid injection ports Column oven 
Pressure regulator 

Confirmatory column 
I To detector 

--- Analytical column 

Valve-3 

optional 4-port column
selection valve"g"as
Purg 


Purge gas Trap inlet (Tenax end) 
flow control,\ Purging Valve- i Resistance wire 

deviceHeater control 

13X molecular flow 220C 

sieve filter 

Vn Note: All lines between 
trap and GC 

should be heated 
- Valve.2 to 800C 

Figure 4. Purge-trap system (Trep-dry Mode). 
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Figure 5. Purge-trap system (Desorb Mode). 
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Figure 6. Gas chromatogram of purgeable aromatics. 
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United States 	 Environmental Monitoring and 
Support LaboratoryEnvironmental Protection 
Cincinnati OH 45268Agency 

Research and Development 

,EPA 	 Test Method 

Acrolein and Acrylonitrile-
Method 603 

1. Scope and Application 

1.1 This method covers the determi
nation of acrolein and acrylonitrile. The 
following parameters may be 
determined by this method: 

STORET No. CAS No.Parameter 

34210 107-02-8Acrolein 
107-13-134215Acrylonitrile 

Any modification of this method,1.2 This is a purgt and trap gas 1.4 
beyond those expressly permitted,chromatographic method applicable to 
shall be considered as major modificathe determTination of the compounds 

listed above in municipal and industrial 	 tions subject to application and 
approval of alternate test proceduresdischarges as provided under 40 CFR 
under 40 CFR 136.4 and 136.5136.1. When this method is used to 

analyze unfamiliar samples for either or 1.5 This method is restricted to use 
both of the compounds above, by or under the aupervision of analysts 

compound identifications should be experienced in the operation of a purge 
supported by at least one additional and trap system and a gas chromato
qualitative technique. This method graph IGC) and in the interpretation of 

describes analytical conditions for a GC chromatograms. Each analyst must 
second gas chromatographic column demonstrate the ability to generate 
that can be used to confirm acceptable results with this method 

measurements made with the primary using the procedure described in 
column. Method 624 provides gas Section 8.2. 
chromatograph/mass spectrometer 
(GC/MS) conditions appropriate for the 2. Summary of Method 
qualitative and quantitative 
confirmation of results for the 2.1 An inert gis is bubbled through a 

5-mL water sample contained in aparameters listed above, if used with 
the purge and trap conditions described heated purging chamber. Acrolein and 

in this method. acrylonitrile are transferred from the 
aqueous phase to the vapor phase. The 
vapor is swept through a sorbent trap1.3 	 The method detection limit (MDL, 
where the analytes are trapped. Afterdefined in Section 12.1 )111for each 
the purge is completed, the trap isparameter is listed in Table 1. The MDL 
heated and backflushed with the inertfor a specific wastewater may differ 
gas to desorb the compounds onto afrom those listed, depending upon the 
gas cnromatographic column. The gas

nature of interferences in the sample 
chromatograph is temperaturematrix. 
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programmed to separate the analytes 
which are then detected with a flame 
ionization detector 1: 31. 

2.2 The method provides an optional 
gas chromatographic column that may 
be helpful in resolving the compounds 
of interest from the interferences that 
may occur. 
3. Interferences 

3.1 Impurities in the purge gas and 
organic compounds out-gassing from 
the plumbing ahead of the trap account 
for the majority of contamination 
problems. The analytical system must 
be demonstrated to be free from 
contanination under the conditions of 
tne analysis by running laboratory 
reagent blanks as described in Section 
8.5. The use of non-TFE plastic tubing, 
non-TFE thread sealants, or flow 
controllers with rubber components in 
the purging device should be avoided. 

3.2 Sample., can be contaminated by 
diffusion of volatile organics through 
the septum seal into the sample during 
shipment and storage A field reagent 
blank prepared from reagent water and 

carried through the sampling and 
handling protocol can serve as a check 

on such contamination, 

3.3 Contamination by carry-over can 
occur whenever high level and low 
level samples are sequentially 
analyzed. To reduce carry-over, the 
purging device and sample syringe 

must be rinsed out between samples 
with reagent water. Whenever an 
unusually concentrated sample is 

encountered, it should be followed by 

an analysis of reagent water to check 
for cross contamination. For samples 
containing large amounts of water-
soluble materials, suspended solids, 
high boiling compounds or high analyte 
levels, it may be necessary to wash out 
the purging device with a detergent 
solution, rinse it with distilled water, 
and then dry it in a 105 *C oven 
between analyses. The trap and other 
parts of the system are also subject to 
contamination, therefore, frequent 
bakeout and purging of the entire 
system may be required. 

4. Safety 

4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been prt.cisely defined; however, 
each chemical compound should be 
treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must be reduced to the 
lowest possible level by whatever 
means available. The laboratory is 

responsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
ref eren. e file of material data handling 
sheets should also be made available to 
alE personnel involved in the chemical 
analysis. Additional references to 
laboratory safety are available and 

have been identified 4 61 - for the 
information of the analyst. 

5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
sampling. 

5.1. 1 Vial- 25-mL capacity or larger, 
equipped with a screw cap with a hole 
in the center (Pierce #13075 or 
equivalentl. Detergent wash, rinse with 
tap and distilled water and dry at 
105 *C before use. 

5. 1.2 Septum-Teflon-f hced silicone 
(Pierce #1 2722 or equivalent). 
DeterGent wash, rinse with tap and 
distilled water, and dry at 105 OC for 
one hour before use. 

5.2 Purge and trap device--The 
purge and trap device consists of three 

separate pieces of equipment: the 
sample purger, the trap, and the 
desorber. Soveral complete devices are 
now commercially available. 

5.2. 1 The sample purger must be 
designed to accept 5-mlfntnples with 

a water column at least 3 ch-rdeep. 
The gaseous head space between the 

water column and the trap must have a 

total volume of less than 15 mL. The 

purge gas must pass through the water 
column as finely divided bubbles with a 

diameter of less than 3 mm at the 
origin. The purge gas must be intro-
duced no more than 5 mm from the 
base of the water column. The purge 
device must be capable of being heated 
to 85 °C within 3.0 minutes after 
transfer of the sample to the purge 
device and being held at 85 ± 2 OC 
during purge cycle. The entire water 
column in the purge device must be 
heated. Design of this modification to 
the standard purge device is optional. 
however, use of a water bath is 
suggested. d5 

5.2. 1.1 Heating mantle-To be used 
to heat water bath. 

5.2. 1.2 Temperature controller-
equipped with thermocouple/sensor to 
accurately control water bath tempera-
ture to ± 2 OC. The sample purger 
illustrated in Figure 1 meets these 
design criteria. 
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5.2.2 The trap must be at least 25 
cm long and have an inside diameter of 
at least 0.105 inch. The trap must be 
packed to contain 1.0 cm of methyl 
silicone coated packing (Section 6.5.2) 
and 23 cm of 2,6-diphenylene oxide 
polymer (Section 6.5.1). The minimum 
specifications for the trap are 
illustrated in Figure 2. 
5.23 The desorber must be capable 
of rapidly heating the trap to 100 1C. 

The polymer section of the trap should 
not be heated higher than 180 1C. The 

desorber. illustrated in Figure 2, meets 

5.2.4 The purge and trap device may 
be assembled as a separate unit as 
illustrated in Figure 3 or be coupled to a 
gas chromatograph. 

5.3 pH paper-Narrow pH range, 
about 3.5 to 5.5 (Fisher Scientific 
Short Range Alkacid No. 2, #14-837-2 
or equivalent). 

5.4 Gas chromatograph-An analytical 
system complete with a temperature 
programmable gas chromatograph 
suitable for on-column injection and all 

required accessories including syringes. 
analytical columns, yases, detector, 

and strip-chart recorder. A data system 
is recommended for measuring peak 
areas. 
5.4. 1 Column 1 -6 ft long x 0.1 in 

ID stainless steel or glass, packed with 
Durapak-Carbowax 400/Porasil-C 
(100/120 , e-: or equivalent. This 
column was used to develop the 
method performance statements given 
in Section 12. Guidelines for the use of 

alternate column packings are provided 
in Section 10. 1. 

5.4.2 Column 2- 6 ft long x 0.1 in 
ID stainless steel or glass, packed with 
Chromosorb 101 (60/80 meshl or 
equivalent. 

5.4.3 Detector-Flame ionization. 
This type of detector has proven effec
tive in the analysis of wastewaters for 
the parameters listed in the scope, and 
was used to develop the method per
formance statements in Section 12. 
Guidelines for the use of alternate 
detectors ,re provided in Section 10. 1. 

Syrin..-s-5-ml. glass 

hypodermic with Luerlok tip (two 
each). 

5.6 Micro syringes--25/JL. 
5.7 Syringe valve, 2-way with Luer 
ends (three each). 

5.8 Bottle- I 5-mL screw-cap with 
Teflon cap liner. 

/
 



5.9 	 Balance- Analytical. capable of 
iccurately weighing 0.000 1 g. 

6. Reagents 

6.1 Reagent water-Reagent water is 
ferent is not observed at the MDL of 
tearmetsn oseret. theseveral 
the parameters of interest. 

6. 1. 1 Reagent water can be gener-
ated by passing tap water through a 
carbon filter bed containing about one 
pound of activated carbon (Filtrasorb-
300 or equivalent, Calgon Corp). 

6. 1.2 A water purification system 
(Millipore Super-Q or equivalent) may 
be used to generate reagent water. 

6.1.3 Reagent water may also be 
prepared by boiling water for 15 

ing the temperature at 90 C. bubble a 

contaminant-free inert gas through the 

water foe one hour. While still hot, , 
transfer the-water to a narrow mouth 
screw cap bottle and seal with a Teflon 

lined septum and cap. 

6.2 Sodium thiosulfate-(ACS) 
Granular. 

6.3 Sodium hydroxide solution (10 

N)-Dissolve 40 
g 
g NaOH in reagent 

watrn)--Dislte to00 nashould 
water and dilute to 100 mL. 

6.4 Hydrochloric acid solution (1 + 1)-
Slowly add 50 mL concentrated HCI to 
50 mL reagent water. 

6.5 Trap Materials 

6.5. 1 2.6-Diphenylene oxide polymer, 
Tenax (60/80 mesh) chromatographic 
grade. 

6.5.2 Methyl Silicone packing-3% 
OV-1 on Chromosorb-W (60/80 mesh) 
or equivalent. 

6.6 Stock standard solutions-Stock 
standard solutions may be prepared 
from pure standard materials or 

purchased as certified solutions. 


Prepare stock standard solutions in 

reagent water using assayed liquids.
Sincen aterin asad liuids,re 
Since acrolein and acrylonitrile are 

pnightahrycmosrimary diutions of 

in a hood. A NIOSH/MESA approved 
toxic gas respirator should be used 
when the analyst handles high concen

trations of such materials. 

Place about 9.8 mL of reagent6.6. 1 
water into a 10-mL ground glass 
stoppered volumetric flask. For acrolein 

Weigh the flaskw.adjusted to pH 4 to 
to the nearest 0.1 mg. 

6.6.2 Using a 100-jiL syringe, 
immediately add two or more droos of 

assayed reference material to the flask. 
then reweigh. Be sure that the drops 
fall directly into the water without 
contacting the neck of the flask. 

6.6.3 Reweigh, dilute to volume, 
stopper, then mix by inverting the flask 

times-Calculate the concentra-
tion in micrograms per microliter from 

the net gain in weight. When com-
pound purity is assayed to be 96% or 
greater, the weight can be used 
without correction to calculate the 
concentration of the stock standard. 
Commercially prepared stock standards 
may be used at any concentration if 
they are certified by the manufacturer 
or by an independent source. 

6.6.4 Transfer the stock standard 
solution into a Teflon-sealed screw-cap 
bottle. Store at 4 0C and protect from 

light. 

6.6.5 Prepare fresh standards 
weekly. 

6.7 Secondary dilution standards-
Using stock standard solutions, prepare 
secondary dilution ;tandards in reagent 
water that contain the compounds of 

interest, either singly or mixed together. 
The secondary dilution standards 

be prepared at concentrations 
such that the aqueous calibration stan-

dards prepared in Sections 7.3.1 or 
7.4.1 will bracket the working range of 
the analytical system. Secondary 
dilution standards should be prepared 
weekly and stored at 4 OC. They should 
be checked frequently for signs of 
degradation or evaporation. Quality 
control check standards that can be 
used to determine the accuracy of 
calibration standards will be available 
from the U.S. Environmental Protection 
Agency, Environmental Monitoring and 

Support Laboratory, in Cincinnati, 
Ohio. 

7. Calibration 

7.1 Assemble a purge and trap 
device that meets the specifications in 
Section 5.2. Condition the trap over-

at 180 0 C by backflushing with 
an inert gas flow ol at least 20 mJmin. 
Prior to use, daily condition traps 10 
minutes while backflushing at 180 *C. 

7.2 Connect the purge and trap 

device to a gas chromatograph. The 
gas chromatograph must be operated 
using temperature and flow rate 
parameters equivalent to those in Table 

1. Calibrate the purge and trap-g3s 
chromatographic system using either 
the external standard technique 
(Section 7.3) or the internal standard 
technique (Section 7.4). 

7.3 External standard calibration 
procedure: 

7.3. . Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter by carefully 
adding 20.0 pL of one or more 
secondary dilution standards to 100, 
500, or 1000 mL of reagent water. A 

25-juL syringe should be used for this 
operation. One of the external 
standards should be at a concentration 
near, but above, the method detection 
limit and the other concentrations 
should correspond to the expected 
range of concentrations found in real 
samples or should define the working 
range of the detector. These standards 

must be prepared fresh daily. 
7.3.2 Analyze each calibration 
standard according to Section 10, and 

tabulate peak height or area responses 
versus the concentration of the 
standard. The results can be used to 
prepare a calibration curve for each 

compound. Alternatively, if the ratio of 
response to concentration (calibration 
factor) is a constant over the working 
range ( --- 10% relative standard devia

tion, RSD), linearity through the origin 

can be assumed and the average ratio 
or calibration factor can be used in 
place of a calibration curve. 

7.3.3 The working calibration curve 
or calibration factor must be verified on 
each working day by the measurement 
of one or more calibration standards. If 
the response for any parameter varies 
from the predicted response by more 
than ± 10%, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
or calibration factor must be prepared
 
for that compound.
 

7.4 Internal standard calibration
 
procedure. To use this approach, the
 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 
aayia eairt h opud 
of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected by 
method or matrix interferences. 

Because of these limitations, no 
internal standard can be suggested that 
is applicable to all samples. 

7.4. 1 Prepare calibration standards
 

at a minimum of three conientration
 
levels for each parameter of interest as 
described in Section 7.3.1. 

7.4.2 Prepare a spiking solution 
containing each of the internal 
standards using the procedures 
described in Sections 6.6 and 6.7. It is 
recommended that the secondary 
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dilution standard be prepared at a 
concentration of 15 /JgimL of each 
internal standard compound. The 
addition of 10 jL of this standard to 
5.0 mL of sample or calibration, 
standard would be equivalent to 30 
IuglL. 

7.4.3 Analyze each calibration 
standard according to Section 10 
adding 10 L of internal standard 
spiking solution directly to the syringe 
(Section 10.4). Tabulate peak height 
or area responses against concentra-
tion for each compound and internal 
standard, and calculate response 
factors (RF)for each compound using 
equation 1. 

Eq. 1 RF = IA3C1,)/(A 1 C1 ) 
where: 
A, = Response for the parameter to 

be measured. 
A,, =.Response for the internal 

standard. 
CIS = Concentration of the internal 

standard. 
C, = Concentration of the 

parameter to be measured. 

If the RF value over the working range 
is a constant (-1 0% RSDI, the RF 
can be assumed fo be invariant and the 
average RF can be used for calculations. 
Alternatively, the results can be used 
to plot a calibration curve of response 
ratios. A./A,, , vs. RF. 

7.4.4 The working calibration curve 
or RF must be verified on each working 
day by the measurement of one or 
more calibration standards. If the 
response for any parameter varis from 
the predicted response by more than 
t 10%, the test must be repeated 

using a fresh calibration standard. 
Alternatively, a new calibration curve 
must be prepared for that compound. 
8. Quality Control 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality control program. The minimum 
requirements of this program consist of 
an initial demonstration of laboratory 
capabdiity and the analysis of spiked 
samples as acontinuing check on 
performance. The laboratory is required 
to maintain performance records to 
define the quality of data that is 
generated. Ongoing performance 
checks must be compared with 
established performance criteria to 
determine if the results of analyses are 
within accuracy and precision limits 
expected of the method. 

and precision with this method. This 
ability is established as described in 
Section 8.2. 
8. 1.2 In recognition of the rapid 
advances that are occurring in chrome-
tography, the analyst is permitted 
certain options to improve the separa-

tions or lower the cost of measure-
ments. Each time such modifications 
are made to the method, the analyst is 
required to repeat the procedure in 

Section 8.2. 

8. 1.3 The laboratory must spike and 

analyze a minimum of 10% of all 
samples to monitor continuing labora-
tory performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and pre-
cision, the analyst must perform the 
following operations. 
8.2. 1 Select a representative spike 
concentration for each compound to be 
measured. Using stock standards. 
prepare a quality control check sample 
concentrate in reagent water 500 

times more concentrated than the 
selected concentrations. Quality 
control check sample concentrates, 
appropriate for use with this method, 
will be available from the U.S. 
Environmental Protection Agency, 
Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio 45268. 

"-v eel 
8.2.2 Using a syringe, add 10 /Lof 
the check sample concentrate to each 
of a minimum of four 5-mL aliquots of 
reagent water. A representative waste-

water may be used inplace of the 
reagent water, but one or more addi-
tional aliquots must be analyzed to 
determine background levels, and the 
spike level must exceed twice the 
backgrouod love! for the test to be 
valid. Analylzb the aliquots according to 

the method beginning in Section 10. 
8.2.3 Calculate the average percent 
recovery. (RI, and the standard devia-
tion of the percent recoveiy (s), for the 
results. Wastewater backgrourHl 
corrections must be made befora R and 
scalculations are performed. 

8.2.4 t:PhNg Table 2, note the average 
recovery (X)and standard deviation (p) monitor the frequency of data zo 

expected for each method parameter. 
Compare these to the calculated values 
for R and s. If s =-2p or IX - RI: 2p, 
review potential problem areas and 
repeat the test. 

8.2.5 The U.S. Environmental 

testing. When they become available. 
these criteria must be met before any 
samples may be analyzed. 
8.3 The analyst must calculate 
method performance criteria and define 
the performance of the laboratory for 
each spike concentration and parameter 
being measured. 

8.3. 1 Calculate upper and lower 
control limits for method performance: 

Upper Control Limit IUCL) = R + 3s 
Lower Control Limit (LCL) - R - 3s 

where R and s are calculated as in 
Sections 8.2.3. 

The UCL and LCL can be used to 
construct control charts17 ) that are 
useful in observing trends in 
performance. The control limits above 
must be replaced by method perfor
mance criteria as they become avail
able from the U.S. Environmental 
Protection Agency. 
8.3.2 The laboratory must develop 
and maintain separate accuracy state
ments of laboratory performance for 

wastewater samples. An accuracy 
statement for the method is defined as 
R ± s. The accuracy statement should 
be developed by the analysis of four 
aliquots of wastewater as described in 
Section 8.2.2, followed by the calcu
lation of R and s. Alternately, (he 
analyst may use four wastewater data 

points gathered through the r,juir.'
ment for continuing quality coiitrol in 
Section 8.4. The accuracy statements 
should be updated regularly17 ). 

8.4 The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries. 
The frequency of spiked sample 
analysis must be at least 10% of all 
samples or one sample per month, 
whichever is greater. One aliq, ot of the 

sample must be spiked and analyzed as 
described in Section 8.2. If the 
recovery for a particular parameter 
does not fall within the control limits 
for method performance, the results 
reported for that parameter in all 
samples processed as part of the same 
set must be qualified as described in 
Section 11.3. The laboratory should 

qualified to ensure that it remains at or 
below 5%. 

8.5 Each day, the analyst must 
demonstrate through the analysis of 
reagent water, that interferences from 
the analytical system are under control. 

8. 1.1 Before performing any analyses, Protection Agency plans to establish 
8.6 It is recommended that the

the an3lyst must demonstrate the performance criteria for R and s based 
upon the results of imerlaboratory laboratory adopt additional quality

ability to generate acceptable accuracy 
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assurance practices for tise with thi; 

method. The specific practices that are 

most productve depend upon the 
needs of the laboratory and the nature 
of the samples. Field duprcates may be 
analyzeding tec he precsondof 
the samplng technique. When doubt 
exstse 

chromatogram. confirmatory 
techniques such as gas chromatography 
with a dissimilar column, specific ele-

ment detector, or mass spectrometer 
must be used. Whenever possible, the 
laboratory should perform analysis of 
standard reference materials and 
participate in relevant performance 
evaluation studies, 

9. Sample Collection, 

Preservation, and Handling 


9.1 The samples must be iced or 


refrigerated from the time of collection 


until extraction. If the sample contains 


free or combined chlorine, add sodium 


thiosulfate preservative (10 mg/40 mL 


is sufficient for up to 5 ppm C; 2 ) to the 


empty sample bottles lust prior to 


shipping to the samling site. EPA 

may bemethods 330.4 and 330. eof chlorineor m 3o0.fusehdsused for measurementasuremnt c 

residualsi. Field test kits are available 

for this purpose. 

9.2 If acrolein is to be analyzed, 
collect about 500 mL sample in a clean 
glass container. Adjust the pH of the 
sample to 4 to 5 using acid or base, 
measuring with narrow range p-I paper. 

Samples for acrolein analysis receiving 
no pH adjustment must be analyze 

within three days of sampling. 

9.3. 	 Fill a sample bottle lust to 

manner that no
overflowing in such a 

air bubbles pass through the sample as 

the oottle is being filled. Seal the bottle 

so that no air bubbles are entrapped in 

it. If preservative has been added, 


shake vigorously for one minute. 


Maintain the hermetic seal on the 


sample bottle until time of analysis. 


9.4 All samples must be analyzed 


within 14 days of collectionl 
3i. 


10. Sample Extraction and 
Gas Chromatography 

10.1 Table 1 summarizes the 

recommended operating conditions for 
the gas chromatograph. Included in this 

-Table are estimated :etention times and 

MDL that can be achieved by this 

method. An example-	 ' the separations 

achieved by Column 1 is shown in 


Figurc 4. Other packed columns, 


chromatographic conditions, or 

detectors may be used if the require-

ments of Section 8.2 are met. 

10.2 Calibrate the system daily as 

described in Section 7. 

10.3 Adjust the purge gas (nitrogen 
or helium) flow rate to 20 mL/min. 
Attach the trap inlet to the purging 
device, and set the device to purge. 
Open the syringe valve located on the 
purging device sample introduction 
needle. 

10.4 Remove the plunger from a 
5-mL syringe and attach a closed 

syringe valve. Open the sample bottle 
(or standard) and carefully pour the 
sample into the syringe barrel to just 
shoit :f overflowing. Replace the 
syringe plunger and compress the 

sample. Open the syringe valve and 

vent any residual air while adjusting the 
sample volume to 5.0 mL. Since this 

process of taking an aliquot destroys 

the validity of the sample for future 

analysis, the analyst should fill a 

second syringe at this time to protect 
against possible loss of data. Add 10.0 

uL of the internal standard spiking 

solution iSection 7.4.2). if applicable, 

through the valve bore then close the 


valve,

10 5AttaSection 

e 

valve assembly to the syringe valve on 

the purging device. Open the syringe 

valves and inject the sample into the 

purging chamber. 

10.6 Close both valves and purge the 
sample for 15.0 ± 0.1 minutes while 

heating at 85 ± 2 *C. 


10.7 After the 15-minute purge time,. 

When cool the trap is ready for the 

next sample. 

10.10 The width of the retention 
time window used to make identifica
tions should be based upon measure
ments of actual retention time variations 
of standerds over the course of a day. 
Three times the standard deviation of a 
retention time for a compound can be 
used to calculate a suggested window 
size; however, therexperience of the 
analyst should weigh heavily in the 

interpretation of chromatograms. 

11. Calculations 

11.1 Determine the concentration of 

individual compounds 	in the sample. 

17. 1. 1 If the external sample calibra
tion procedure is used, calculate the 

concentration of materinl from the peak 

response using the calibration curve or 

calibration factor detrmined in Section 

7.3.2. 

1. 1.2 If the internal standard cali

bration procedure was used. calculate 

the concentration in the sample using 

the response factor (RF) determined in 
7.4.2 and the equation 2: 

Eq. 2 
Concentration Jg/L = (A1C,)/(A,5 )(RF) 
where: 

As = Response for the parameter to 
be measured. 

A, = Response for the internal 
standard. 

C,1 = Concentration of the internal 

standard. 

attach the trap to the chromatographmicrograms 

and adjust the device to the desorb 

mode. Begin the temperature orogram 
for the gas chromatograph. Introduce 

the trapped materials to the GC column 

by rapidly heating the trap to 100 ± 

10 °C while backflushing the trap with 

an inert gas between 20 and 60 mlmin 

for two minutes. 
10.8 While the trap is being desorbed 

into the gas chromatograph. empty the 

purging chamber using the sample 

introduction syringe. Wash the 
chamber with two 5-mL flushes of 

reagent water. 

10.9 After desorbing the sample for 

2.0 minutes recondition the trap by 

returning the purge and trap device to 

the purge mode. Wait 15 seconds then 
close the syringe valve on the purging 

device to begin gas flow through the 


trap. The trap temperature should be 

100 °C. After approxi-
maintained at 

mately seven minutes turn off the trap 

heater and open the syringe valve to 

stop the gas flow through the trap. 
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per liter. When duplicate and spiked
samples are analyzed. report all data 
obtained with the sample results. 

11.3 For samples processed as part 

of a set where the spiked sample 
recovery falls outside of the control 

limits in 8.3. data for the affected 
parameters must be labeled as suspect. 

12. Method Performance 

12.1 The method detection limit 

(MDL) is defined as the minimum 
concentration of a substance that can 

be measured and reported with 99% 

confidence that the value is above 
zerol 1. The MDL concentrations listed 

in Table 1 were obtaiined using reagent 
waterl9l. Similar results were achieved 

12.2 This method is recommended 
for the concentration range from the 

MDL up to 1000 x MDL. Direct 

aqueous injection techniques should be 

used to measure concentration levels 

above 1000 x MDL. 



12.3 In a single laboratory IEMSL-CI). 
using spiked wastewater, the average 
recoveries presented in Table 2 were 
obtained, 31 . Seven replicate spiked 
samples were analyzed for each 
parameter. The relative standard devia-
tion of the measurement is also
included inTable 2. 

12.4 The U.S. Environmental 

arotectninbA ro m s od 

conducting an intarlaboratory method 
study to fully define the performance 
of this method. 
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Table 1. Chromatographic Conditions and Method Detection Limits 

Retention Time Mrhod
 
(min.) Detection Limit 

Parameter Column 1 Column 2 AgIL 
Acrolein 9.2 8.2 0.6 
Acrylonitrile 13.5 9.8 0.5 
Method detection limit based upon recovery of 5.0 tg/L dose into tap water. 
Column Iconditions: Durapak Carbowax 400/Porasil C, 100/120 mesh) packedin 

a 6 ft x O.1 in. ID stainless steel or glass column with helium carrier gas at 30 
mL/min flow rate. Column temperatureheld at 45 OC for 2 min, then programmed 
at8 C/min to 85 0 Candheld for 12man. The column temperature should then be 
raised to 120 0 C for 7minutes to bake out water. Failure to dry the column may 

lead to irreproducable retention times91. 
Column 2 conditions: Chromosorb 101, (60/80 mesh) packed in a 6 ft x 0.1 in ID 

stainless steel, glass column with helium carrier gas at 40 mL/min flow rate. 
Column temperature held at 800 C for 4 min.then programmed at 150 C/min to 

1200C and held 12 min. 

Table 2. Single Operator Accuracy and Precision
 

Average Standard SpJike Number 
Percent Deviation Range of Matrix 

Parameter Recovery % (g/L Analyses Types 

Acrolein 96 11.6 20 7 1 

Acrylonitrile 107 5.6 20 7 1 
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Optional Ex..it '4 in 
Foam O.D 
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Figure 1. Purging device 
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Figure 2. Trap packings and construction to include desorb capability 
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Figure 4. Gas chromatogram of 
acrolein and acrylonitrile 



United States 
Environmental Protection 
Agency 

Research and Development 

SEPA -Test Method 

Phenols -
Method 604 

1. Scope and Application 
This method covers the determi

nation of phenol and certain substituted 
phenols. The following parameters may 
be determined ty this method: 

1.1 

Parameter 

4-Chloro-3-methylphenol 
2.Chlorophenol 
2.4.Dichlorophenol 
2.4-Dimethylphenol 
2,4-Dinitrophenol 
2.Methyl-4.6-dintrophenol2.Nitrophenol 
4-Nitrophenol
Pentachlorophenol 
Penlhenol 

2.4.6.Trichloropheno. 

1.2 This is a gas chromatographic 
(GC) method applicable to the 
determination of the compounds listed 
above in municipal and industrial 
discharges as provided under 40 CFR 
136.1. When this method is used to 
analyze unfamiliar samples for any or 
all of the compounds above. 
compound identifications should be 
supported by at least one additional 
qualitative technique. This method 
describes analytical conditions for 
derivatization, cleanup and electron 
capture gas chromatography that can 
be used to confirm measurements 
made by flame ionization. Method 625 

provides gas chromatograph/mass 
spectrometer (GC/MS) conditions ap-

propriate for the qualitative and 

quantitative confirmation of results for 
all of the parameters listed above, us-
ing the extract produced by this 
method. 

1.3 The method detection limit 
(MDL. defined in Section 14.1) "' for 

604.1 July 1982 

Environmental Monitoring and 
Support Laboratory 
Cincinnati OH 45268 

CAS No.STORET No. 

34452 59-50-7 
34586 95-57-8 
34601 120-83-2 
34606 105-67-9 
34616 51-28-5 
34657 534-52-1 
34591 88-75-5 
34646 100-02-7 
39032 87-86-5 
34694 108-95-2 

88-06-234621 

each parameter is listed in Table 1. 
The MDL for a specific wastewater 
may differ from those listed. 
depending upon the nature of 
interferences in the sample matrix. 
The MDL listed in Ta:e I for each 
parameter was achieved with a flame 
ionization detector. Comparable 
results were achieved when the 
derivatization cleanup and the 
electron capture detector were 
employed (See Table 2). 

1.4 Any modification of this method. 
beyond that expressly permitted. shall 
be considered a ma, -odification 
sublect to application and approval of 
alternatn test procedures under 40 
CRF 136.4 and 136.5. 

1.5 This method is restricted to use 
by or under the supervision of 
analysts experienced in the use of gas 
chromatography and in the 

interpretation of gas chiomatograms.
 
Each analyst must demonstrate the
 

rv 



abilitv to generate acceptable results 
with this method using the procedure 
described in Section 8 2 

2. Summary of Method 
2.1 A 1-liter sample of wastewater 
is acidified and extracted with 
methylene chloride using separatorv 
funnel techniques The extract is dried 
and concentrated to a volume of 10 
mL or less During the concentration 
step, the solvent is exchanged to2-prpant asFameionzatonr muicplit beng amped.The
2-propanol Flame ionization gas 
chromatographic conditions are 
described which allow for the 

measurement of the compounds in 
the extract -2, 

2.2 A preliminary sample wash 
under basic conditions can be 
employed for samples having high 
general organic and organic base 
interferences 

2.3 The method also provides for the 
preparation of pentafluorobenzyl 
bromide 'PFBB) derivatives for 

electron capture gas chromatography
aseaneationalcleanupprocedure toa 
as an additional cleanup procedure to 
aid in the elimination of inter-ferences ,23,'...Crmtgahcclm 

3. Interferences 
3.1 Method interferences may be 
caused by contaminants in solvents, 
reagents, glassware, and other 
sample processing hardware that lead 
to discrete artifacts and/or elevated 
baselines in gas chromatograms All of 
these materials must be routinely 
deionstrated to be free from 
interferences under the conditions of 

the analysis by running laboratory 
reagent blanks as described in Section 

85 
3. 1.1 Glassware must be 

scrupulously cleaned'"' Clean all 
glassware as soon as possible after 

use by rinsing with the last solvent 
used in it. This should be followed by 
detergent washing with hot water. 
and rinses with tap water and distilled 

water It should then be drained dry, 

and heated in a muffle furnace at 

400'C for 15 to 30 minutes. Some 
thermally stable materials, such as 
PCBs. may not be eliminated by this 
treatment. Solvent rinses with 
acetone and pesticide quality hexane 

may be substituted for the muffle 

furnace heating. Volumetric ware 
should not be heatedin a muffle 

furnace. After drying and cooling. 
glassware should be sealed and 
stored in a clean environment to 
prevent any accumulation of dust or 
other contaminants. Store inverted or 
capped with aluminum foil. 

3.1.2 The use of high purity 
reagents and solvents helps to 

minimize interference problems 
Purification of solvents by distilla-
tion in all-glass systems may be 
required. 
3.2 Matrix interferences may be 

caused by contaminants that are 
co-extracted from the sample. The 
extent of matrix inerferences will 
vary considerably from source tosource, depending upon the nature 

and diversity of the industrial complex 
oniersity bengsald.mpe 
cleanup procedure in Section 12 can 
be used to overcome many of these 
interferences. but unique samples 

may require additional cleanup
approaches to achieve the method 
detect;on limits listed in Tables 1 and 
2. 

3.3 The basic sample wash (Section 
10 2) may cause significantly 

reduced recovery of phenol and 
2.4-dimethylphenol The analyst must 
recognize that results obtained under 

these conditions are minimum 
concentrations. 

4. Safety 
4.1 The toxicity or carcinogenicity of 

each reagent used in this method has 

not been precisely defined: however. 
each chemical compound should be 
treated as a potential health hazard 
From this viewpoint, exposure to 
these chemicals must be reduced to 
the lowest possible level by whatever 
means available The laboratory is 
responsible for maintaining a current 

awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method A 
reference file of moterial data 
handling sheets should also be madeavailable to all personnel involved in 

the chemical analysis. Additional 
references to laboratory safety are 

available and have been identified 's71 

for the information of the analyst. 

4.2 Special care should be taken in 
handling pentafluorobenzyl bromide. 

which is a lachrymator, and 18 crown 

6 ether, which is highly toxic. 

5. Apparatus and Materials 
5.1 Sampling equipment, for 
discrete or composite sampling, 

5.1.1 Grab sample bottle - Amber 

glass, one-liter or one-quart volume, 
fitted with screw caps lined with Tef-

Ion. Foil may be substituted for Teflon 
if the sample is not corrosive. If amber 
bottles are not available, protect 
samples from light. The container and 
capliner must be washed, rinsed with 
acetone or methylene chloride, and 

dried before use to minimize con-

tamination. 
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5.1.2 Automatic sampler (optional) 
- The sampler must incorporate glass 
containers for the collection el a 
minimum of 250 mL of sample 
Sample containers must be kept 
refrigerated at 4"C and protected from 
light during compositing. If the 
sampler uses a peristaltic pump, a 
minimum length of compressible 
silicone rubber tubing may be used 
Before use. however, the 
compressible tubing must be
thoroughly rinsed with methanol. 
followed by repeated rnsigs with 
distilled water to minimize the 
ditlewartomnizth 

potential for contamination of the 
sample. An integrating flow meter is 
required to collect flow proportional 
composites. 

5.2 Glassware (All specifications are 
suggested. Catalog numbers are 
included for illustration only) 

5.2.1 Separatory funnel - 2000-mLl 
with Teflon stopcock 

5.2.2. .Drying column -

Chromatographic column 400-mm 
long x 19-mm ID with coarse frit 
5.2.3. Chromatographic column 

100-mm long x 10-mm ID. with Teflon 

stopcock 

5.2.4. Concentrator tube. 
Kuderna-eanish - 10-mL. graduated 
(Kontes K-570050-1025 or 

e s Calibration or 
equivalent) Calibration must be 

checked at the volumes employedin 
to prevent evaporation of pertracts 

5.2.5 Evaporative flask. 
Kuderna-Danish - 500-mi. (Kontes 
K-570001 -0500 or equivalent) Attach 
to concentrator tube with springs 
5.2.6 Snyder column. 

Kuderna-Danish - three-ball macro 
(Kontes K-503000-0121 or 

equivalent). 

5.2.7 Snyder column. 
Kuderna-Dansh - two-ball micro 

or 
equivalent). 
(Kontes K-569001-0219 

5.3 Vials - Amber glass. 10- to 15
mL capacity, with Teflon-lined 
screwcap. 

5.4 Reaction flask Pyrex glass. 15
to 25-mL round bottom flask with 

standard tapered joint. fitted with a 

water cooled condenser and U-shaped 
drying tube containing granular 
calcium chloride. 
5.5 Boiling chips - Approximately 
10/40 mesh. Heat to 400*C for 30 
minutes or Soxhlet extract with 
methylene chloride. 

5.6 Water bath - Heated, with 
concentric ring cover, capable of' 



temperature control (' 2 C) The bath 

should be used in a hOmi. 

5.7 Balance - Analytical. capable of 

accurately weigling 0 0001 g 

5.8gr 
analytical system complete with a 

temperature programmable gas 

chromatograph suitable for on-column 
injection and all required accessories 

including syringes, analytical columns. 
gases. detector. and strip-chart 
recorder A data system is 
recommended for measuring peak 
areas 

5.8.1 Column for underivatized 
phenols - 1 8 m long x 2 mm ID 
glass, packed with 1% SP-1240 DA 
on Supelcoport (80 / 100 mesh) or 

equivalent This column was used to 

develop the method performance 
statements in Section 14 Guidelines 
for the use of alternate column 

packings are provided in Section 
11 1 

5.8.2 Column for derivatized 
1.8 m long x 2 mm ID glassphenols 

cols •k 1 long 5% mm17 onglass 
Chromosorb W AW-DMCS (80/ 100 
ChomosTe rb a-s (80/1%0 
mesh). The carrier gas is 5% 
methane/95% Argon at a flow rate of 
30 mL/min. The column temperature 
is 200' C. This column has proven 
effective in the analysis of 
wastewaters for derivatization 
products of the parameters listed in 

the scope (Section 1 1), and was used 

to develop the method performance 

statements in Section 14. Guidelines 

for the use of alternate columns are 
provided in Section 11 1 

5.8.3 Detectors - flame ionization 

and electron capture. The flame 

thi pniztio n ls . he detr iigcap-sltionization is used when determining 

the parent phenols. The electron cap-

frderivatied phenols. Guidelines 
ors arridelf 

use of alternate detectors are provided 
in Section 11 1 

usedoalter natedhe 

6. Reagents 

6.1 Reagent water - Reagent water 

is defined as a water in which an 


interferent is not observed at the 


MDL of each parameter of interest, 


6.2 Sodium hydroxide solution (10 

N) 	- ACS) Dissolve 40g NaOH in 

100 mL.
reagent water and dilute to 

6.3 Sodium hydroxide solution (1 N) 

- (ACS) Dissolve 4g NaOH in reagent 

water and dilute to 100 mL. 


6.4 Sodium sulfate - (ACS) 

Granular. anhydrous, Purify by 


heating at 400"*C for four hours in a 


shallow tray 


6.5 Sodium ihiosilfale (ACS) 
Granular 

1) 6.6 Sulfuric acid solution (1 

(ACS) Slowly, add 50 mL HSO (sp 

1 84 to 50 mL of reagent water 

6.7 Sulfuric acid (1 N) - (ACS) 

Slowly. add 29 mL H2SO4 (ACS. sp 

gr. 1 84) to reagent water and dilute 
to one liter 

6.8 Potassium carbonate - (ACS) 
powdered. 

6.9 Pentafluorobenzyl bromide a-
Bromopentafluoroioluene) - 97% 

minimum purity. NOTE This chemical 

is a lachrymator (See Section 4 2.) 

6.10 18-crown-6 ether 
(1.4.7,10,13,16 -
Hexaoxacyclooctadecane) - 98% 
minimum purity NOTE. This chemical 
is highly toxic. 
6.11 Derivatization reagent - Add 

one mL pentafluorobenzyl bromide 
and one gram 18 crown 6 ether to a 

50-mL volumetric flask and dilute to 
volume with 2-propanol. Prepare fresh 
weekly. This operation should be car-
red out in a hood. Store 4C and pro-
tect from light, 

6.12 Acetone. hexane. methanol, 
methylene chloride. 2-propanol. 
hexane, toluene - Pesticide quality or 
equivalent, 

6.13 Silicat gel - Davison chemical. 

grade 923 (100/200 mesh) or 

equivalent. Activate at 130 0 C 
a desiccatorovernight and store in 

6.14 	 Stock standard solutions (1.00 
g/pL) - Stock standard solutions may 

be prepared from pure standard 
materials or purchased as certified 
s utosthsolutions. 
6. 14.1 Prepare stock standard 

solutions by accurately weighing 
about 0.0100 grams of pure material, 

Dissolve the material in pesticide 
quality 2-propanol and dilute to 

volume in a 10-mL volumetric flask. 
Larger volumes may be prepared at 

the convenience of the analyst. If 
compound purity is certified at 96% or 

greater. the weight can be used 

without correction to calculate the 

concentration of the stock standard, 

Commercially prepared stock 
standards can be used at any
concentration if they are certified by 

the manufacturer or by an 
independent source. 
6.14.2 Transfer the stock standard 

solutions into Teflon-sealed 	screw-cap 

bottles. Store at 4"C and protect from 

light. Stock standard solutions should 

be checked frequently for signs of 
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degradation or evaporation, especially 
just prior to preparing calihration 
staindnrds from thlem Quality control 
check standards that can be used to 

calibrationdetermine the accuracy of 

standards, will be available from the 

U.S. Environmental Protuction 
Agency. Environmental Monitoring 

and Support Laboratory. Cincinnati. 
Ohio. 45268 

6. 14.3 Stock standard solutions 
must be replaced after six rmonths, or 
sooner if comparison with check 
standards indicates a problem. 

7. Calibration 
7.1 To calibrate the FIDGC for the 
analysis of underivatized phenols. 
establish gas chromatographic 
operating parameters equivalent to 
those indicated in Table I The gas 

chromatographic system can be 
calibrated using the external standard 
technique fSection 7 2) or the internal 
standard technique (Section 7 3) 

7.2 External standard calibration 

procedure for FIDGC 

7.2.1 Prepare calibration standards 
at a minimum of three concentration
 
levels for each parameter of interest
 
by adding volumes of one or more
 
stock standards to a volumetric flask
 
and diluting to volume with 2
propanol. One of the external
 
standards should be at a
 

concentration near, but above, the
 

cre othe xectr d
sold 
to the expectedshould correspond 

range of concentrations found in real 

samples or should define the working 
range of the detector 
7.2.2 Using injections of 2 to 5 pL 

of each calibration standard, tabulate 
peak height or area responses against 

m ssnlectron anb
the mass injected. The results can be 

used to prepare a calibration curve for 

each compound. Alternatively. if the 

ratio of response to amount injected 

(calibration factor) is a constant over 
the working range (< 10% relative 

standard deviation. RSD). linearity 

through the origin can be assumed
 

and the average ratio or calibration
 
factor can be used in place of 
a 

calibration curve. 

7.2.3 The working calibration curve 

or calibration factor must be verifie. 

on each working day by the 

measurement of one or more 
calibration standards. If the response 

for any parameter varies from the 
predicted response by more than 
±10%. the test must be repeated 

using a fresh calibration standard 

Alternatively, a new calibration curve 

or calibration factor must be prepared 

for that compound 



7.3 Internal standard calibration 

procedure for FIDGC To use this 
approach. the analyst must select one 

or more internal standards that are 
similar in analytical behavior to the 
compounds of interest The analyst 
must further demonstrate that the 
measurement of the internal 
standardis not affected by method or 
matrix interferences Because of these 
limitations, no internal standard can 
be suggested that is applicable to all 

samples 

7.3.1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest 
by adding volumes of one or more 
stock standards to a volumetric flaskTo ac clibatonstndadad a 
To each calibration standard add a 
known constant amount of one or 

more internal standards, and dilute to 

volume with 2.propanol One of the 

standards should be at a 
concentration near, but above, the 

MDL and the other concentrations 
should correspond to the expected 

range of concentrations found in real 
samples or should define the working 
range of the detector 

7.3.2 Using injections of 2 to 5 pL 
of each calibration standard, tabulate 
peak height or area responses against 
concentration for each compound and 
internal standard, and calculate 
response factors (RF) for each 
compound using equation 1. 

using equation 
Eq 1 RF IAC,)/( A,, C,) 
co.pound C,) 

Response for theparametertobe 
A u 
measured 


A,, Response for the internal 


C, Concentration of the internal 
standard, fhn/Lr 

= C, Concentration of the parameter 
to be measured, LugL).records(j9/L).to b meaured 

If the RF value over the working range 

a constant (< 10% RSD).ws the R can 
be assumed to be nonvariant and the 
bassum tcanbe nvs ad the 

calculations. Alternatively, the results 
can butsd toAlt alibtin rves 
can be used to plot a calibration curve 
of response ratios. AA. vs. RF. 

7.3.3 The working calibration curve 
or RF must be verified on each 
working day by the measurement of 
one or more calibration standards. If 
the response for any parameter varies 
from the predicied response by more 
than ±10%. the test must be repeated 
using a fresh calibration standard. 

Alternatively a new calibration curve 

must be prepared for that compound. 

7.4 To calibrate the ECGC for the 

analysis of phenol derivatives, 
establish gas chromatographic 

operating parameters equivalent to 

those indicated in Table 2 
7 4.1 Prepare calibration standards 

at a minimum of three concentration 
levels for each parameter of interest 
by adding volumes of one or more 
stock standards to a volumetric flask 
and diluting to volume with 2-

propanol One of the external 
standards should represent a 
concentration near but above the MDL 
and the other concentrations should 
correspond to the expected ange of 

concentrations found in real samples 

or should define the working range of 

the detector 
7.4.2 Each time samples are to be 

derivatived. simultaneously treat a 
one-mL aliquot of each calibration 
standard as described in Section 12. 

7.4.3 After derivatization. inject 2 tn 

5 JL of each column eluate collected 
and tabulate peak height or area 
responses against the calculated 
equivalent mass of underivatized 

phenol injected. The results can be 
used to prepare a calibration curve for 
each compound. 

7.5 Before using any cleanup 
procedure, the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and the absence of 
interferences from the reagents. 

8. Quality Control 
8.1 Each laboratory that uses this 

method is required !o operate a formal 
quality control program. The minimum 
requirements of this program consist 
of an initial demonstration of 

laboratory capability and the analysis 
of spiked samples as a continuing 
check on performance. The laboratory 
is required to maintain performanceto define the quality of data 

that is generated. Ongoing 
performance checks must be 
compared with established 

performance criteria to determine if 
the results of analyses are within 
accuracy and precision limits expected 
of the method. 

8.1.1 Before performing any 

analyses, the analyst must 

demonstrate the ability to generate 

acceptable accuracy and precision 

with this method. This ability is 

established as described in Section 

8.2. 

8.1.2 In recognition of the rapid 


advances that are occurring in 

chromatography, the analyst is 

permitted certain options to improve 

the separations or lower the cost of 

measurements. Each time such 
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modifications are made to the method. 
the analyst is required to repeat the 
procedure in Section 8.2 

8.1.3 The laboratory must spike and 
analyse a minimum of 10% of all 
samples to monitor continuing 
laboratory performance. This 
procedure is described in Section 8 4 

8.2 To establish the ability to 
generate acceptable accuracy and 
precision. the analyst must perform 

8.2.1 Select a representative spike 

concentration for each compound to 

be measured. Using stock standards, 
prepare a quality control check sample 
concentrate in 2-propanol 1000 times 
more concentrated that the selected 
concentrations. Qualty control check 
coenrtnsQulycnrlchk 

sample concentrates, appropriate for 

use with this method, will be available 
from the U.S. Environmental 
Protection Agency. Environmental 
Monitoring and Support Laboratory. 
Cincinnati, Ohio 45268 

8.2.2 Using a pipet. add 1 00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL 

aliquots of reagent water. A 
representative wastewater may be 
used in place of the reagent water. 
but one or more additional aliquots 
must be analyzed to determine 
background levels, and the spike level 

must exceed twice the background 
level for the test to be valid. Analyze 
the aliquots according to the method 

beginning in Section 10. 
8.2.3 Calculate the average percent 
recover, (R). and the standard
 
deviation of the percent recovery Is).
 

for the results Wastewater 
background corrections must be made 

before R and s calculations are 
performed. 

8.2.4 Using Table 3. note the
 
average recovery IX) and standard
 
deviation (p) expected for each method 

parameter. Compare these to the 

calculated values for R and s. If s >
 
2p or IX-RI > 2p. review potential
 
problem areas and repeat the test.
 

8.2.5 The U.S. Environmental Pro
tection Agency plans to establish per
formance criteria for R and s based 
upon the results of interlaboratory 
testing. When they become available. 
these criteria must be met before any 
samples may be analyzed. 

8.3 The analyst must calculate 

method performance criteria and 
define the performance of the 
laboratory for each spike 
concentration and parameter being 
measured. 



8.3 1 Calculate upper and lower 
control linits fur nietlitid performance 

Upper Control Limit (UCL) R 3 s 
Lower Control Limit (LCLI R 3 s 

where R and s are calculated as in 
Section 8 2 3 The UCL and LCL can 
be used to construct control charts'-' 
trhat are useful in observing trends in 
performance. The control limits above 
must be replaced by met hod 
performance criteria as they become 
available f.-om the U S Environmental 
Protection Agency 

8.3.2 The laboratory must develop 
and maintain separate accuracy 
statements of laboratory performance 
for wastewater samples An accuracy 
statement for the method is defined 
as R = S The accuracy statement 
should be developed by the analysis of 
four aliquots of wastewater as 
described in Section 8.2.2. followed 
bv the calculation of R and s 
Alternately. the analyst may use four 
wastewater data points gathered 
through the requirement for 
continuing quality control in Section 
8 4 The accuracy statements should 
be updated regularly"" 

8.4 The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries, 
The frequency of spiked sample 
analysis must be at least 10% of all 
samples or one sample per month. 
whichever is greater. One aliquot of 
the sample must be spiked and 
analyzed as described in Section 8.2. 
If the recovery for a particular 
parameter does not fall within the 
control limits for method performance, 
the results reported for that parameter 
in all samples processed as part of the 
same set must be qualified as 
described in Section 133. The
laboratory should monitor the 


frequency of data so qualified to two-literensure that itremains at or below 5%,. the entire sample into a 


of tl saimpling technique When 
tduiit 'xijts over the i(dellification of 
i peak onIItili,i:hroailtoqriir. 
confirmatory techniques such as gas 
chromatography with a dissimilar 
column, specific element detector, or 
mass spectrometer must be used 
Whenever possible, the laboratory 
should perform analysis of standard 
reference materials and participate in 
relevant performance evaluation 
studies 
9. Sample Collection, 

Preservation, and Handling 
9.1 Grab samples must be collected 
in glass containers. Conventional 
sampling practices '9 ' should be 
followed, except that the bottle must 
not be prewashed with sample before 
collection. Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the progtam 
Automatic sampling equipment must 
be as free as possible of Tygon tubing 
and other potential sources of 
contamination 

9.2 The samples must be iced or 
refrigerated at 4"C from the time of 
collection until extraction. Fill the 
sample bottle and at time of collection 
if residual chlorine is present. add 80 
mg of sodium thiosulfate and mix 
well U.S. Environmental methods 
330.4 and 330.5 may be used for 
measurement of residual chlorine")' 

Field test kits are available for this 

purpose. 


9.3 All samples must be extracted 
within 7 days and completely analyzed 
within 40 days of extraction'2' 
10. Sample Extraction 

10.1 Mark the water meniscus on 
the side of the sample bottle for later 


determination of sample volume. Pour 

8.5 Before processing any samples, 
the analyst should demonstrate 
through the analysis of a one-liter 
aliquot of reagent water, that all 
glassware and reagents interferences 
are under control Each time a set of 

samples is extracted or there is a 
change in reagents. a laboratory 
reagent blank should be processed as 

a safeguard against laboratory 
contamination. 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method The specific practices that 
are most productive depend upon the 
needs of the laboratory and the nature 

of the samples Field duplicates may 
be analyzed to monitor the precision 

erentire sampl iaflask 
separatory funnel. 
10.2 For samples high" inorganic 
content, the analyst ."n,;solvent wash 
the sample at a bsic pH as 
prescribed in Seciion 10.2.1 and 
10 2.2 to remove potential method 
interferences. Prolonged or exhaustive 
contact with solvent during the wash 
may result in low recovery of some of 

the phenols. notably phenol and 2.4-
dimethyl phenol. For relatively clean 
samples, the wash should be omitted 
and the extraction, beginning with 
Section 10.3. should be followed. 
10.2.7 Adlust the pH of the sample 
to 12t0 or greater with 10 N sodium 

hydroxide. 

10.2.2 Add 60 mL of methylene 
chloride to the sample by shaking the 
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funnel for one minute with periodic 
ventinq to release vapor pressure! 
Discard toi solvent layer The wash 
can be repeated up to two adeitional 
times if significant color is being 
removed 
10.3 Adjust the sample to a pH of 1 
to 2 with sulfuric acid (1 •1) 

10.4 Add 60 mL of methylene 
chloride to the sample bottle, seal, 
and shake 30 seconds to rinse the 
inner walls. Transfer the solvent to 
the separatory funnel and shake for 
two minutes Allow the solvent to 
separate from the sample and collect 
the methylene chloride in a 250-mL 
Erlenmeyer flask Ifthe emulsion 
interface between layers is more than 
one-third the size of the solvent layer. 
the analyst must employ mechanical 
techniques to complete the phase 
separation, The optimum technique 
depends upon the sample, but may 
include stirring, filtration of the 
emulsion through glass wool, or 
centrifugation 

10.5 Add a second 60-mLvolume of
 

methylene chloride to the sample 
bottle and complete the extraction 
procedure a second time, combining 
-the extracts in the Erlenmeyer flask. 
Perform a third extraction in the same 
manner 

10.6 Assemble a Kuderna-Danish
 
(K-DI concentrator by attaching a 10
mL concentrator tube to a 500-mL
 
evaporative flask Other concentration 
devices or techniques may be used in 
place of the KO if the requirements of 
Section 8,2 are met 
10.7 Pour the combined extract 

through a drying column containing
 
three to four inches of anhydrous
 

sodium sulfate, and collect inthe K-)
 
concentrator Rinse the Erlenmeyer
 

and column with 20 to 30 mL
 
methylene chloride to complete the
 
quantitative transfer
 

Add one to two clean boiling10.8 
chips to the flask and attach a three
ball Snyder column. Prewet the 
Snyder column by adding about 1 mL 

Placemethylene chloride to the top 
the K-D apparatus on a hot water 
bath (60 to 65 0 C) so that the con
centrator tube is partially immersed in 
the hot water, and the entire lower 
rounded surface of the flask is bathed 
in vapor Adjust the vertical position 
of the apparatus and the water 
tempetratrequired to complete 
minutes. At the proper rate of dstila

tlion the balls of the column will 
actively chatter but the chambers will 



not flood When the apparent volume 
of liquid reaches 1 mL. remove the K-
D apparatus and allow it to drain for 
at least 10 minutes while cooling 

10.9 Increase the temperature of 
thme th athcolm 1deviationsdwater 9 to 

the flask and its lower joint into the 
concentrator tube with 1 to 2 mL of 2-
propanol A 5-mL syringe is 

recommended for this operation 
Attach a micro-Snyder column to the 
concentrator tube and prewet the 
column by adding about 0 5 mL of 2 
propanol to the top Place the micro-
K-D apparatus on the water bath so 
that the concentrator tube is partially
immersed in the hot water Adjust the 

vertical position of the apparatus and 
the water temperature as required to 
complete concentration in 5 to 10 
minutes At the proper rate of 
distillation, the balls of the column 
w:!l activeiy chatter but the chambers . 

will not flood When the apparent 
volume of the liquid reached 2.5 mL. 
remove the K-D apparatus and allow 
it to drain for at least 10 minutes 
while cooling Add an additional 2 mL 
of 2-propanol through the top of the 
micro-Ginyder column and resume 
concentrating as before When the 
apparent volume of liquid reaches 0 5 
mL. remove the K-D apparatus and 
allow it to drain for at least 10 
minutesl coin reovea the 
micr-Snyder column and rinse its 
lowe -irt into the concentrator tube 
wha mitnip tconntrof amount of 2- tewith a minimum 

propanol Adjust the extract volume to 
1 0 mL. Stopper the concentrator tube 
and store in refrigerator at 4°C. if 
further processing will not be per-
formed immediately If the sample ex-
tract requires no further cleanup, pro-
ceed with flame ionization gas 
chromatographic analysis (Section 
11). If ihe sample requires further 
cleanp,proceed to Section 12 If the 

extracts will be stored longer than two 

days. they should be transferred to 

Teflon-sealed screw-cap vials. 

10.10 Determine the original 
sample volume by refilling the sample 
bottle to the mark and transferring the 
liquid to a 1000-mL graduated 
cylinder Record the sample volume to 

the iezrest 5 mL. 

1 1..Gas Chromatography -
Flame Ionization Detector 
11.1 Table 1 summarizes the 
recommended gas chromatographic 
column and operating conditions. his 
Table includes retention times and 
MDL obtained under these conditions. 
An example of the parameter separa-
tion achieved by this column is shown 

in Figure 1 Other packed columns. 
chromatographic conditions, or de-
tectors may be used if the require. 
ments of Section 8 2 are met. 

Capillary (open-tubular) columns may
also be used if the relative standard 

of responses for replicate 

infections are demonstrated to be less 
than 6% and the requirements of Sec-
tion 8.2 are met. 

11.2 Calibrate the system daily as 
desribed in Section 7.1 

11.3 If the internal standard 

approach is used. :he standard mustbe added to the sample extract and 

maded tough sameiat and 
mixed thoroughly immediately before
injection into the instrument 

11.4 Inject 2 to 5 1pL of the sample 
extract using the solvent-flush 
technique"' Smaller (1.0/uL) volumes 
may be injected if automatic injectors 
are employed Record the volume 
irlected to the nearest 0.05 PL and 
the resulting responses in peak area 
or peak height units. If the response 
for the peak exceeds the working 
range of the system, dilute the extract 
and reanalyze. 
11.5 The width of the retention time 
wdow used to make dentctions10 


wind used o makeie cts 
should b based upon measurements 
of actual retention toue variations of 
standards over the course of a day. 
Three times the standard deviation of 
a retention time for a compound may 
be used to calculate a suggested
window size; however, the experienceof the analyst should weigh heavily in 

theinationof chra ilramn 
the interpretation of chromatograms 


11.6 If the measurement of the peak 
response is prevented by the presence 
of interferences. an alternate gas 
chromatographic procedure is 
required. Section 12 describes a 
derivatization and column 
chromatographic procedure which has 
been tested and found to be a 

practical means of analyzing phenols 
in complex extracts 

12. Derivatization and 
Electron Capture Gas 
Chromatography 

12.1 Pipet a 1.0-mL aliquot of the 2-

propanol solution of standard or 
sample extract into a glass reaction 
vial. Add 1.0-mL of derivatizing 

reagent (Section 6.11). This is a 

sufficient amount of reagent to 
derivatize a solution whose total 
phenolic content does not exceed 0.3 
mg/mL. 
12.2 Add about 3 mg of potassium 
cArbonate to the solution and shake 
gently. 

12.3 Cap the mixture and heat it for 
four hours at 80'C in a hot water 
bath 
12.4 Remove the solution from the 

hot water bath and allow it to cool. 
12.5 Add 10 mL of hexane to the 

reaction flask and shake vigorously for 

one minute. Add 3.0 mL of distilled. 
deionized water to the reaction flask 

and shake for two minutes. Uecant a 
portion of the organic layer into a 
concentrator tube and cap with a 
glass stopper. 
12.6 Pack a 10-mm ID 

chromatographic column with 4.0
 
grams of activated silica gel. After
 
settling the silica gel by tapping the
 

column, add about two grams of 
anhydrous sodium sulfate to the top
 

12.7 Pre-elute the column with 6 
mL of hexane. Discard the eluate and 
lust prior to exposure of the sulfate 
layer to air. pipet onto the column 2.0 
mL of the hexane solution (Section 
12.5) that contains the derivatized 
sample or standard Elute the column 
with 100 mL of hexane (Fraction 1) 
and discard this fraction Elute the 

0 mL of 
15% toluene in hexane (Fraction 2). 
10.0 mL of 40% toluene in hexane 
(Fraction 3); 10.0 mL 75% toluene in 
hexane (Fraction 4). and 10.0 mL 15% 
2-propanol in toluene (Fraction 5). All 
elution mixtures are prepared on a 
volume:volume basis. Elution patterns
for the phenolic derivatives are showninTbe2Frcosmabeobnd 

in Table 2. Fractions may be combined
 
as desired. depending upon the
 

specific phenols of interest or level of 
interferences. 
12.8 Analyze the fractions by 
electron capture gas chromatography 
Table 2 summarizes the 
remm areds t
 
recommended gas chromatographic
column and operating conditions. This 

Table Includes retention times and
 

An example of the parameter separa. 

tion achieved by this column is shown 

in Figure 2. 
12.9 Calibrate the system daily with 
a minimum of three aliquots of 

calibration standards, containing each 
of the phenols of interest that are 
derivatized according to the procedure 
(See Section 7 4). 

12.10 Inject 2 to 5/uL of the column 

fractions using the solvent-flush tech
nique. Smaller (1.0uL) volumes can 
be injected if automatic devices are 
employed. Record the volume injected 
to the nearest 0 05 pL. and the result
ing peak size, in area units or height. 
If the peak response exceeds the 
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V. 	 Volfne ol water extracted ImL)linear range of the system, dilute the 
C V(liiii - ol hlix;11, s;liiih'extract and reanalyze 

Soluion a=lded to clI',ililut) 

13. 	 Calculations column. iwmL 

Volume of 2.propanol extract13.1 	 Calculirte the concentration of D 
used for derivatization in mIL.individual compounds in the sample 

determined by the flame ionization 
prcerned by the flamevaoizatn 13.3 	 Report results in micrograms
procedure without derivatizaton) as per liter without correction for 
indicated below recovery data. When duplicate and 

If the external standard spiked samples are analyzed. report13. 1.1 
calibration procedure is used. all data obtained with the sample 

calculate the amount of material results. 
inlected from the peak response using 13.4 For samples processed as part 

the calibration curve or calibration of a set where the laboratory spiked 

factor Section 7 2.2 The sample recovery falls outside of the 
concentration in the sample can be control limits in 8 4. data for the 
calculated from equation 2. affected parameters must be labeled 

(Al (V,) as suspect. 

Eq. 2. Concentration.jg, L 


(V.) 	 (V,) 14. Method Performance 
14.1 The method detection limitwhere 

A Amount of material injected. in (MDL) is defined as the minimum 

nanograms concentration of a substance that can 

V, - Volume of extract injected IpL) 'be measured and reported with 99% 

V, " Volume of total extract (/JL) confidence that the value is above. 

" Volume of water extracted (mL). zero"' The MDL concentrations listedVs 
in Tables 1 and 2 were obtained using 

13.1.2 If the internal standard reagent water '2' similar results were 

calibration procedure was usedrepresentatve 
calculate the concentration in the w10 


sample using the response factor (RF) wastewaters 

14.2 In a single laboratory (I Tdetermined in Section 7 3.2 and 


equation 3 Enviroscience, Inc ). using spiked 


IA) (I,) reagent water and wastewater 

Eq. 3. Concentration.jg/L : samples. the average recoveries 


,A,aXRF)(Vo) presented in Table 3 were obtained 
" 

using a flame ionization detector
 
where. The standard deviation of the percent 


A, - Response for the parameter lobe 	
recovery is also included in Table 3 

measured 

A., Response for the internal 
 14.3 The US Environmental Protec-

tion Agency is in the process of con-standard 

I, - Amount of internal standard 
 ducting an interlaboratory method 

added to each extract (g). study to fully define the performance 

Vo 	 Volume of water extracted, in of this method. 

liters 


13.2 Calculate the concentration of 
nnd~ldulth sapleEPA copoudsindividual compounds in the sample 


when determined by the derivatization 

deaa n eletern cap tur e ao 

and electron capture procedure References 
according to Equaton 4 

Eq. 4 Concentration. g/L 1. See Appendix A. 
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(pg/L) 
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Table I. 	 Chromatographic Condtons and 
Method Detection Limit 

Retention Method 
Time Detection Limit 

Parameter (min. (pg/ L) 

2-Chlorophenol 	 1.70 0.31 
2.Nitrophenol 	 2.00 0.45 
Phenol 	 3.01 0.74 
2.4 -Dimethylphenol 4.03 0.32 
2.4 -Dchloiophenol 4.30 0.39 
2.4.6. Trichlorophenol 6.05 O 64 
4. Chloro- 3.methylphenol 7.50 0.36 
2.4-Dinitrophenol 10.00 13.0 
2.Methyl 4.6-dinitrophenol 10.24 16.0 
Pentachlorophenol 12.42 7.4 
4.Nitrophenol 24.25 2.8 

Column conditions. Supeicopcrt (80/100 mesh) coated 
with 7% SP.1240 DA in 1.8 m long x2 mm ID glass 
column with nitrogen carrier gas at a flow rate of 30 
mLi min flow rate Column temperature was 80"C at 
inlection. programmed immediately at &'lC/mm to 
150"C final temperature Method detection limits were 
determined with a flame ionization detector 

rable 2. 	 Sihca Gel Fractionation and Electron Capture 
Gas Chromatography of PFBB Derivatives 

Electron capture 

MethodRetentionRecovery &) by Fraction 
__________________________. rime Detection 

Parent Compound 1 2 3 4 5 Inm) Limit IVi/Li 

2 Chlorophenol 
2.Nitroohenol 

90 7 
9 90 

33 
91 

058 
077 

Phenol 9n t0 t8 2.2 

2.4 ,rmefhvlohenol 
2 4 .Dichloroohenol 

95 
95 

7 
I 

2.9 
58 

063 
068 

2 4 6. Trchiorophenol 
4.Chlor,..2.methypheenol 
Pentachlotooinenoi 

50 

75 

50 
84 

20 
14 

70 
48 

288 

058 
18 
059 

4.Nittopthenol 1 90 140 07C 

'Eluting solvent compositionsas given in Sectior 12. 7 

Column conditions Chromosorb W.AW.OMCS 180/100 mesh) coated with 5% OV.17 Peckedin a 18 

m long a 2 0 mn ID gla.;,'olumn with 5% methane/95% argon carrier gas at a Ilow rate el30 
mL/min Column tempero,e isothermal at 200C. 

Table 3. Single Operator Accuracy and Precision 
A verage Standard Spike Number 
Percent Deviation Range of Mamns 

Parameter Recovery % lg/Li Aneyses types 

4.Chloro.-.methvlphenol 82 150 070•3.5 21 3 
67 148 0 74-3.7 21 32.Chlorophenoi 
74 11 4 1.03 5.2 21 3 

2.4-imethrlpdlenol 51 
Z4.Dichlorophenol 

140 082.4 1 21 3 

2.4.Dinstrophenol 74 165 28.7 14 2 

2.Methyil..6.dmnitro henoi 86 	 124 346 2 ; 3 
129 080. 40 21 32-Nitrophenot 67 

4.Nitroonenol 45 79 159 21 3 

Pentachloroohenol 79 8.8 21 0 21 3 

Phenol 41 84 076.38 21 3 

2,4 6. Trichlorophenol 71 145 120* 60 21 3 
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Figure 2. Gas chromatogram of PF8 derivatives of phenols. 
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United States 
Environmental Protection 
Agency 

Research and Development 

Test Method
 

Benzidines -


Method 605
 

1. Scope and Application 
1.1 This method covers the 
determination of certain benzidines. 
the following parameters can be 
determined by this method: 

Parameter 

Benzidine 
3.3' -Dichlorobenzidine 

1.2 This is a high performance liquid 
chromatography (HPLCI method 
applicable to the determination of the 
compounds listed above in municipal 
and industrial discharges as provided 
under 40 CFR 136.1. When 
this method is used to analyze 
unfamiliar samples for the compounds 
above, identifications should be 
supported by. at least. one additional 
qualitative technique. This method 
decribes electrochemical conditions at 
a second potential which can be used 
to confirm measurements made with 
this method. Method 625 provides 
gas chromatograph/mass 
spectrometer IGC/MS) conditions 
appropriate for the qualitative and 
quantitative confirmation of results of 
the parameters listed above, using the 
extract produced by this method. 

1.3 The method detection limit (MDL 
defined in Section 14)' for each 
parameter is listed in Table 1. The 
MDL for a specific wastewater may 
differ depending upon the nature of 
the interferences in the sample 
matrix, 

1.4 Any modification of this method. 
beyond those expressly permitted. 
shall be considered as major 
modifications sublect to application 
and approval of alternate test 

605-1 July 1982 

Environmental Monitoring and 
Support Laboratory 
Cincinnati OH 45268 

STORET No CAS No 

39120 92-87-5 
91.94.134631 

procedures under 40 CFR 136 4 and 
136.5 
1 .5 This method is restricted to use 
by or under the supervision of 
analysts experienced in the use of 
HPLC instrumentation and in the 
interpretation of .liquid 
chromatograms Each analyst must 
demonstrate the ability to generate 
acceptable results with this method 
using the procedure described in 
Section 8 2. 

2. Summary of Method 
2.1 A measured volume of sample. 
approximately one.liter, is extracted 
with chloroform using liquid-liquid 
extractions in a separatory funnel. The 
chloroform extract is back-extracted 
with acid, neutralized, and extracted 
with chloroform. The chloroform is 

exchanged to methanol and 
concentrated using a rotary 
evaporator and nitrogen blowdown. It 
is then brought to a volume of 5 mL 
with an acetate buffer. HPLC 
conditions are described which permit 
the separation and measurement of 
the benzidine compounds using an 
electrochemical detector 12, 

2.2 The acid back extraction step 
acts as a general purpose cleanup to 
aid in the elimination of interferences. 



3. Interferences 
3.1 Method interferences may be 

caused by contaminants in solvents, 
reagents. glassware, and other 
sample processing hardware that lead 
to discrete artifacts and. or elevated 
baselines in chromatograms All of 
these materials must be routinely 
demonstrated to be free from 

interferences under the conditions of 
the analysis by running laboratory 
reagent blanks as described in Section 

5 

3. 7.1 Glassware must be 
scrupulously cleaned' ' Clean all 
glassware as soon as possible after 

use by rinsing with the last solvent 
used in it This should be followed by 
detergeni washing with hot water, and 

rinse,i with tap water and reagent 
water It should then be drained dry, 
and heated in a muffle furnace at 
400-C for 15 to 30 minutes Some 
thermally stable materials, such as 
PCBs. may not be eliminated by this 
treatment. Solvent rinses with 
acetone and pesticide quality hexane 
may be substituvd for the muffle 
furnace heating. Volumetric ware 

should not be heated ,n a muffle 
furnace, After drying and cooling, 
glassware should be sealed and 
stored in a efean environment to 
prevent any accumulation of dust or 
other contaminants. Sto-e inverted or 
capped with aluminum foil. 

3.1.2 The use of high purity 
reage:,' .i'id solvents helps to 
minimize interference problems. Pur-
fication of solvents by distillation in 
all-glass systems may be required. 

3.2 Matrix interferences may be 
caused by contaminants that are 
coextracted from the sample The 
extent of matrix interferences will 
vary considerably from source to 
source, depending upon the nature 
and d..1.--riity of the industrial complex 
or municipality being sampled. The 
cleanup procedures that are inherent 
in the extraction step are used to 
overcome many of these inter-
ferences, however unique samples 
may require additional cleanup 
approaches to achieve the MDL listed 
in Table 1. 
3.3 ',.)me dye plant effluents 

contaiii large amounts of components 
with retention times close to 

benzidine. In these cases, it has been 
found useful to reduce the electrode 
potential in order to eliminate 
interferences yet still detect benzidine. 
(See Section 12.7.) 

4. Safety 
4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 

not been precisely defined, however. 
each chemical compound should be 

treated ac a potential health hazard 
From this viewpoint, exposure to 
these chemicals must be reduced to 
the lowest possible level il whatever 

means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 

regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data
handling sheets should also be made 

availab;e to all personnel involved in 
the chemical analysis. Additional 
references to laboratory safetX are 

" 
available and are identified' for the 

benefit of the analyst. 
4.2 Benzidine, 3.3%. 

dichlorobenzidine and chloroform. 
used for extraction of samples have 
been tentatively classified as known 
or suspected, human or mammalian 
carcinogens, 

5. Apparatus and Materials 

5.1 Sampling equipment, for 
discrete or composite sampling, 

5.1.71 Grab sample bottle -Amber 
glass, one-liter or one-quart volume, 
fitted with screw caps lined with Tef-
Ion. Foil may be substituted for Teflon 
if the sample is not corrosive. If amber 
bottles are not available, protect 
samples from liqht. The container 

must be washed, rinsed with acetone, 
or methylene chloride, and dried be-
fore use to minimize contamination. 
5.7.2 Automatic sampler (optional) -
Must incorporate ,;Iass sample 

containers for the collection of a 
minimum of 250 mL. Sample 
containers must be kept refrigerated 
at 40C and protected from light during 
compositing. If the sampler uses a 

peristaltic pump, a minimum length of 
compressible silicone rtubber tubing 
may be used. defore use, however, 
the compressible tubing should be 
thoroughly rinsed with methanol. 
followed by repeated rinsings with 
distilled water to minimize the 
potential for contamination of the 

sample. An i;ntegrating flow meter is 
required to collect flow proportional 

composites. 

5.2 Glassware (All specifications are 

suggested.) 
5.2.1 Separatory funnels - 2000, 
1000. and 250-mL. with Teflon 
stopcock. 
5.2.2 Vials - Amber glass. 10- to 15-

mL capacity, with Teflon-lined screw 

cap. 
5.2.3 Rotary evaporator. 
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5.2.4 Flasks. round bottom, 100-mL. 
with 24/40 joints 

5.2.5 Centrifuge tubes - conical. 
screw-capped, graduated, equipped 
with Teflon lined caps. 

5.2.6 Pipettes - Pasteur, with bulbs. 

5.3 Balance - Analytical, capable of 

accurately weighig 0.0001 g. 

5.4 HPLC - An analytical system 
complete wth column supplies.
compatible recorder high pres.ure 

syringes and the following com
ponents. 

5.4.1 Solvent delivery system - with 

pulse damper. Altex 1 10A. or 
equivalent. 

5.4.2 Injection valve (Optional) -
Waters U6K or equivalent. 
5.4.3 Electrochemical detector -
Bioanalytical Systems LC-2A with 
glassy carbon electrode, or equivalent. 
This detector has proven effective in 
the analysis of wastewaters for the 

parameters listed in the scope, and 
was used to develop the methodperformance statements in Section 
14 Guideiines for the use of alternate 
detectors are provided in Section 
12.1. 

5.4.4 Electrode polishing kit -
Princeton Applied Research Model 
9320 or equivalent. 

5.4.5 Column - Lic.uosorb RP-2. 5 
micron particle diameter, in a 25 cm x 
4.6 mm ID stainless steel column. This 
column was used to develop the 
method performance statements in 

Section 14. Guidelines for the use of 
alternate column packings are 
provided in Section 12.1. 
6. Reagents 

6.1 Reagent water - Reagent water 
is defined as a water in which an 
interferent is not observed at the 
MDL of each parameter of interest. 

6.2 Sodium hydroxide solution (5 N) 
- (ACS) Dissolve 20g NaOH in reagent 
water and dilute to 100 mL. 

6.3 Sodium hydroxide (1 M).(ACS) -
Dissolve 40 g NaOH in reagent water 

and dilute to one literi, 

6.4 Sodium thiosuliate - (ACS) 

Granular. 

6.5 Sodium tribasic phosphate (0.4 
M) - (ACS) Dissolve 160 g of trisodium 
phosphate decahydrate in reagent 
water and dilute to one liter. 

6.6 Sulfuric acid solution (1-1) 

(ACS) Slowly, add 50 mL H2S0 4 (sp. 

gr 1.84) to 50 mL of reagent water. 



6.7 Sulfuric acid (1 M) - (ACS) 
Slowly add 58 mL H ,SO. (sp gr 1 84) 

to reagent water and dil7te to one 

tre t w d 

6.8 Acetate buffer (0 1 M. pH-4 7) 
Dissolve 5 8 mL glacial acetic acid 

(ACS) and 13 6 g of sodium acetate 

trihydrate (ACS) in reagent water 

which has been purified by filtration 
through a RO-4 Millipore System or 

equivalent and dilute to one liter 

6.9 Acetonitrile. chloroform 
(preserved with 1% ethanol), 
methanol - Pesticide quality or 

equivalent 

6.10 Mobile phase - Place equal 

volumes of filtered acetonitrile 
(Millipore type FH filter or equivalent) 
and filtered acetate buffer (mihpore 

type GS filter r mlipor 

narrow-mouth glass container and 
mix thoroughly. Prepare fresh weekly. 

Degas daily by sonicating under 

vacuum, or by heating and stirring, or 
by purging with helum, 

6.11 Stock standard solutions (1ma 

jg, rL)e- Stock standard solutions maybe prepared from pure standard 

materials or purchased as certified 
soteios.ostandard, 
solutions, 

6.11.1 Prepare stock standard 

solutions by accurately weighing 
about 0 0100 g of pure material, 

Dissolve the material in pesticide 

quality methanol e. ,dilute to volume 

in a 10-mL volumtif, flask. Larger 

volumes can be useu at the 

convenience of the analyst. If 

compound purity is certified at 96% or 

greater. the weight can be used 
without correction to calculate the 

concentration of the stock standard. 
Commercially prepared stock 
standards can be used at any 

concentration if they are certified by 
the manufacturer or by an 
independant source. 

6. 11.2 Transfer the stock standard 

solutions into Teflon-sealed screw-cap 

bottles. Store at 41C and protect from 

light. Stock standard solutions should 

be checked frequently for signs of 

degradation or evaporation, especially 

lust prior to preparing calibration 
standards from t., Quality control 
check samples that can be used to 
determine the accuracy of calibration 
standards will be available from the 
U.S. Environmental Protection 


Agency. Environmental Monitoring 
and Support Laboratory. Cincinnati, 
Ohio 45268. 

6.11.3 Stock standard solutions 

must be replaced after six months, or 

sooner if comparison with quality 

control check samples indicate a 
problem 

Calibration 
7.1 Establish chromatographic 
operating parameters equivalent to 

those given in Table 1. The HPLC 

system can be calibrated using the 

external standard) technique (Section 

7.2) or the internal standard 
technique (Soction 7.3). 

External standard calibration7.2 
procer: 

procedure: 
7.2. ; Prepare calibration standards 
at a minimum of three concentration 

levels for eauh parameter of interest 

by adding volumes of one or more 

stock standards to a volumetric flask 
and diluting to volume with mobile 
phase One of the external standards 

should be at a concentration near, but 
above, the MDL and the other 
concentrations should correspond to 
the expected range of concentrations 
found in real samples or should define
the working range of the detector. 

7.2.2 Using syringe infections of 5 

to 25 JL or a constant volumemlcm op lc ahclbainmeasured
 

internal standard can be suggested 
that is applicable to all samples 

7.3. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest 

by adding volumes of one or more 

stock standards to a volumetric flask 

To each calibration standard, add a 

known constant amount of one or 

more internal standards, and dilute to 

volume with mobile phase. Cne of the 

standards should be at a 
concentration near. but above, the 
MDL and the other concentra' .)ns 
should correspond to the expected 
range of concentrations found in real 

samoles or should define the working 

range of the detector. 

7.3.2 Using 5 to 25 pL aliquots or a 
constant volume infection loop. inject 
each calibration standard, and 

tabulate peak height or area 
responses against concentration for 
each compound and internal standard. 
and calculate response factors IRF) for 
each compound using equation 1

Eq. 1 RF (AC.)/(A, C 1) 

where: 
A, = Responsefor the parameter to be 

infection loop, infect each calibration 
and tabulate peak height or 

area responses against the mass 

injected. The results can be used to 

prepare a calibration curve for each 

compound. Alternatively, if the ratio of 

response to amount inlected 

(calibration factor) is a constant over 

the working range (< 10% relative 

standard deviation. RSD). linearity 

through the origin can be assumed 

and the average ratio or calibration 

can be used in place of a 
calibration curve, 
factor 

7.2.3 The working calibration curve 
or calibration factor must be verified 
on each working day by the 

more 


calibration standards. If the response 
for any parameter varies from the 

predicted response by more than 

±10%. the test must be repeated 

using a fresh calibration standard. 

Alternatively, a new calibration curve 

or calibration factor must be prepared 

for that compound. If serious loss of 

senstivity occurs, polish the electrode 
and recalibrate, 
7.3 Internal standard calibration 
procedure. To use this approach,the 


analyst must select one or more 


internal standards that are similar in 

analytical behavior to the compounds 
of interest. The analyst must further 
demonstrate that the measurement of 

the internal standard is not affected 

by method or matrix interferences, 
Because of these limitations, no 
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maue 
A.,: Response for the internal 

standard. 

C,, = Concentration of the internal 
standard. (pg/L). 

C. 	 = Concentration of the par3meter 
to be measured. (/jg/L). 

If the RF value over the working 

range is a constant (< 10% RSD). the 

RF can be assumed to be nonvariant 

and the average RF can be used for 

calculations. Alternatively, the results 

can be used to plot a calibration curve 

of response ratios. A,/A,,. vs. RF 

7.3.3 The working calibration curve 
or RF must be verified on each 
working day by the measurement of 
one or more calibration standards If 
the response for any parameter varies
 

from the predicted response by more
 

than ±10%. the test must be repeated 

using a fresh calibration standard. 

Alternatively, a new calibration curve 

must be prepared for that compound. 
If serious loss of response occurs. 

polish the electrode and recalibrate. 

7.4 Before using any alternate 
cleanup rrocedure. the analyst must 
process a series of calibration 
standards through the procedure to 
validate elution patterns and the 
absence of interferences from the 

reagents. 
8. 	 Quality Control 

8.1 Each laboratory that uses this
 

method is required to operate a
 

formal quality control program. The
 



minimum requirements of this 
progranm consist ol an initial 
demonstration of laboratory capability 
and the analysis of spiked samples as 
a continuing check or performance 
The laboratory is required to maintain 
performance records to define the 
Ouaity pfoa nere msb 
Ongoang performance checks must becompared with established 
performance criteria to determne f 
the results of analyses are within 
therults analsesn harts expeith 
accuracy and precision limits expect
of the method 

8. 1.1 Before performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision 
with this method. This ability is 
established as described in Section 

8.2. 

8.1.2 In recognition of the rapid 
advances that are occurring in 
chromatography, the analyst is 
permitted certain options to improve 
the separations or lower the cost of 
measurements Each time such 
modifications are made to the method, 

the analyst is required to repsat the 
procedure in Section 8.2. 

8.1.3 The laboratory must spike and 
analyze a minimum of 10% of all 
samples to monitor continuing 
laboratory performance. This 
procedure is described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable ac(.uracy and 
precision, the analyst must perform 
the following operations. 

8.2. 1 Select a representative spike 
concentration for each compound to 

be measured Using stock standards, 
prepare a quality control check sample 
concentrate in methanol 1000 times 
more concentrated than the selected 
concentrations. Quality control check 
sample concentrates. appropriate for 
use with this method, will be available 
from the U.S Environmental 
Protection Agency. Environmental 
Monitoring and Support Laboratory, 
Cincinnati. Ohio 45268. 

8.2.2 Using a pipet. add 1.00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL 
aliquots of reagent watei. A 
representative wastewater may be 
used in place of the reagent water, 
but one or more additional aliquots 
must be analyzed to determine 
background levels, and the spike level 
must exceed twice the background 
level for the test to be valid. Analyze 
the aliquots according to the method 
beginning in Section 10. 

8.2.3 Calculate the average percent 
recovery. (R). and the standard 
deviation of the percent recovery (s). 
for the results Wastewater 
background corrections must be made 
before R and s calculations are 
performed. 

.4 Using Table 2. note the 

a.24recovery (X) and standard
davirg eoey()adsadr 
dvation (p) expected for each method 
parameter Compare these to the 
cclculated values for R and s. If s > 
2p or IX-PRI> 2p. review potentiAl
problem areas and repeat the test 

8.2.5 The U.S. Environmental Pro-
tection Agency plans to establish per-
forrance criteria for R and s based 
upon the results of interlaboratory 
testing. When they become available, 
these criteria must be met before any 

samples may be analyzed. 

8.3 The analyst must calculate 

method performance criteria and 


defino'the performance of the
.areto iprovlabratoy 
laboratory for each spike 

concentration and parameter being 

measured. 


8.3. 1 Calculate upper and lower 
control limits for method performance: 

Upper Control Limit (UCL) = R - 3 s 
Lower Control Limit (LCL) R - 3 s 

where R and s are calculated as in 
Section 8.2.3. The UCL and LCL can 
be used to construct control chartsf" 
that are useful in observing trends in 
performance. The control limits above 
must be replaced by method 
performance criteria as they become 
available from the U.S. Environmental 
Protection Agency. 

8.3.2 The laboratory must develop 
and maintain separate accuracy state. 

ments of laboratory performance for 
wastewater samples. An accuracy , 
statement for the method is defined 
as R = s. The accuracy statement 
should be developed by the analysis of 
four aliquots of wastewater as de-
scribed in Section 8.2.2. followed by 
the calculation of R and s. Alternately, 
the analyst may use four wastewater 
data points gathered through the 
requirement for continuing quality 
control in Section 8.4 The accuracy 
statements should be updated 
regularly 

8.4 The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries. 
The frequency of spiked sample 
analysis must be at least 10% of all 
samples or one sample per month, 
whichever is greater One aliquot of 
the sample must be spiked and 
analyzed as described in Section 8.2. 
If the recovery for a particular 

parameter does not fall within the 
control limits for melhod performance. 
the results reported for tihat parameter 
in all samples processed as part of the 
same set must be qualified as 
described in Section 13 3 The 
laboratory should monitor the 
frequency of data so qualified to 
ensure that it remains at or below 5%. 

8.5 Before processing any samples. 
the analyst should demonstrate 
through the analysis oi a one-hter 
aliquot of reagent water, that all
glassware and reagents interferences 

are under control Each time a set of 
samples is extracted or there is a 
change in reagents. a laboratory 
reagent blank should be processed as 

a menains 
contamination. 

8.6 It is recommended that the 

laboratory adopt additional quality 
assurance practices for use with this 

c uponththem most Tproductive dependt 
needs of the laboratory and the nature 
of the samples Field duplicates may 
be anale to monitr te ci 
be analyzed to monitor the precsion 
of the sampling technique. When 
doubt exists over the identification of 
a peak on the chrometogram. 
confirmatory techniques such as 
HPLC with a dissimilar column, gas 
chromatography, or mass 
spectrometry must be used. Whenever 
possible, the laboratory should 
perform analysis of standard 
reference materials and particioate in 
releyant performance evaluation 
studies. 
9. Sample Collection, 

Preservation, and Handling 
9.1 Grab samples must be collected 
in glass containers. Conventional 
sampling practices ' a' should be 
followed, except that the bottle must 
not be prewashed with sample before 
collcEtion Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. 
Automatic sampling equipment must 
be free as possible oi Tygon and other 
potential sources of contamination. 
9.2 The samples must be iced or 
9s 
refrigerated at 4"C and stored in the 
dar rom the time of collection until 
extraction. Both benzidine and 3.3'
dichlorobenzidine are easily oxidized. 
Fill the sample bottle and, at time of 
collection, if residual chlorine is 
present, add 80 mg of sodium 
thiosulfate per liter of sample. and 
mix thoroughly U.S Environmental 
Protection Agency methods 330.4 and 
330 5 may be used for measurement 
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of residual i:hlorine" Field test kits 
are availjile for this pturpt)se All.e 

mi11xilg adlist the pH of the sample to 

a range ol 2 to 7 with sulfuric acid 

9.3 If I 2-diphenyl hydrazine is likely 

to be present. adlust the pH of the 

sample to 4 0 •0 2 to prevent 
rearrangement to benzidine 

9.4 All samples must be extractedwithin seven days Extracts may be 

held up to seven days before analysis. 
an inert (oxidant free)if stored under 

atmosphere"* The extract should be 
protected from light
10. Sample Extraction 

10.1 Mark the water meniscus on 
the side of the sample bottle for later 

determination of sample volume Pour 
the entire sample into a two-liter 

separatorv funnel Check the pH of 
the sample with wide-range pH paper 
and adjust to within the range of 6 5 

to 7 5 with sodium ydroxide or 

sulfuric acid solutions 

10.2 Add 100 mL chloroform to the 

samile bottle. seal. and shake 30 

seconds to rinse the inner walls. 

(Caution Hande chloroform in a well 

ventilated area.) Transfer the solvent 

to the separatory funnel and extract 
the sample by shaking the funnel for 
two minutes with periodic venting to 
release excess pressure. Allow the 

organic layer to separate from the 

water phase 'or a minimum of 

minutes If the emulsion interface 
betwct n layers is more than one-third 

the volume of the solvent laver, the 

analyst must employ mechanical 
techniques to complete the phase 

The optimum techniqueseparation 
depends upon the sample, but may 

include stirring, filtration of the 

emulsion through glass wool, 

centrifugation. or other physical 
methods Collect the chloroform 
extract in a 250-mL separatory funnel. 

10.3 Add a 50-mL volume of 

chloroform to the sample bottle and 
repeat the extraction procedure a 
seccnd time. combining the extracts 
in the separatory funnel Perform a 

third extraction in the same manner 

'10.4 Separate and discard any 

aqueous layer remaining in the 250-

mL separatory funnel after combining 
the organic extracts. Add 25 mL of 1 
M sulfuric acid and extract the sample 
by shaking the funnel for two 
minutes. Transfer the aqueous layer 
to a 250-I.n beaker Extract with two 
additional 25-mL portions of 1 M 
sulfuric acid and combine the acid 

extracts -n the beaker 
10.5 Place a stirbar in the 250-mL 
beaker and stir the acid extract while 

carefully adding 5 mL of 0 4 M 

stldium trihasic phosphate While 
ilUnitoring with ai pH ineter. 
neitr .lhze the extract to a pH between 

6 and 7 by dropwios' addil;on of 5 N 

NaOH white sti'?ing the solution 
vigorously App,-oxim ;ely 25 to 30 mL 

of 5 N NaOh wll be reQc.,,red and it 

should be added o,,er a. least a two-
minute period. Do iiot allow the 
sample pH to exceed 8. 

10.6 Transfer the neutralized extract 

into a 250-mL separatory funnel. Add 

30 mL of chloroform and shake the 

funnel for two minutes. Allow the 
phases to separate. and transfer the 
organic layer to a second 250-mL 

separatory funnel 
10.7 Extract the aqueous layer with 

two additional 20-mL ahiquots of 
chloroform as before Combine the 

extracts inthe 250-mL 

funnel. 

10.8 Add 20 mL of reagent water to 

the combined organic layers and 

shake for 30 seconds.30~8.2 
10.9 Transfer the organic extract 

into a 100-mL round bottom flask 

Add 	20 mL of methanol and 
rotaryconcentrate to 5 mL with a 

evaporator at reduced pressure and 
35"C. An aspirator is recommended 
for use as the source of vacuum. Chill 
the receiver with ice. This operation 

requires approximately 10 minutes 

Other concentration techniques may 

be employed. f the requirements of 

Section 8 2 are met 

9-inch Pasteur 

pipette. transfer the extract to a 15 

mL conical screw-capped centrifuge 

tube. Rinse the flask, including the 

entire side wall, with 2-mL portions of 

methanol and combine with the 

10.10 Using a 

original extract 
10.11 Carefully concentrate the 
extract to 0.5 mL using a gentle 

stream of nitrogen while heating in a 

30'C water bath. Dilute to 2 mL with 
methanol, reconcentrate to 1 mL. and 
dilute to 5 mL with acetate buffer Mix 

extract thoroughly. Cap the centrifuge 
tube and store refrigerated and 

protected from hgn if further 
processing will not be performed 

immediately. 
10.12 Determine the original 
sample volume by refilling the sample 
bottle to the mark and transferring the 
liquid to a 1000-mL graduated 
cylinder. Record the sample volume to 
the nearest 5 mL.benidine 
tthe 
11. C1.%anup and Separation 


11.1 Additional cleanup procedures 
may not be necessary for a relatively 

clean sample matrix The single 
operator prei:iS'08 ;and ar:curacv dal; 
in Sectinn 14 were ijalhfi,-l u, nq 

only those cleanup procedures that 

are inherent in the extraction 
procedures of this method If 

particular circumstances demand the 

use of an alternative cleanup 
procedure. the analyst must 
determine the elution profile anddemonstrate that the recovery of each 
compound of interest is no less than 
85%. 

12. Liquid Chromatography 

12.1 Table I summarizes the 
recommended operating conditions for 
the HPLC. This Table includes 
retention times, capacity factors, andMDL that were obtained under these 
cdit wn exaine od these
 

metr AnAeporatory
example of the para-
HPLC column is shown tnFigure 1 

Other HPLC columns. chroma

tographic conditions, or detectors may 

be used if the requirements of Sectionare met When the HPLC is idle. it 
s advisable to maintain a 0 1 mL/mi 

flow through the column to prolong 
column life. 

12.2 Calibrate the system daily as 
described in Section 7 

12.3 Ifthe internal standard
 

approach is being used. the standard 

must be added to the sample extract.
 

and mixed thoroughly immediately,
 

before ilection into the instrument
 

.L of the sample12.4 Inlect 5 to 25 
extract If constant volume inlection 

loops are not used. record the volume 

infected to the nearest 0 05 pL. and 

the resulting peak size in area or peak 

height units 

12.5 The width of the retention time 
window used to make identifications 
should be based upon measurements 
of actual retention time variations of 

standards over the course of a day 
Three times the standard deviation of 
a retention time for a compound can 

be used to calculate a suggested 
window size, however, the eAperience 

of the analyst should wiigh heavily in 

the interpretation of chromatograms. 

12.6 If the response for the peak 
exceeds the workinC range of the 
system, dilute the extract with mobile 
phase and reanalyze. 
12.7 If the measurement of the peak 
12.7 fhenesrme of te ba 

is prevented by 
presence ef iLterferences. reduce 

the electrode potential to - 0 6 volts 
and reanalyze If the benzidine peak is 

still obscured by interferences, further 
cleanup is required. 
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13. Calculations 
13 1 Determine tlie concentration of 
individualtcompon I oeramle 
individual compounds in the sample 

13.1.1 If the external standard 
calibration procedture is used. 

ovries sned able wercalculate the amount of miaterial ' Each spiked sample wascalecultefo the p~krsos ~~gobtaineid' 

the concPnlra tion rantle from 7x MDL 

it3000 x MDL"" 
14.3 IOhio 
14.3 Inl single laorator (Batielle. 

Caiiilius Ltweoratores). using spiked 
waseowater samples, the average 

intected fromn the poak response using 
the calibration curve or calibration 
factorpercent 

concentration in the sample can be 
calculated from the equation 2 

(A)(V,) 

Eq 2. Concentration.,g L VV 
(VXV) 


where 
A Amount of material infected, in 

nanograms 
V. Volume of extract infected 

(PL) 
V. Volume of total extract (ML) 
V. Volume of water extracted (mL) 

13.1 2 If the internal standard 
calibration procedure was used. 
calculate the concentration in the 
sample using the response factor (RF) 
determined in Section 7 3 2 and 
equation 3 

(AHXl) 

Eq. 3 Concentration.pg L (A,,XRFXVo) 

where 
A, Response for the parameter to 

be measured 
A,. Response for the internal 

standard 
1, Amount of internal standard 

added to each extract (ug) 
Vo Volume of water extracted. in 

liters 

13.2 Report results in micrograms 

per liter without correction for 

recovery data. When duplicate and 

spiked samples are analyzed, report 

all data obtained with the sample 

results 

13.3 For samples processed as part 
of a set where the laboratory spiked 
sample recovery falls outside of the 
control limits in Section 8 4, data for 
the affected parameters must be 
labeled as suspect 

14. Method Performance 
etnd deecton lmit14.1The 

The metnod detection imt
14.1 

(MDL) is defined as the minimum 
concentration of a substance that can 

be measured and reported with 99% 

confidence that the value isab.,ve 
zero"' The MDL concendrato.3 listed 
in Table 1 were obtained using 
reagent water"ve Similar results were 
achieved using representative 
wastewaters 

14.2 This method has been tested 
for linearity of analyte recovery from 
reagent wale- and has been 
demonstrated to be applicable over 

analyzed in triplicate on two separate 
days The standard deviation of the 

recovery isalso included n
 

Table 2 

14.4 The U S Environmental Protec

tion Agency is in. the process of 
conducting an interlaboratory method 
study to fully.define the performance 
of this method 
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Table I 	 Chrwnalographic Conditions atnd Method 
Derectiwi' Limms 

Reteltion Colt,,i1) Method 

Parameter Time Capacity Detection Limit 
tMil) Factor (jg,"Li 

61 1 44 008Benzidine 
3.3".dchlorobetzidine 12 1 	 384 0 13 

HPLC Colunrn conditions. Liclrosorb RP.2, 5 micron 

particle size. in a 25 cin x 4 6 mm ID stainless steel 

column Mobile Phase 0 8 noL. mm of 501X 

aceronitrde 50%, 0 IM pH 4 7 acetate buffer The method 

detection hnit was determined using an electrochemical 

detector operated at 0.8 volts. 

Single Operator Accuracy and PrecisionTable 2. 

Average Standard Spike 
Percent Deviation range 

Parameter Recovery % (pig/LI 

65 114 10.50Benzidine 
9.6 	 1.0-503.3.Dichlorobenzidine 64 

605.7 


Column: Lichrosorb RP-2 
Mobile phase: 50% Acetonitrile in 

acetate buffer 
Detector: Electrochemical at 

+0.8 volts 

Number 
of Matrix 

Analyses Types 

30 	 5 . 

.b
30 	 5 

.2 

9
 

I 	 I 

6 	 12 

Retention time. minutes 

Figure 1. 	 Liquid chromatogram 
of benzidines 

July 1982 
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Phthalate Esters
 
Method 606
 

1. Scope and Application 

1.1 This method covers the 
determination of certain phthalate 
esters The following parameters can 
be determined by this method 

Parameter 
Bis(2.ethylhexyl) phthalate 
Butyl benzyl phthala:e 
Di-n-butyl phthalate 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-octyl phthalate 

1.2 This is a gas chromatographic 
(GC) method applicable to the 
determination of the compounds listed 
above in municipal and industria.1 
discharges as provided under 40 CFR 
136 1 When this method is used to 
analyze unfamiliar samples for any or 
all of the compounds above, 
compound identifications should be 
supported by at least one rdditional 
qualitative technique This rnetnod 
describes analytical conditions for a 
second gas chromatographic column 
that can be used to confirm measure-
ments made with the primary column 
Method 625 provides gas chromato-
graph/mass spectrometer (GC,'MS) 
conditions appropriate for the qualita. 
tive and quantitative confirmation of 
results for all of the parameters listed 
above. u-sing the extract produced by 
this method 

1.3 The method detection limit 
(MDL. defined in Section 14)"' for 
each parameter is listed in Table I 
The MDL for a specific wastewater 
may differ fron, those listed, 
depending upon the nature of 
interferences in the sample matrix. 

606.1 July 1982 

STORET No CAS No. 

39100 117-81-7 
34292 85.68-7 
39110 84.74-2 
34336 84-66-2 
34341 131-11-3 
34596 117-84-0 

1.4 The sample extraction and 
concentration steps in this method are 
essentially the same as in methods 
608. 609. 611 and 612 Thus, a single 
sample may be extracted to measure 
the parameters included in the scope 
of each of these methods Whei 
cleanup is required, the concentration 
levels must be high enough to permit 
selecting aliquots. as necessary to 
apply appropriate cleanup procedures 
The analyst is allowed the latitude. 
under Gas Chromatography (Section 
12), to select chromatographic 
conditions appropriate for the 
simultaneous measurement of 
combinations of these parameters 
1.5 Any moaification of this method. 
beyond those expressly permitted. 
shall be considerec. a malor 
modification subject to application and 
approval of alternate test procedures 

under 40 CRF 136 4 and 136 5 

1 ., This method is ;estricted to use 
by or under the supervision of 
analysts experienced in the use of gas 
chromatography and in the 
interpreiation of gis chromatograms 
Each analyst must demonstrate the 



ability to qenerate ,,:cepttahlte rt-sulIs 
with tis methito usin It, proc rire 

dlescribed in Section 8 2 

2. Summary of Method 

2.1 A measured volume of sample, 
approximately 1.liter. is solvent 
extracted with iviethylene chloride 
using a separa(ory funnel The 
inethylene chloride extract is dried 
and exchanged to hexane during 
concentration to a volume of 10 mL or 
less Gas chromatographic conditions 
are described which permit the 
separation and measurement of the 
compounds in the extract by electron 
capture gas chromatography'" 

2.2 Analysis for phthalates is 
especially complicated by their 
ubiquitous occurrence in the 
environment This method provides 
Florisil and alumina column cleanup 
procedures to aid in the elimination of 
interferences that may be 
encountered 

3. Interferences 
3.1 Method interferences may be 
caused by contaminants in solvents, 
reagents, glassware. and other 
sample processing hardware that lead 
to discrete artifacts .nd' or elevated 
baselines in gas r.,romatograms All 
of these materials must be routinely 
demonstrated to be free from 
interferences under the conditions of 
the analysis by running laboratory 
reagent blanks as described in Section-
8 5 

3. 1.1 Glassware must be 
scrupulously cleaned'3 Clean all 
glassware as soon as possible after 
use by rinsing with the last solvent 
used in it This should be followed by 
detergent washing with hot water, 
and rinses with tap water and 
distilled. It should then be drained dry, 
and heated in a muffle furnace at 
400'C for 15 to 30 minutes Some 
thermally stable materials, such as 
PCBs. may not be eliminated by this 
treatment Solvent rinses with 
acetone and pesticide quality hexane 
may be substituted for the muffle 
furnace heating. Volumetric ware 
should not be heated in a muffle 
furnace After drying and cooling, 
glassware should be sealed and 
stored in a clean environment to 
streent n acuulan rofet or
prevent any accumulation of dust or 
other contaminants. Store inverted or 

3.1.2 The use of high purity 
reagents and solvents helps to 
minimize interference problems 
Purification of solvents by distillation 
in all-glass systems may be required 

3.2 Phlihalate esters are 
cOnli IIIIinlis in Ilany prnducts 
commonlv fnund in tie labnratorv It 
is particularly imp.ortant to avoid the 
use of plastics because phthalates are 

commonly used as plasticizers and are 
easily extracted from plastic materials 
Serious phthalate contamination can 
result at any time. if consistent quality 
control is not practiced Great care 
must be experienced to prevent such 
contamination Exhaustive cleanup of 
reagents and glassware may be 
required to eliminate background 
phthalate contamination' 5, 
3.3 Matrix interferences may be 
caused by contaminants that are 

coextracted from the sample. The 
extent of matrix interferences will 
vary considerably from source to 

source, depending upon the nature 

and diversity of the industrial complex 
or municipality being sampled The 
cleanup procedures in Section 11 can 
be used to overcome many of these 
interferences, but unique samples 
may require additional cleanup 

approaches to achieve the MDL listed 
in Table 1. 

4. Safet, 
The toxicity or carcnogencty of 

The t or inoenicmthof 
each reagent used in this methodhes 
not been precisely d sfmed:however. 
eachtreatedchemicala potentiaicompoundhealthhl hazardas d 
From this viewpoint, exposure to 
these chemicals must be remijced to 
the lowest possible level by whatever 

means available. The laboratory is 
..:;ponsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method A 
reference file of material data 
handling sheets should also be made 
available to all personnel involved in 
the chemical analysis. Additional 
references to laboratory saftiy are 
available and have been identified '6-0' 
for the information of the analyst. 

5. Apparatus and Materials 

5.1 Sampling equipment. for 
discrete or composite sampling. 

Grab sample bottle -Amber. 
glass, one-liter or one-quar. vulume. 
fitted with screw citps lined with Tef-
Ion. Foil may be suostituted for Teflon 
if the :;ample is no corrosive. If amber 
bottles are not available, protect 

samples from light. The container and 
cap liner must be washed, rinsed with 
acetone or methylene chloride, and 
dried before use to minimize con-
tamination 

5. 1 2 Automatic sampler (optional) 
MIIst incurlioraie q las,, a mlh. 
coniainhrs tnr the collecitionn of a 
mininiuni ol 250 mL Sample 
containers must be kept refrigerated 
at 4 C and protected from light during 
compositing If the sampler uses a 
peristaltic pump. a minimum length of 
compressible silicone iubber tubing 
may be used. Before use. however. 
the compressible tubing should be 
thoroughly rinsed with methanol. 
followed by repeated rinsings with 
distilled water to minimize the 
potential for contamination of the 
sample An integrating flow meter is 
required to collect flow proportional 

copose 
5.2 Glassware fAll specifications are 
suggested Catalog numbers are 

included for illustration only) 

5.2.1 Separatory funnel - 2000-mL. 
with Teflon stopcock 
5.2.2 Drying column 
Chromatogrphic column 400 mm 
long x 19 mm ID with coarse fr it 

5.2.3 Chromatographic column • 
300 mm long x 10 mm ID with coarse 
fritted disc at bottom and Teflon 
stopcock (Kontes K.420540-0213 or 
equivalent) 

5.2.4 Concentrator tube. Kuderna-
Danish 10-mL. graduated fKontes K
5700501025 or equivalent e 
vohlue emloye inchetes t GrounCalibration must be checked at the 
volumes employed in the test Ground 
glass stopper is used to prevent 
evaporation of extracts 

5.2.5 Cvaporative flask. Kuderna-
Danish - 500-mL (Kontes K -570001 
0500 or equivalent) Attach to 
concentrator tube w;th springs 
5.2.6 Snyder column. Kuderna-
Danish three-ball macro Kontes K
503000-012 1 or equivalent) 

5.2.7 Snyder column. Kuderna-
Danish - two-ball micro (Kontes K
569001-0219 or equivalent) 
5.2.8 Vials - Amber glass. 10. to 15
mL capacity, with Teflor-lined screw
cap 

5.3 Boiling chips - approximately 
10/40 mesh Heat to 400'C for 30 
minutes or Soxhlet extract with 

Co5.r1.e1 

5.4 Water bath - Heated. with
concentric ring cover, capable of 
temperature control (: 2C) The bath 
should be used in a hood 

5.5 Balance - Analytical, capable of 
accurately weighing f 0001 g 

5.6 Gas chromatograph - Analytical 
system complete with gas 
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chromalograplh suiitble for on.coluinn 
injection and all rtluto-t(0 ,icce.twles 
including syringes analytical colimins. 
gases. detector, and strip.cliart 
recorder A data system is 
recommended for ileasring peak 
areas 

mm ID glass, packed wh 1 50o SP-

2250 1950, SP.2401 on Supelcoport 
(100 120 mesh) or equivalent This 
column was used to develop the 
method performance statements in 
Section 14 Guidelines for the use of 
alternate column packings are 
provided in Section 12 1 

5.6.2 Column 2 - 180 cm long x 4 
mm ID glass, packed with 3% OV- 1 on 
Supelcoport (100 120 mesh) or 
equivalent 

5.6.3 Detector - Electron capture 
This detector has proven effective in 
tn analysis of wastewaters for the 
parameters h--ted in the scope and 
was used to c ,,elop the method 
performance statements in Section14ue ofaltenateratio 
14 Guidelines for the use of alternate 
detectors are provided in Section12.1 

6. Reagents 

6.1 Reagent water - Reagent water 

is defined as awater in which an 

interferent is not observed at the 

MDL of each parameter of interest 

6.2 Acetone. hexane. isooctane. 
methylene chloride, methanol -
Pesticide quality or equivalent. 

6.3 Ethyl ether - Nanograde. 
redistilled in glass if necessary. 

6.3.1 Must be free of peroxides as 
indicated by EM Quant test strips. 
(Available from Scientific Products Co.. 
Cat No P1126.8 and others.) 

6.3.2 Procedures recommended for 
removal of peroxides are provided 
with the test strips After cleanup. 20 
mL ethyl alcohol preservative must be 
added to each liter of ether 

6.4 Sodium sulfate - fACS) 
Granular. anhydrous. Several levels of 
purification may be required in order to 
reduce background phthalate levels to 
an acceptable level: 1) Heat four 
hours at 400'C in a shallow tray. 2) 
Heat 16 hours at 450.50(rC in a 
shallow tray. 3) Soxhlet extract with 
methylene chloride for 48 hours. 

6.5 Florisil - PR grade (60/100 
mesh) Purchase activated at 12501F 
and store in dark in glass container 
with ground glass stopper or fo..lined 
screw cap To prepare for use. place 
100q of Florsil into a 500-mL beaker 

and heal for approximately 16 hours 
,it 400 C Alter heating transfer to a 
500-onL reagent bottle Tightly seal 
and cool to room temperature When 
cool add 3 mL of reagent water Mix 
thoroughly by shaking or rolling for 10 
minutes and let it stand for at least 
two hours Keep the bottle sealed 
tghtly 

6.6 Alumina - Neutral activity Super 
I. W200 series. (ICN Life Sciences 
Group. No 404583). To prepare for 
use. place 100 g of alumina into a 
500-mL beaker and heat fo 
approximately 16 hours at 400"C. 
After heating transfer to a 500-mL 
reagent bottle. Tightly seal and cool to 
room temperature. When cool add 3 
mL of reagent water Mix thoroughly 
by shaking or rolling for 10 minutes 
and let it stand for at least two hours. 

Keep the bottle sealed tightly 
6.7 Stock standard solutions (1 00 
ug//JL) - Stock standard solutions can 
be prepared from pure standard 
materials or purchased as certifi'd 
solutions 
6.7. 1 Prepare stock standard 
solutions by accurately weighingabout 0.0 100 grams of pure material. 

absovthe010 ras o pueate,Dissolve the material in pesticide 
quality isoociane. dilute to volume in 

a 10-mL volumetric flask. Larger 
volumes can be used at the 
convenience of the analyst. If 

compound purity is certified at 96% or 
greater. the weight can be used 
without correction to calculate the 
concentration of the stock standard 
Commercially prepared stock 

standards can be used at any 
concentration if they are certified by 
the manufacturer or by an 
independent source. 

6.7.2 Transfer the stock standard 
solutions into Teflon-sealed screw-cap 
bottles. Store at 4*C and protect from 
light. Stock standard solutions should 
be checked frequently for signs of 
degradation or evaporation, especially 
just prior to preparing calibration 
standards from them. Quality control 

check standards that can be used to 
determine the accuracy of calibration 
standards will be available from the 
U.S. Environmental Protection 
Agency. Environmental Monitoring 
and Support Laboratory. Cincinnati. 
Ohio. 45268 
6.7.3 Stock standard solutions must 
be replaced after six months, or 

sooner if ci.,mparison with check 
standards indicate a problem. 
7. Calibration 

7.1 Establish gas chromatographic 
operating parameters equivalent to 

those indicated in Table 1 The gas 
chroinatographic system can he 
calibrated ising the external standard 
technique (Section 7 2) or the internal 
standard technique (Section 7 3) 
7.2 External standard calibration 

procedure
7.2. 1 Prepare calibration standards 

at a minimum of three concentration 
levels for each parameter of interest 
byadding volumes of one or more 
stock standards to a volumetric flask 
and diluting to volume with isooctane 
One of the external standards should 
be at a concentration near, but 
above. MDL and the other concentra
tions should correspond to the ex
pected range of concentrations found 
in real samples or should define the 
working range of the detector 

7.2.2 Using injections of 2 to S pL 
of each calibration standard, tabulate 
peak height or area responses against 
the mass injected The results can be 
used to prepare a calibration curve for 
each parameter Alternatively. if theof response to amount intected 
(calibration factor) isa constant over 

t on r is 1 reative
the working range I< 10% relative 

standard deviation. RSD). linearitythrough the origin can be assumed 
and the rgi cabration 
factor can be usedreiplace of a 

ca n ue 
calibration curve 

7 2 3. The working calibration curve 
or ca,.jration factor must be verified 
on each working day by the 
measurement of one or more 
calibration standards. If the response 

for any parameter varies from the 
predicted response bv more than 
-10%. the test must be repeated 
using a fresh calibration standard 

Aternativel, a new calibration curve 
or calibration factor must be prepared 
fe, that parameter 
7.3 Internal standard calibration 
procedure. To use this approach. the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 

of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected 
by method or matrix interferences. 
Because of these limitations, no 
internal standard can be suggested 
that is applicable to all samples. 
7.3.1 Prepare calibration stanc'ards 
at a minimum of three concentration 

levels for each parameter of intcrest 
by adding volumes of one or more 
stock standards to a volumetric flask. 
To each calibration standard, add a 
known constant amount of one or 
more internal standards, and dilute to 
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volume witlh isooctane One of the 
standards shlould lte t1a 
concentration near. hit above the 
MDL and the other concentrations 
should correspond to the eApected 
range of concentrations found in real 
samples or should define the working 
range of the detector 

7.3.2 Using intections of 2 to 5 pL 
of each calibration standard, tabulate 
peak height or area responses against 
concentration for each compound and 
internal standard. and calculate 
response factors (RF) for each 
compound using equation 1 

Eq 1 RF (A.C,,),'(A.. C.) 
where 

A, - Response for the parameter to 
be measured 

A., Response for the internal 
standard 

C., Concentration of the internal 
standard. (jjg'L) 

C, Concentration of the parameter 
to be measured. pg/aL) t 

If the RF value over the working range 
is a constant (<10%RSD). the RF can 
be assumed to be invariant and the 
average RF can be used for calcula-
tions. Alternatively, the results can be 
used to plot a calibration curve of re-
sponse ratios, A..:A,. vs. RF 

7.3.3 The working calibration curve 
or RF must be verified on each 
w3rking day by the measurement of 

Ifone or morecalibration standards 

the response for ar(Voefameter varies 

from te predicted resionse by more 

than =10%. the test must be repeated 
using a fresh calibration standard 
AXternatively. a new calibration curve 
must be prepared for that compound 

7.4 Before using any cleanup 
procedure, the analyst must proceqs a 
series of calibrition standards through 
the procedure to validate elution 

patterns and the absknee of 
interferences from th6 reagents, 

8. Quality Control 

8.1 Each laboratory that uses this 
method is required to operate 8formal 

quality control program The minimum 
requirements of this program consist 

ofan initial demonstration of 
laboratory capability and the analyss 
of spiked samples ace continu g 
check on performance The laboratory 
is required to maintain performance
records to define the quality of data 

that is generated Ongoing 
performance checks must be 
compared with establshJ 
performance criteria to determine if 
the results of analyses are within 
accuracy and precision limits expected 
of the method. 

8. 11 Belore performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision 
with this method This ability is 
established as described in Section 
8 2 
8. 1.2 In recognition of the rapid 

advances that are occurring in 
chromatography, the analyst is 
permitted certain options to improve 
the separations or lower the cost of 
measurements. Each time such 
modifications are made to the method. 
the analyst is required to repeat the 
procedure in Section 8.2. 
8.1.3 The laboratory must spike and 

analyze a minimum of 10% of all 
samples to monitor continuing 
laboratory performance. This 
procedure is described in Section 8 4 
8.2 To establish the ability to 

eeaeacpabeacrc n 
generate acceptable accuracy and 
precision, the analyst must perform 

8.2.1 Select a representative spike 
concentration for each compound to 
be measured Using stock standards. 
prepare a quality control check sample 
concentrate in acetone 1000 times 
more concentrated than the selected 

concentrations Quality control check 
sample concentrates, appropriate for 

use with this method will be available 
from the U.S Environmental 
Protection Agency. Environmental 
Monitoring and Support Laboratory. 
Cicnai Ohio 45268.erael.th 
Cincinnati, Ohio 45268 
8.2.2 Using a pipet. add 1 00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL 

aliquots of reagent water A 
representative wastewater may be 
used in place of the reagent water. 
but one or more additional aliquots 
must be analyzed to determine 
background levels, and the spike level 

must exceed twice the background 
level for the test to be valid Analyze 

the aliquots according to the method 
beginning in Section 10. 

8.2.3 Calculate the average percent 
recovery. (R). and the standard 
deviation of the percent recovery (s). 
fur the results. Wastewater 

ackground corrections must be made 
before R and s calculations are 
performed. 

8.2.4 Using Table 2. note the 
average recovery fX) and standard 
deviation (p) expected for each method 

parameter Com,-,are these to the 
calculated values for R and s. If s > 

22p or IX-RI > p. review potential 
problerm areas and repeat the test 

8.2.5 The U S Environmental Pro
t-clion Agency plans to establish per. 
formance criteria for R and s based 
upon the results of interlabora tory 
testing When they become available. 
these criteria must be met before any 
samples may be analyzed 
8.3 The analyst must calculate 

method performance criteria and 
define the performance of the 
laboratory for each spike 
concentration and parameter being 
measured. 
8.3.1 Calculate ipper and lower 
control limits for method performance 

Upper Control Limit (UCL) - R + 3 s 

Lower Control Limit (LCL) R 3 s 
where R and s are calculated as in 
Section 8.2.3. The UCL and LCL can 
be used to construct control charts 'g' 

that are useful in observing trends in 

performance. The control limits above 
must be replaced by method perfor
mance criteria as they betome avail
able from the U S Environmental Pro
tection Agency 

8.3.2 The laboratory must develop 
and maintain separate 3ccuracy 
statements of laboratory performance 
for wastewater samples An 
accuracy statement for the method is 
defined as P s. The accuracy 
statement should be developed by the 
analysis of four aliquots of 
wastewater as described in Section 
8.2 ), flllowed by the calculation of R 

nayt a 
use four wastewater data points 
gathered through the requirement for 
continuing quality control in Se.tion 
84 The accuracy statements should 

' 9' 
be updated regularly 

8.4 The laboratory is required to
 
8.le aortor iseire to

collect a porion of their samples in 

to monitor spike recoveriesduplicate 
The frequency of spiked sample
 

10% of all
anaiysis must be at least 
samples or one sampleOne aliquot ofper month.whchever s greater 
the sample must be spiked and 

analyzed as described in Section 8 2 

If the recovery for a particular 
parameter does not fall within the 
control limits for method performance. 
the results reported for that parameter 
in all samples processed as part of the 
same set must be qualified as described 
in Section 13 3 The laboratory should
monitor the frequency of data so 
qualified to ensure that t remains at 
or below 5% 

8.5 Before processing any samples. 
the analyst should demonstrate 
through the analysis of a one-liter 
aliquot of reagent water, that all 
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qlassware and rt.qt.ts interferenictes 

are uncltr control Each tilia -1st of 

sampis is extracttd or there is a 
change in reagents a lahrltorv 
reagent blank should be processed as 

a safeguard against laboratory 
contamination 

8.6 It is recomlend2d that the 
laboratory adopt additional quality 

assurance practices for use with this 

method The pecilic practices that 

are most productive depend uponth 

needs of the laboratory and the nature 
of the samples Field duplicates ma 

be analyzed to monitor the precision 
of the sampling technique. When 

doubt exists over the identification of 

a peak on the chromatogram, 
confirmatory techniques such as gas 

chromatography with a dissimilar 
column, specific element detector, or 

mass spectrometer must be used 
Whenever possible. the laboratory 
should perform analyss of standard 
reference materials and participate in 
relevant performance evaluation 
studies 

9. Sample Collection, 

Preservation, and Handling 


9.1 Grab samples must be collected 
dK.0concentrator. Rinse the10 fConventional sulfate, and collect the extract in thein glass containers 

sampling practices "0' should be 
followed, except that the bottle must 
not be prerinsed with sample before 
collection Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program 
Automatic sampling equipment must 
be as free as possible of Tygon and 
other potential sources of 
contamination 

9.2 The samples must be iced or 

refrigerated at 4'C from the time of 

collection until extraction 

9.3 All samples must be extracted 
within 7 days and completelanalyzed 
within 40 days of extract ion 

10. Sample Extraction 
10.1 Mark tre water meniscus on 
the side of the sample bottle for later 

determination of sample volume. Pour 

the entire sample into a two-liter 

separatory funnel. 

10.2 Add 60 mL methylene chloride 

to the sample bottle, seal, and shake 

30 seconds to rinse the inner walls. 
Transfer Ihp solvent to the separatory 

funnel and extract the sample by 

shakinq the funnel for two minutes 

,.,.thperiodic venting to release 
excess pressure Allow the organic 
layer to separate from the water 

phase. for a nmintillun (0f10 minutes 

If tIe emulstit n inter fa;ieIlw .en 

° 

layers is inort than one-third the 

volume of the solvent layer. the 
analyst must employ mechanical 
techniques to complete the phase. 
separation The optimum technique 

depends upon the sample. but may 
include stirring filtration of the 


emulsion through glass wool, 
centrifugation or other physical 
methods Collect the methylene 
chloride extract in a 250-mL 
Erlenmeyer flask 
10.3 Add a second 60-mL volume of 

methylene chloride to the sample 

bottle and repeat the extraction 
procedure a second time. combining 
the extracts in the Erlenmeyer flask. 
Perform a third extraction in the same 

manner 
10.4 Assemble a Kuderna-Danlish 
(K-D)concentrator by attaching a 10-


mL concentrator tube to a 500-mL 

evaporative flask. Other concentration 
devices or techniques may be used in 
place of the K-D if the requirements 

of' Section 8.2 are met. 

10.5 Pour the combined extract 

through a drying column containing 

about 10 cm of anhydrous sodium 

Eren rask an th h 

Erlenmeyer flask and column with 20 
to 30 mL of methylene chloride to 
complete the quantitative transfer 


10.6 Add one or two clean boiling 
chips to the evaporative flask and 
attach a three-ball Snyder column 
Prewet the Snyder column by adding 
about 1 mL methylene chloride to the 
top Place the K-D apparatus on a hot 
water bath (60 to 65C)so that the 

concentrator tube is partially im-

mersed in the hot water, and the 
entire lower rounded surface of the 
flask is bathed with hot vapor Ad! It 

the vertical position of the apparat 
and the v),ter temperature as 
required to complete the concentra-
tion in 15 to 20 minutes. At the 

proper rate of distillation 'he balls of 

the column will actively chatter but 
the chambers will not flood with con-
densed sol.,ent. When the apparent 

volume of liquid reaches 1 mL. 

the K-D apparatus and allow 

a least 10 
remove 
it to drain and cool for 
minutes. 

10.7 Increase the te.nperature of 


thp hot water bath to about 8W1 C 


Momentarily remove the Snydcr 

co!umn. add 50 mL of hexane and a 


new boiling chip and reattach the 


Snvoer column Pour atout 1 mL of 


hexane into the top of the Snyder 
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column and concentrate the solvent 
oxtrart as Itefore Elal)sed time of con 

cenlralion should be 5 to 10 minutes 

When the apparent volume of liquid 
reaches 1 mL. remove the KD ap

paratus and allow it to drain and cool 
for at least 10 minutes 

10.8 Remove the Snyder column and 
rinse the flask and its lower oint into 

the concentrator tube with 1 to 2 mL 

of hexane and adlust the volume to 
10 mL. A 5-mL syringe is 
recommended for this operation 

Stopper the concentrator tube and 
store refrigerated if further processing 

will not be performed immediately If 
the extracts will be stored longer than 

two days they should be transferred 

to Teflon.sealed screw-cap bottles If 
the sample extract requires no further 

cleanup, proceed with gas 
chromatographic analysis. If the 

sample requires cleanup, proceed to 

Section I1
 

10.9 Determine the original sample 
volume by refilling the sample bottle 
to the mark and transferring the water 

1000-mL graduated cylinderto a to theRecord the sample volume 

nearest 5 mL 

11. Cleanup and Separation 
11.1 Cleanup procedures may not 
be necessary for a relatively clean
 

sample matrix. The cleanup
 
ple recenuthp s
 

method have beer, .sed for the
 
analysis of various -iean waters and
 
industrial effluents It particular 
circumstances demand the use of an 
alternative cleanup procedure, the 
analyst must determine the elution 
profile and demonstrate that the 
recovery of each compound of intirest 

is no less than 859. 

11.2 If the entire extract is to be
 
cleaned up by ont , ' the following
 
two procedures. it must be
 
concentrated to about 2 mL. To the 

concentrator tube in Section 10 8. 
add a clean boiling chip and attach a 
two-ball micro-Snyder column
 

Prewe the column by adding about
 

0.5 .nL hexane to the top Place the 
- apparatus on a hot water bath

8paC) so that the concentrator tube is 
oni ot waterpartially immersed 

AdluSt the vertical position of the 

apparatus and the water temperature 
as required n omplete the 

Atconcentraion in 5 to 10 minu'.es 
the proper rate of distillation the balls 

of the crcumn will actively chatter but 

the chambers wil not flood When 

the apparent volume of liquid reaches 

about 0 5 mL. remove the K-D 

apparatus and allow it to drain and 

http:minu'.es
http:rt.qt.ts


cool for at least 10 nintites Remove 
tie micro-Snyler olilin mid :lIt-
its lower joint mint the concentrator 
tube with 0 2 iL of hexane Proceed 
with one of the following cleanup 
procedures Proper use of either 
piocedure should yield acceptable 
results 

1.3 
Florisil column cleanup for 

11.3.1 Place lOg of Florisil inio a 
10 mm 10 chromatography column 
and tap the column to settle the 
Florisil Add 1 cm of anhydrous 
sodium sulfate to the top of the 
Florisil 

1.3.3 Preelute thie column with 40 
mL of hrane Discard thits eluate and 
lust prior to exposure c! the sodium 
sulfate layer to the air. trinsfer (he 2 
mL sample extract onto the column, 
using an additional 2 mL of hexane to 
complete the transfer 

11.3.4 Just prior to exposure of the 
sodium sulfate layer to the air. add 40 
mL hexane and continue the elution 
of the column Discard this hexane 
eluate 
!1.3.5 Next eluze the phthalate 

of 200o e:hyl 
ether '80% hexane fV/V) into a 500-
mL K-D flask equipped with a 10-mL 

estefs with 1CO miL 

concentrator tube. lute the column 
at a rate of about 2 ta m for 
all fractions Concentrante the 
collected fraction by standard K-D 
technique. No solvent exchange is 

necessary After concentration anJ 
cooling, adlust the volume of the 
cleaned up extract to 10 mL in the 
concentrator tube and analyze by gas 
chromatography , 

11.4 Alumina column cleanup or 
phthalate esters 

11.4.1 Place 1Og of olumina into a 
10 mm ID chromatography column 
and tap the column to settle the 
alumina Add 1 cm of anhydrous 
sodium sulfate to the top of the 
alumina, 

11.4.3 Preelute the column with 40 
mL of hexane. Discard this eluate and 
just prior to exposure of the sodium 
sulfate layer to the air, transfer the 2 
mL sample extract onto the column, 
using an additional 2 mL of hexane to 
complete the transfer. 

1.4.4 Just prior to exposure of the 
sodium sulfate layer to the air add 35 
mL of hexane and continue the 
elution of the column Discard this 
hexane eluate 

11.4.5 Next elute the column with 
140 mL of 20% ethyl ether/80% 

hexai IV V) into i 500 mL K-D flask 
lerti wl ,1 0-iiiL ul ncentralorunim wv 


Itihe Elut th e coltuimin ai a rate of 

about 2 mL min for all fractions.
 
Concentrate the collected fraction by 

standard K-D technique No solvent 

exchange is necessary After con-

ceritration and cooling. adlust the 

volume of lie cleaned up extract to 
10 mL in the concentrator tube and 
analyze by gas chromatography 

12. Gas Chromatography 

12.1 Table 1 summarizes the 
recommended operating conditions 
for the gas chromatograph Included 
in this table are estimated retention 
times and MDL that can be achieved
by this method. Examples of the 
separations achieved by column 1 are 
shown in Figures 1 and 2 Other 
packed columns. chromatographic 
conditions. or detectors may be used 
if the requirements of Section 8.2 areio con s 
met Capillary (open-tubular) columns 
may also be used if the relative 
standard deviations of responses for 
replicate ,nlections are demonstrated 
to be less than 6% and the require. 
ments of Section 8.2 are met. 

12.2 Calibrate the system daily as 
described in Section 7 
123 If the internal standard 

appoach is being used. the analyst 
must not add the internal standard to 
sample extracts until immediately 
before inlection into the instrument,
Mix thoroughly132Rprreutinmcoas 

12.4 Inlect 2 to 5 uL of the sample 
extract using the solvent-flush 
technique'' Smaller (1 0pL) 
volumes can be inlected if automatic 

devices are employed Record the 
volume injected to the nearest 0.05 
a L. and the resulting peak size in area 
or peak height units. 
12.5 The width of the retention time 
window used to make identifications 
should be based upon measurements 
of actual retention time variations of 
standards ove, the course of a day. 

Three times the standard deviation of 
a retention time for a compound can 
be used to calculate a suggested 
window size. however, the experience 
of the analyst should weigh heavily in 
the interpretation of chromatograms. 
12.6 If the response for the peak 

exceeds the working range of the 
system, dilute the extract and 
reanalyze 
12.7 If the measurement of the 
peak response is prevented by the 

presence of interferences, further 
cleanup is required. 
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13. Calculations 
o 

1.di triual co ncentat l 

13.1.1 If the external standard 
calibration procedure is used, 
calculate the amount of material 
inlected from the peak response using 
the calibration curve or calibration 
factor in Section 7 2.2 The 
concentration in the sample can be 

calculated from equation 2 
IA)(Vi) 

Eq. 2 Concentration. pg/L "-y-'v 

where: 
A Amount of material inlected. 

in nanograms 
V. 	 Volume of extract inlected (uL).
V, Volume of total extract (pL) 
V, Volume of water extracted (imL

73.7.2 Ifthe internal standard 
calibratio proereassd. 
calibration procedure was used.
 
calculate the concentration in the 
sample using the response factor IRF)
determiried in Section 7 3.2 and 

equation 3 
(AsXIs) 

Eq. 3. Concentration./g'L (A,4)(RF)(Vo)
 
where. Response for the parameter toA1 

be e suree 
b es re ie 
standard. 

I, 	 Amount of internal standard 
added to each extract (jig) 

V. 	 Volume of vater extracted. in 
liters 

13.2 Report results inmicrograms 
per tiler without correction for 
recovery data When duplicate and 
spiked samples are analyzed, report 
all data obtained with the sample 
results 

13.3 For samples processed as part
of a set where the laboratory spiked 
sample recovery fW.l, outside of the 
control limits in Sec:ion 8.3. data for 
the affected parameters must be 
labeled as suspect. 

1 4. Method Performance 
14.1 The method detection limit 
(MDL) is defined as the minimum 
concentration of a substance that can 
be measured and reported with 99% 
confidence that the value is above 
zero" The MOL concentrations listed 
in Table 1 were obtained using 

reagent water'"' Similar results were 
achieved using representative 
wastewaters 
14.2 This method has been tested 
for linearity of recovery from spiked 

reagent water and has been 
demonstrated to be applicable over 



the concentration ranqe from 5 X 
MDL to 1000 X MDL willt the 
following exceptions dinethyl and 
diethyl phlthalate recoveries at 1000 X 
MDL were.low (70%). bs .2-ethylhexyl 
and di.n-ocVl plithalate recoveries at 
5 X MDL were low (600a)11' 

14.3 In a single laboratory 
(Southwest Research Institute). using 
spiked wastewater samples, the 
average recoveries presented in Table 
2 were obtained Each spiked sample 
was analyzed in triplicate on two 
separate days The standard deviation 
of the percent recovery is also 
included in Table 212, 

14.4 The U S Environmental Protec-
tn Age 	 is in teroentas ro e-
ton Agetcy 	 is in the process of 
conducting an finerlab rfory method 
study to fully define the performance
of this method. 
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Table 1. 	 Chromatographic Conditions and Method 
Detection Limits 

Rostention Time Method 
(mm.) Detection LiMit 

Parameter Column 1Column 2 I/g/L) 

2.03 0.95 0.29Dimethylphihalate 
Diethyl phhalate 2.82 1.27 0.49 

Di.n.butyl phthalate 8.65 3.50 0.36 
Butyl benzy/ phthalate 6.94* 5.11 * 0.34 
Bs(2.ethylhexyl) phthalate 8.92- 10.5 " 2.0 
Di-n.octylphthalate 16.2 * 18.0 ' 3.0 

Column 7 conditions.' Supelcoport (100/1 20 mesh) 
coated with 7.5/ SP.2250/7.95% SP-2401 packed i a 
1.8 m long x 4 mm ID glass column with 5% 

flow rate of 60methane/95%argon carrier gas at a 
mL/min. Column temperature, isothermal at 1800C. 
except where otherwise indicated. 

Column 2 conditions. Supelcoport (100/120 mesh) 
coated with 3% OV-1 in a 1.8 m long x 4 mm ID glass 
column with 5% methane/95% argon carrier gas at 60 
mL/min flow rate. Column temperature isothermal 
2000 C except where otherwise indicated. 

*Retentiontime based upon isothermal oven 
temperature of 2200C. 

Table 2. Single Operator Accuracy and Precision 

Average Standard Spike 
Percent Deviation Range 

Parameter Recovery % (pg/Li 

Sis(2-ethylhexyl) 
phthalate 85 4.2 24-7000 

Butyl benzyl phthalate 82 6.5 3.100 
Di.n.butyl phthalate 80 6.2 20-1500 
Diethyl phthalate 94 1.3 15.50 

3.4 15.50Dimethyl phthalate 94 
86 4.9 40.750Di.n-octyl phthalate 
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Number 
of Matrix 

Analyses Types 

24 4 
24 4 
24 4 
18 3 
78 3 
24 4 

http:SP.2250/7.95


Column: 	 1.5% SP-2250. Column. 1.5% SP.2250
195% SP-240i on 1.95% SP-2401 on 
Supelcoport Supelcoport 

Temperature. 1800C. Temperature: 2200 C. 
Detector Electron capture Detector. Electron capture 

= 

a -4 

q.? = 

I. -U0. 

ii;I I I I I I I i 

0 2 4 6 6 70 

Rq stention time. minutes 

Figure 1. Gas chromatogram of 
phthalates. 

12 

0 4 8 12 16 

Retention time, minutes 

Figure 2. Gas chromatogram of 
phthalates.C:p 

ii) 
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Nitrosamines
 
Method 607
 

1. Scop6 and Application 

1.1 This method covers the 
determination of certain nitrosamines. 
The following parameters can be 

determined by thic method: 

Parameter 

N-Nitrosodimeohylamine 
N-Nitrosodiphenylamine 
N.Nitrosodi-n-prcpylamine 

1.2 This is a gas chromatographic 
(GC) method applicable to the determi-
nation of the parameters listed above in 
municipal and industriel discharges as 
provided under 40 CFR 136.1. When 
this method is used to analyze unfa-
miliar ,samples for any or all of the 
compounds above, compound identifi-
cations should be supported by at least 
one additional qualitative technique. 
This method describes analytical 
conditions for a second gas 
chromatographic column that can be 
used to confirm measurements made 
with the primary column. Method 625 
provides gas chromatograph/lmass 
spectrometer (GC/MS) conditions 
appropriate for the qualitative and 
quantitative confirmation of results for 
N.nitrosodi-n-propylamine. I order to 
confirm the presence of N-nitrosodi-
phyenylamine, the cleanup procedure 
specified in Section 11.3 or 11.4 must 
be used. In order to confirm the pre-
sence of N-nitrosodimethylamine by 

,GC/MS, chromatographic column 1of 
this method must be substituted for 
the column recommended in method 
625. Confirmation of these parameters 
using GC-high resolution mass 
spectrometry or a Thermal Energy 
Analyzer is also recommended 
practicetl.2), 

Environmen:al Monitoring and 
Support Laboratory 
Cincinnati OH 45268 

STORET No. CAS No. 

34438 62-75-9 
34433 86-30-6 
34428 621-64-7 

1.3 The method detection limit (MDL 
defined in Section 14.1 )(31 for each 
parameter is listed in Table 1. The MDL 
for a specific wastewater may differ 
from those listed, depending upon the 
nature of interferences in the sample 
matrix. 
1.4 Any modification of this method, 
beyond those expressly permitted, 
shall be considered as major 
modifications subject to application 
and approval of alternate test 

proval oaer tes a 
procedures under 40 CFR 1 36.4 and 
136.5. 
1.5 This method is restrictea to use 
by or under the supervision of analysts 
experienced in the use of gas chroma
tography and in the interpretation of 
gas chromatograms. Each analyst must 
demonstrate the ability to generate 
acceptable results with this method 
using the procedure described in 
Section 8.2. 

2. Summary of Method 
2.1 A measured volume uf sample,
 
approximately one liter, is solvent
 
extracted with methylene chloride
 
using a separatory funnel. The
 
methylene chloride extract is washed
 
with dilute HCI to remove free amines, 
dried and concentrated to a volume of 
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10 mL or less. Gas chromatographic 
conditions are described which permit 
the separation and measurement of the 
compounds in the extract after it has 
been exchanged to methanol. 44' 

2.2 The method provides Florisil and 
alumina column cleanup procedures to 
separate diphenylamine from the nitro-
samines and to aid in the elimination of 
interferences that may be encountered. 

3. Interferences 

3.1 Method interferences may be 
caused by contaminants in solvents. 
reagents, glassware, and other sample 
processing hardware that lead to 
discrete artifacts and/or elevated 
baselines in gas chromatograms. All of 
these materials must be routinely 
demonstrated to be free from inter-
ferences under the conditions of the 
analysis by running laboratory reagent 
blanks as described in Section 8.5. 

3. 1. 1 Glassware must be scrupulously 
cleaned15l. Clean all glassware as soon 

as possible after use by rinsing with the 
last solvent used in it. This should be 
followed by detergent washing with 
hot water, and rinses with tap water 
and distilled water. It should then b 

drained dry, and heated in a muffle 
furnace at 400 OC for 15 to 30 
minutes. Some thermally stable 
materials, such as PCBs, may not be 
eliminated by this treatment. Solvent 
rinses with acetone and pesticide 
quality hexane may be substituted for 
the muffle furnace heating. Volumetric 
ware should not be heated in a muffle 
furnace. After drying and cooing, 
glassware should be scaled and stored 
in a clean environment to prevent any 
accumulation of dust or other 
contaminants. Store inverted or capped 
with aluminum foil. 

3.1.2 The use of high purity reagents 
and solvents helps to minimize 
interference problems. Purification of 
solvents by distillation in ail-glass 
systems may be required. 

3.2 Matrix interferences may be 
caused by contaminants that are 
coextracted from the sample. The 
extent of matrix interfeiences will vary 
considerably from source to source, 
depending upon the nature and 
diversity of the industrial complex or 
municipality being sampled. The 
cleanup procedures (Section 11) can 
be used to overcome many of these 
interferences, but unique samples may 
require additionai cleanup approachesachiveDL ileistd 	inTabe 1 
to achieve Cie MDL listed in Table 1. 

3.3 N-Nitrosodiphenylamine is 
reported' 6-9 1to undergo transnitrosation 

reactions. Care must be exercised in 
the heating or concentrating of 
solutions containing this compound in 
the presence of reactive amines. 

3.4 The sensitive and selective 
Thermal Energy Analyzer and the 
reductive Hall detector may be used in 
place of the nitrogen-phosphorus 
detector when interferences are 
encountered. The Thermal Energy 
Analyzer offers the highest selectivity 
of the non-mass spectrometric 

detectors. 
4. Safety 

4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been precisely defined, however, 
each chemical compound should be 
treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must be reduced to the 
lowest possible level by whatever 

means available. The laboratory is 
responsible for maintaining a current 

awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 
sheets should also be made available to 

all personnel involved in 7he chemical 
analysis. Additional references to 
laboratory safety are available and 

have been identified t10 -121 for the 
information of the analyst. 
4.2 	 These nitrosaminos are known 

3cnrcinogensl t - 1 7 1, therefore, utmost 
care must be exercised in the handling 
of these materials. kitrosamine 
reference standards and standard 
solutions should be handled and 
prepared in a ventilated glove box 
within a properly ventilated room. 
5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
or composite sampling, 

5.1.1 Grab sample bottle-Amber 
Class, one-liter or one-quart volume, 
fitted with screw caps lined with 

Teflon. Foil may be substituted for 
Teflon if the samp:e is not corrosive. If 
amber bottles are not available, protect 
samples from light. The container must 

be washed. rinsed with acetone or 
methylene chloride, and dried bofore 
use to minimize contamination. 
5. 1.2 Automatic sampler (optional)-
Must incorporate glass sample 

fontainerpothe collection of a 
contfiner's Sh e co taini- mor 
mum of 250 mL. Sample containersmust be kept refrigerated at 4 0 C rid 
protected from light during compositing. 

If the sampler uses a peristaltic pump, 
a minimum length of compressible 
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silicone rubber tubing may be used. 
Before use, however, the compressible 
tubing should he thoroughly rinsed 
with methanol, followed by repeated 
rinsings with distilled water to minimize 
the potential for contamination of the 
sample. An integrating flow meter is 
required to collect flow proportional 
composites. 

5.2 Glassware (All specifications are 
suggested. Catalog numbersore
 
included for illustration only).
 

5.2.1 Separatory funnel--2000-mL 
and 250-mL. with Teflon stopcock. 

5.2.2 Drying column-Chroma
tographic column approximately 400 
mm long x 19 mm ID with coarse frit. 

5.2.3 Concentrator tube, Kuderna-
Danish- 1 0-mL, graduated (Kontes K
570050-1025 or equivalent). Calibra
tion must be checked at the volumcs 
employed in the test. Ground glass 

stopper is used tc prevent evaporation 
of extracts. 

5.2.4 Evaporative flask, Kuderna-
Danish- 500-mL (Kontes K-570001 
0500 or equivaleit). Attach to 
concentrator tube with springs. 

5.2.5 Snyder column, Kuderna
Danish-three-ball macro (Kontes 
K-503000-0121 or equivalent). 

5.2.6 Snyder column, Kuderna
Danish-two-ball micro (Kontes 
K-569001-021 S or equivalent). 
5.2.7 Vials-Amber glass, 10- to 
15-mL capacity, with 7aflon-lined 
screw cap. 

5.2.8 Chromatographic column-
Pyrex, approximately 400 mm long x 
22 mrm, I, with coarse frited disc at 
bottom and Teflon stopcock (Kontes 
K-420540-0234 or equivalent). for 

use in Florisil column cleanup 
procedure. 

5.2.9 Chromatographic column-
Pyrex, approximately 300 mm long x 
10 mm ID, with coarse fritted disc at 

bottom and Teflon stopcock (Kontes 
K-420560-021 3 or equivalent), for 
use in alumina column cleanup 
procedure. 

5.3 Boiling chips-approximately 
10/40 mesh. Heat to 400 *C for 30 
minutes or Soxhlet extract with 
methylene chloride. 

5.4 Water bath-Heated, with 
concentric ring cover, capable of 
temperature control (:t 2 OC). The bath 
should be used in a hood. 

5.5 Balance-Analytical, capable of 
accurately weighing 0.0001 g.. 



5.6 Gas chromatograph-An 
analytical system complete with gas 
chromatograph suitable for on-column 
injection and all iequired accessories 
including syringes, analytical columns. 
gases, detector, and strip-chart 
recorder. A data system is 
recommended for measuring peak 
areas. 

5.6. 1 Column 1- 1.8 m long x 4 
mm ID Pyrex glass. packed with 
Chromosorb W AW (80/100 mesh) 
coated with 10% Carbowax 20 M/2 % 
KOH or equivalent. This column was 
used to develop the method perlor-
mance statements in Section 14. 

Guidelines for the use of alternate 

column packings are provided in 

Section 12.2. 


5.6.2 Column 2- 1.8 m long x 4 

mm ID. Pyrex glass packed with 

Stpelcoport 1100/120 mesh) coated 

with 10% SP-2250. 


5.6.3 Detector-Nitrogen-
Phosphorus, reductive Hall or Thermal 
Energy Analyzerl' .21. These detectors 
have proven effective in the analysis of 
wastewaters for the parameters listed 
in the scope. A nitrogen-phosphons 
detector was used to develop the 
method performance statements in 
Section 14. Guidelines for the use of 
alternate detectors are provided in 
Section 12.2. 

6. Reagents 

6.1 Reagent water-Reagent water is 
defined as a water in which an inter-
ferent is not observed at the MDL of 
each parameter of interest, 

6.2 Sodium hydroxide solution (10 
N)-(ACS) Dissolve 40g NaOH in 
reagent water and dilute to 100 mL. 

6.3 Sodium thiosulfate -ACS) 
Granular. 

6.4 Sulfuric acid solution (1 + 1)--
(ACS) Slowly, add 50 mL H2SO 4 (sp. 
gr. 1.84) to 50 nuL of reagent water. 

6.5 Sodium sulfate-lACS) Granular, 

anhydrous. Purify by heating at 400 *C 
for 4 hours in a shallow tray. 

6.6 Hydrochloric acid (, +9)-(ACS) 
Add one volume of conc. HCI to nine 
volumes of reagent water. 

6.7 Acetone, methanol, methylene 
chloride and pentne-Pesticide quality
ordvalentnd u or equivalent. 

6.0 Ethyl ether-Nanograde, 
redistilled in glass if necessary. 

6.8. 1 Must be free of peroxides as 
indicated by EM Quant test strips, 

(Test strips are available from Scientific 
Products Co., Catalog No. P1126-8 
and others.) 

6.8.2 Procedures recommended for 
removal of peroxides are provided with 
the test strips. After cleanup, 20 mL 
ethyl alcohol preservative must be 
added to each liter of ether. 

6.9 Florisil-PR grade (60/100 
mesh): purchase activated at 1250 0F 

and store in dark in glass containers 
with qlass stoppers or foil-lined screw 
caps. Before use. activatc each batch 
at least 16 hours at 13C C in a foil 
covered glass container, 
6.10 Alumina-Basic activity Super I, 
W 200 series (ICN Ufa Sciences 
Group. No. 404571). Place 100 g of 

alumina, a3 it comes from the manu-
facturer. into a 500-mL reagent bottle 
and add 2 mL of reagent water. Mix 
the alumina preparation thoroughly by
shaking or rolling for 10 minutes ind 
let it stand for at least two hours. The 
preparation should be homogenous 
belore use. Keep the bottle sealed 
tightly to ensure proper activity. 

6.11 Stock standard solutions (1.00 
Mpg/L) -- Stock standard solutions can 
be prepared from pure standard 
materials or purchased as certified 
solutions. 
6. 17. 1 Prepare stock standard 
solutions by accurately weighing about 
0.0100 grams of pure material. 

Dissolve the material in pesticide 
quality methanol, dilute to volume in a 
10-mL volumetric flask. Larger volumes 
can be used at the convenience of the 

analyst. If compound purity is assayed 
to be 96% or greater, the weight :an 
be used without correcticn to calculate 
the concentration of the stock 

standard. Commercially prepared stock 
standards can be used at any 
concentration if they are certified by 
the manufacturer or by an independent 
source. 
5. 11.2 Transfer the stock standard 

solutions into Teflon-sealed screw-cap 

bottles. Store at 4 OC and protect from 
light. Stock standard solutions should 
be checked frequently for signs of 
degradation or evaporation, especially 
just prior to preparing calibration 
standards from them. Quality control 

check standards that can be used to 
determine the accuracy of calibration 
standards will be available from theU.S. Environmental rrotectiori Agency, 

Environmental Monitoring and Support 
Laboratory, Cincinnati, Oiio 45268. 

6. 11.3 Stock standard solutions 
must be replaced after six months, or 

sooner if comparison with check 
standards indicate a problem. 
7. Calibration 

7.1 Establish gas chromatographic 
operating parameters equivalenit to 
those indicated in Table 1. The gas 
chromatographic system can be 
calibrated using the external standard 
technique (Section 7.2) or the internal 
standad technique (Section 7.3). 

7.2 External standard calibration
 
procedure:
 

7.2. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest by
adding volumes of one or more stock
 
standards to a volumetric flask and
 
diluting to volume with methanol. One
 

of the external standards should be at a 
concentration near, but above, the 
MDL and the other concentrations 
should correspond to the expected 
range of concentrations found in real 
samples or should define the working 
range of the detector 

7.2.2 Using injections of 2 to 5 I4.of 
each calibration standard, tabulate 
peak height or arem responses against 
the mass injected. The results can be 
used to prepar, a calibration curve for 
each compound. Alternatively, if the 
ratio of response to amount inject3d 
(calibratiori factor) is a constant over 
the working range (<10% relative 
standard deviation. RSD), !inearity 
through the origin can be assumed and 
the average ratio or calibration factor 
can be used in place of a calibration 
curve. 

7.2.3 The working calibration curve 
or calibration factor must be verified on 
eacn working day by the measurement 
of one or more calibration standards. If 
the response for any parameter varies 
from the predicted response by more 
than ± 10%, the vest must be repeated 
using a fresh cdlibration standard. 
Alternatively, a new calibration curve 
or calibration factor must be prepared 

7.3 Internal standard calibration 
procedure. To use this approach, the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 
of interest. The analyst must further 

demonstrate that the mtoasurement of 
the internal standard is not affected by 
method or matrix interferences. Because of these limitations, no 

internal standard can be suggested that 
is applicable to all samples. 

7.3. 1 Prepare calibration standards 
at a minimum of three concentrhtion 
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levels for each parameter of interest by 
adding volumes of one or more stock 
standards to a volumetric flask. To 
each calibration standard, add a known 
constant amount of one or more 
internal standards, and dilute to volume 
with methanol. One of the standards 
should be at a concentration near, but 
above, the MDL and the other 
concentrations should correspond to 
the expected range of concentrations 
found in real samples or should define 
the working range of the detector. 

7.3.2 Using injections of 2 to 5 ML of 
each calibration standard, tabulate 
peak height or area responses against 
conceatraticn for each compound and 
internal standard, and calculate 
response factors (RF) for each 
compound using equation 1. 

Eq. 1. RF - (AC,)/IA,1C,) 
where: 

W Response for the parameter to 
be measured. 

A, = Response for the intemal 
standard. 

C,1 - Concentration of the internal 
standard, lijg/L). 

C, , Concentration of the param-
eter to be measured, (;sg/L). 

A s 

If the RF value over the working 
range is a constant (<10% RSD), the 
RF can be assumed to be nonvariant 
and the average RF can be used for 
calculations. Alternatively, the results 
can be used to plot a calibration curvecanlbustio ltaation e rvelt 

of responset ratios, A,/Aj, vs. RF. 

7.3.3 The working calibration curve 
or RF must be verified on each working 
day by the measurement of one or 
more calibration standards. If the 
response for any parameter varies from 
the predicted response by more thani 
t: 10%, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
must b., prepared for that compound. 

7.4 Before using any cleanup 
procedure, the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and the absence of interfer-
ences from the reagents, 
8. Quality Control 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality contol program. The mirimum 
requirements of this program consist of 
an initial demonstration of labrratory 
capability and the analysis o# spiked 
samples as a continuing check on 
performance. The laboratory is required 
to maintain performance records to 
define the quality of data that is 

generated. Ongoing performance 
checks must be compared with 
established performance criteria to 
determine if the results of analyses are 
within accuracy and precision limits 
expected of the method. 

8. 1. 1 Before performing any analyses. 
the analyst must demonstrate the 
ability to generate acceptable accuracy 
and precision with this method. This 
ability is establishod as described in 
Section 8.2. 

8. 1.2 In recognition of the repid 
advances that are occurring in chroma-
tography, the analyst in permitted 
certain options to improve the separa-
tions or lower the co.-' of measurements. 
Each time such modificaitons are made 
to the method, the analyst is required 

to repeat the procedure in Section 8.2. 

8. 1.3 The laboratory must spike and 
analyze a minimum of 10% of all 
samples to monitor continuing laboa-
tory performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and pre-
cision, the analyst must perform the 

following operations. 
8.2. 1 Select a representative spike 
concentration for each compound to be 
measured. Using stock standards, 
eaud.Uigtoktnar, 

prepare a quality control check sampleconcentrate in methanol 1000 times 

cocnrt nmtao 00tms 
more concentrated than the selected 
concentrations. Quality control check 
sample coicentrates, appropriate for 
use with this method, will be ava tab:e 
from the U.S. Environmental Protection 
Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio 
45268. 

8.2.2 Using a pipet, add 1.00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL aliquots 
of reagent water. A representative 
wastewater may be used in place of 
the reagent water, but one or more 
additional aliquots mus! be analyzed to 
determine background levels, and the 
spike level must exueed twice the 
background level for the test to be 
valid. Analyze the aliquots according to 

the method beginning in Section 10. 
8.2.3 Calculate the average percent 
recovery, (R), and the standard davia-
tinn of the percent recovery (s), for the 
results. Wastewater background 
corrections must be made before R and 
s calculations are performed. 

8.2.4 Using Table 2 note the 
average recovery X) and standard 
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deviation (p) expected for each method 
parameter. Compare those to the cal
culated values for R and s. If s > 2p or 
IX -RI > 2p. review potential problem 
areas and repeat the test. 

8.2.5 The U.S. Environmental Pro
tection Agency plans to establish 
performance criteria for R and s based 
upon the results of interlaboratory 
testing. When they become available, 
these criteria must be met before any 
samples may be analyzed. 

8.3 The analyst must calculate 
method performance criteria and define 
the performance of the laboratory for 
each spike concentration and 
parameter being measured. 

8.3. 1 Calculate upper and lower 

control limits for method performance: 

Upper Control Limit (UCL) - R + 33 
Lower Control Limit (LCL) - R - 3s 

where R and s are calculated as in 
Section 8.2.3. The UCL and LCL can 
be used to construct control charts1 1 

that are useful in observing trends in 
performance. he control limits above 
must be replaced by method 
performance criteria as they become 

available from the U.S. Environmental 
Protection Agency. 
8.3.2 The laboratory must develop 
and The larate muracy 

and maintain separate accuracy 
statements of laboratory performancefowatatrsml.Ancury 

for wastewater samples. An accuracy 
statement for the method is defined as 
R ± s. The accuracy statement should 
be developed by the analysis of four 
aliquots of wastewater as described in 
Section 8.2.2. followed by the calcula
tion of R and s. Alternately, the analyst 
may use four wastewater data points 
gathered through the requirement for 
continuing quality control in Section 
8.4. The accuracy statements should 
be updated regularly lsa s 

8.4. The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries. 
The frequency of spiked sample analysis 
must be at least 10% of all sampies or 
one sample per month, whichever is 
greater. One aliquot of the sample must 
be spiked and analyzed as described in 

Section 8.2. If the recovery for a 
particular parameter does not fall 
within the control limits for method 
performance, the results reported for 
that parameter in all samples processed 
as part of the same set must be quali
fled as described in Section 13.3. The 
laboratory should monitor the frequency 
of data so qualified to ensure that it 
remains at or below 5%. 



8.5 Before processing any samples. 
the analyst should demonstrate through 
the analysis of a one-liter aliquot of 
reagent water, that all glassware and 
reagent interferences are under control. 
Each time aset of samples is extracted 
or there is a change in reagents, a 
laboratory reagent blank should be 
processed as a safeguard against 
laboratory contamiration. 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specific practices that are 

most productive depend upon the 
needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precision of 
the sampling technique. When doubt 
exists over the identification of a peak 
on the chromatogram, confirmatory 
techniques such as gas chromatography 
with a dissimilar column, specific 
element detector, or mass spectrometer 
must be used. Whenever possible, the 
laboratory should perform analysis of 
standard reference materials and parti-
cipate in relevant performance 
evaluation studies. 

9. 	 Sample Collection. 
Preservation. 	and Handling 

Grab samples must be collected9.1 
in glass containers. Conventional 
sampling practicesl 9ishould be 
followed, except that the bottle must 
not be prerinsed with sample before 

collection. Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. Automatic 
sampling equipment must be as free as 
possible of Tygon and other potential 
sources of contamination, 

9.2 The samples must be iced or 
refrigerated at 4 iCfrom the time of 

collection until extraction. Fillthe 
ifresidual chlorine ispresent, add 80 


mg of sodium thiosulfate per liter of 
sample.U.S. Environmental Protection 
sAmle.y m10 
Agency methods 330.4 and 330.5 
may be used for measurement of 
residual chlorine201. F.eld test kitu are 
available for this purpose. If diphenylni-
trosamine is to be determined, adjust 
the sample pH to 7 to 10 with sodium 
hydroxide or sulfuric acid. 
9.3 	 All samples must be extracted 
within 7 days and completely analyzed 
within 7 days extractionlt 4 

within 40 days of 

9.4 Nitrosamines are known to be 
light sensitivei 71 . Samples should be 
stored in amber or foil-wrapped bottles 
in order to minimize photolytic 
decomposition. 

10. 	 Sample Extraction 

10.1 Mark the water meniscus on the 
side of the sample oottle for later deter-
mination of sample volume. Pour the 
entire sample into a two-liter separatory 
funnel. Check the pH of the sample 
with wide-range pH paper nd adjust to 
within the range of 5 to 9 with sodium 
hydroxide or sulfuric acid. 

10.2 Add 60 ml. methylene chloride 
to the sample bottle, seal. and shake 
30 seconds to rinse the inner surface. 
Transfer the solvent to the separatory 
funnel and extract the sample by 
shaking the funnel for two minutes 

with periodic venting to release exce3s 
pressure. Allow the organic layer to 
separate from the water phase for a 
minimum of 10 minutes. If the emulsion 
interface between layers is more than 
one-third the volume of the solvent 
layer, the analyst must employ me-
chanical techniques to complete the 
phase separation. The optimum tech-
nique depends upon the sample, but 
may include stirring, filtration of the 
emulsion through glass wool. centrifu-
gation, or other physical methods. 

Collect the methylene chloride extract 
in a 250-mL Erlenmeyer flask. 

10.3 Add a second 60-mL volume of 

methylene chloride to the sample bottle 
and reoeat the extraction procedure a 

second time, combining the extracts in 
the Erlenmeyer flask. Perform a third 

extroction in the same manner. 
10.4 Assemble a Kuderna-Danish 
IK-D) concentrator by attaching a 
10-mL concentator tube to a 500-mL 
evaporative flask. Othe. concentration 
devices or techniques may be used in 
place of the K-D if the requirements of 

Section 8.2 are e 
10.5 Add 10 mL of HCI (1 + 1) 
solution to the combined extracts and 
shake for two minutes. Allow the layers 

to separate. Transfer the combined 
extract to a drying column containing 

cm of anhydrous sodium sulfate 
and collect it in the K-D concentrator, 
RisthEremyrfakndcln
Rinse the Erlemeyr flask and column 
with 20 to 30 mL of methylene chloride 
to complete the quantitative transfer. 
10.6 Add one or ,woclean boiling 
chips to the evaporative flask and 
attach a three-ball Snyder column. 
Prewet the Snyder column by adding 
about 1 nL methylene chloride to the 
top. Place the K-D apparatus on ahot 

water bath (60 to 65 °C) so that the 
concentrator tube is partially immersed 
in the hot water, and the entire lower 
rounded surface of the flask is bathed 
with hot vapor. Adjust the vertical 

position of the apparatus and the water 
temperature as required to complete 
the concentration in 15 to 20 minutes. 
At the proper rate ol distillation the 
balls of the column will actively chatter 
but the chambers will not flood with 
condensed solvent. When the apparent 
volume of liquid reaches 1 mL,remove 
the K-D apparatus and allcw it to drain 
and cool for at least 10 minutes. 
Remove the Snyder column and rinse 
the flask and its lower joint into the 

concentrator tube with 1 to 2 mL of 

methylene chloride. A 5-mL syringe is 
recommended for this operation. 
Stopper the concentrator tube and 

store refrigerated if further processing 

will not be performed immediately. If 
the extracts will be stored longer than 
two days, they should be transferred to 
Teflon-sealed screw-cap bottles. 

10.7 If N.nitrosodiphenylamine is to 
be measured by gas chromatography, 
the analyst must first use Acleanup 
column to eliminate diphenylamine 
interference (Section 11). If N-nitroso
diphenylamine is of no interest, the 
analyst may proceed directly with gas 
chromatographic analysis fSection 12). 

10.8 Determine the original sample 
volume by refilling the sample bottle to 

the mark with water and measure it in 

a 1000-mL graduated cylinder. Record 
the sample volume to the nearest 5 mL. 

11. 	Cleanup and Separation 

11.1 Cleanup procedures may not be 
necessary for a relatively clean s&,mple 
matrix. The cleanup procedures recom
mended in this method have been used 
for the analysis of various clean waters
 

and industrial effluents. Ifparticular
 
circumstances demand the use of an 
alternative cleanup procedure. the 
analyst must determine the elution 
profile and demonstrate that the 
recovery of each compound of interest 
is no less than 85%. Diphenylamine. if 

present in the original sample extract 
must be seporate from the nitros
amines if N-nitrosodiphenylamine is to 
be determined by this method. 

11.2 If the entire extract is to be 
cleaned up by one of the following 
procedures, it must be concentrated to 
2.0 mL. To the concentrator tube in 
Section 10.6, add a clean boiling chip 
and attach a two-ball micro-Snyder 
column. Prewet the column by adding 
about 0.5 mL of methylene chloride to 
the top. Place the K-D apparatus on a 
hot water bath (60 to 65 *C1 so that 
the concentrator tube is partially 
immersed in the hot water. Adjust the 
vertical position of the apparatus and 
the water temperature as required to 
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complete the concentration in 5 to 10 
minutes. At the proper rate of distilla-
tion the balls of the column will 
actively chatter but the chambers will 
not flood. When the apparent volume 
uf liquid reaches about 0.5 mL. remove 
the K-D apparatus from the hot water 
bath and allow it to drain for at least 

10 minutes whil, cooling. Remove the 
micro-Snvder column and rinse its 
lower joint into the ccncentrator tube 
with 0.2 mL of methylene chloride. 
Adjust the final volume to 2.0 mL and 
proceed with one of the following 
cleanup procedures. 

11.3 Florisil colu, :n cleanup for 

nitrosamines: 


11.3. 1 Place 22 g of activited 
Florisil in a 22 mm ID chromatographic 
column. After settling the Florisil by 
tapping the column, add about a 5-mm 
layer of anhydrous granular sodium 
sulfate to the top. .. 

71.3.2 Preelute the column, after 

coiling, with 40 mL of ethyl ether/ 

pentane (15 + 85)MV/V). Discard the 
eluate and just prior to exposure of the 
sodium sulfate layer to air. quantita-
tively transfer a 2.0 mL aliquot of the 
sample extract into the column by 
decantation using an additional 2 mL of 
pentane to complete the transfer. 

11.3.3 Perform the first eluition with 
90 mL of ethyl ether/pentane (15 + 
85)IV/V) and discard the eluate. This 
fraction will contain the diphenylamine, 
if it is present in the extract. 

1w.3.4 Perform the second elution 
with 100 mL of acetone/ethyl etherI 
+ 95)(V/V) and collect the eluate in a 
5O0-mL K-D flask equipped with a 
10-mL concentrator tube. This fraction 
will contain all of the nitrosamines 
listed in the scope of the method. 

7 .3.5 Add 15 mL of methanol to 
the collected eluate and concentrate as 
in Section 10.6 at 70 to 7 5 C. usinlg 
pentane for the diluting and rinsing 
solvent. 

11.3.6 Analyze by gas 
chromatography, 

11.4 Alumina column cleanup for 
nitrosamines: 

p . 1n Plo a 10 mmof thuma 
geraicolun ntap 0tmI coumto 
graphic column and tap the colum o
settle the alumina. Add 1 to 2 nto 

anhydrous sodium sulfate to tha top of 
the alumina. 

11.4.2 Preel-te the column with 10 
mL of ethyl etherlpentane 13 + 7)(VIV). 
Discard the eluate (about 2 mL) and. 

just prior to exposure of the sodium 
sulfate layer to air, transfer a 2.0 mL 
aliquot of the sample extract onto the 
column by decantation using an addi-
tional 2 mL of pentane to complete the 
transfer. 

11.4.3 Just prior to exposure of the
I 

sodium sulfate layer to the air, add 70 
mL of ethyl ether/pentane (3 + 7)V/V). 
Discard the first 10 mL of eluate. 
Collect the remainder of the eluate in a 
500-mL K-D flask equipped with a 
1 0-mL concentrator tube. This fraction 
contains N-nitrosodiphenylamine and 
probably a small amount of N-nitrosodi-
n-propylamine. 
1 1.4.4 Next elute the column with 

60 mL of ethyl ether/pentane (1 + 1) 
(V/V), collecting the eluate in a second 
K-D flask equipped with a 10-mL 
concentrator tube. Add 15 mL of 
methyl alcohol to the K-D flask. This 
fraction will contain N-nitrosodimethyl-
ami;Te,. most of tne N-nitrosodi-n-
propylamine and any diphenylamine 
that is presant. 

11.4.5 Concentrate both fractions as 
in Section 10.6 using pentane as the 
diluting and rinsing solvent. 
11.4.6 An-ly:ee the fractions by gas 
chromatography. 

12. Gas Chromatography 

12.1 N-nitrosodiphenylamine com-
pletely reacts to form diphenylamine at 
the normal operating temperatures of a 
GC injoction port (200 to 250 0C. 

Thus, N-nitrosodiphenylamine is 
chromatographed and detected as 
diphenylamine. Accurate determination 
depends on removal of diphenylamine 
that may be present in the original 
extract prior to GC (See Section 11). 

12.2 Table 1 summarizes the 
recommended operating conditions for 
the gas chromatograph. This Table 
includes retention times and MDL that 
were obtained under these conditions. 
Examples of the parameter separations 
achieved by these columns are shown 

in Figures 1 and 2. Other packed 
columns. chromatographic conditions, 
of detectors may be used if the 
requirements of Section 8.2 are met. 
Capillary (open-tubular) columns may 

also be used if the relative standarddeviations of responses for replicate 
injections are demonstrated to be less 
than 6% and the requirements of 
Stin.2aem. 
Section 8.2 are met. 

12.3 Calibrate the system daily as 

described in Section 7. 

12.4 If the extract has not been 
submitted to one of the cleanup 

procedures in Section 1 1. it is 
necessary to exchange the qolvent 
from methylene chloride to methiyl 
alcohol before the thermionic detector 
can he used. To a 1- 10 mL volume of 
methylene chloride extract in a concen
trator tube. add 2 mL methyl alcohol,
ato t ad 2 ci meth ao

and a clean boiling chip. Attach a two
ball micro-Snyder column. Prewet the 
column by adding about 0. 5 mL 
methylene chloride through the top. 
Place the K.D apparatus on a boiling 
water bath so that the concentrator 
tube is p~artially immersed in the hot 
water. Adjust !he vertical position and 
insulate the opparatus as necessary to 
ccmplete the concentration in 5 to 10 
minutes. At the proper rate of distilla

tion the balls of the column will 
actively chatter but the chambers will 
not flood. When the apparent volume 
of liquid reaches about 0. 5 mL, remove 
the K-D and allow it to drain for at least 
10 minutes while cooling. Remove the 
micro-Snyder column and rinse its 
lower joint into the concentrator tube 
with 0.2 mL of methyl alcohol. Adjust 
the final volume to 2.0 mL. 
12.5 if the internal standard 
approach is being used, add the 
internai standard to sample the extrict 
and mix thoroughly, immediately 
before injection into the instrument. 

12.6 Inject 2 to 5 AL of the sample
extract using the solvent-flush 
technique(21). Smaller (1.0 ;Ll volumes 
can be injected if automatic devices are 
employed. Record the volume injected 
to the nearest 0.05 IAL. and the 

resulting poak size in area or peak 
height units. 

12.7 The width of the retention time 
window used to make identifications 
should be based upon measurements 
of actual retention time variations of 
standards ever the course of a day. 
Three times the standard deviation of a 
retention time for a compound ran be 
used to calculate a suggested window 
size; however, the experience of the 
analyst should weigh heavily in the 
interpretation of chromatograms. 

12.8 If the response exceeds the 
working range of the system, dilute the 
extract and reanalyze. 

12.9 If the measurement of the peak 

response is prevented by the presenceof interferences, further cleanup is 
required.
13. Calculations 

13.1 Determine the concentration of 

individual compounds in the sample. 

13. 7. 1 If the external standard 
calibration procedure is used, calculate 
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the amount of material in!'cted from 
the peak response using the calibration 
curve or calibration factor in Section 
7.2.2. The concentration in the samp;e 
can be calculated f.om equation 2: 

(A)IV,)
Eq. 2. Concentration, g/L = (V)(V) 

where: 
A = Amount of material injected, in 

nanograms. 
V = Volume of extract injected 

(ML). 
V, = Volume of total extract (ML). 
Vs = Volume of water extracted 

(mLl. 

13.1.2 If the internal standard cali-
bration procedure was used. uclculate 

the concentration in the sample using 

the response factor (RF) determined in 

Section 7.3.2 and equaion 3. 
SiCompounds." Journal of Chromatog-

Eq. 3 
(A,)( . 

Concentration, pglL = (A,,)(RF)(Vo) 

where: 
Response for the parameter toAs = 
be measured. 

A, = 	 Response for the internal 
standard. 

Is = 	 Amount of internal standard 
added to each extract (fig). 
Volume of water extracted, in= 
liters. 

Vo 

13.2 Report results in micrograms 
per liter without ccrrection for recoverydataandspikdWhe dupicat 
data. When duplicate and spiked 

obtained with the sample results, 

13.3 For samples processed as part 
of a set where the laboratory spiked 
sample recovery falls outside of the 
control limits in Section 8.3, data for 
the affected parameters must be 
labeled as suspect. 

14. 	 Method Performance 

14.1 The method detection limit 
(MDL) is defined as the minimum 
concentration of a substance that can 
be measured and reported with 99% 
confidence that the value is above 
zerol 31 . The MDL concentrations listed 
in Table 1 were obtained using reagent 
wate1 221 . Similar results were achieved 
using representative wastewaters. 

14.2 This method has been tested 
for linearity of analyte recovery from 
reagent water and has been 
demonstrated to be applicable over the 

x MDL tocorcentration range from 4 
1000 x MDLI 22 1. 

14.3 In ,asingle laboratory (South-
west Research Institute). using spiked 
wastewater samples, the average 

recoveries presented in Table 2 were 
obtained 4 . Each spiked sample was 
analyzed in triplicate on two separate 
days. The standard deviation of the 
percent recovery is also included in 
Table 2. 

14.4 	 The U.S. Environmental Protec-

tion Agency is in the process of 
conducting ar interlaboratory method 
study to fully define the performance 
of tho, rroethod. 
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Table 1. Chromatographic Conditions and Method Detection Limits 

Retention Time Method 
min.) Dotection Limit 

Parameter Column I Column 2 1,/L 

N.Nitrosodimethylamine 4. 1 0.88 0. 15 
N-Nirfosodi-n-propv/amine 12. 1 4.2 0.46 
,N .'!:r-sndidphenylamined 2.8b 6.4c 0.81 

Column I conditions: Chromosorb W A W (80/100 mesh) coated with 10% Carbo
wax 20 M2 % KOH packed in a . 8 m long x 4 mm ID glass column with helium 
carrier gas at a flow rate of 40 mL/min. column temperature Isothermal, at, 
I 10 °C, except as otherwise indicated. 

Column 2 conditions: Supelcoport 100/120 mesh) coated with 10% SP-2250 
packed in a i. 8 m long x 4 mm .D glass column with helium carrier gasat a flow 
rate of 40 mL/min. column temperature, Isothermal at 120 OC, except as other
wise indicated. 

dMeasured as diphen ylamine 
bDetermined isothermally at 220 0C. 
cDeterminedisothermally at 2 10 *C. 

Table 2. Single Operator Accuracy and Precision 

Average Standard Spike Number 
Percent Deviation Range of Matrix 

Parameter Recovery % (Vg/L) Analyses Types 

N-Nitrosodimethylamine 32 3. 7 0.8 29 5 
N-Nitrosodiphenylamine 79 7. 1 1.2 29 5 
N-Nitrosodi-n-propylamine 61 4.2 9.0 29 5 
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Column" 10% Carbovex 20M + 2% KOH on 
Column. 10% Carhowex 20M + 2% 

Chromosorb W.AWKOH on Chromosorb W.A W 
Temperature: 2200 C.Temperature: 7700 
Detector: Phosphorus/NitrogenDetector: Phosphorus/Nitrogen 

S 

"
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, 
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Retention time. minutes 0 2 4 
 6 8 10 12 14 16 18 

Figure 1. 	 Gas chromtogrm of Retention time, minutes
 
nitrosamine$.
 

Figure2. 	 Gas chrometogram of N-nitrosodiphnylamine 

as diphenylamine. 
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rEPA 


United States 
Environmental Protection 
Agency 

Research and Development 

Test-Method
 

Environmental Monitoring and 
Support Laburatory 
Cincinnati OH 45,68 

Organochlorine Pesticides 
and PCBs - Method 608 

1. Scope and Application 

1.1 This method coverw the 
determination of certain organochlorine 
pesticides and PCBs. The following 
parameters can be determined by this 
method: 

Parameter 

Aldrin 
a-BHC 
P-BHC 
d-BHC 
Y.BHC 
Chlordane 
4,4'-DDD 
4.4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan it 
Endosulf an sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Toxaphene 
PCO-1016 
PCB-1221 

PCB-1232 

PCB- 1242 
PCB-1248 

PCB-1254 

PCB-1260 


STORET No. CAS No. 

39330 309-00-2 
39337 319-84-6 
39338 319-85-7 
34259 319-86-8 
39340 58-89-9 
39350 57-74-9 
39310 72-54-8 
39320 72-55-9 
39300 50-29-3 
39380 60-57-1 
34361 959-98-8 
34356 33212-65-9 
34351 1031-07-8 
39390 72-20-8 
34366 7421-93-4 
39410 76-44-8 
39420 1024-57-3 
39400 8001-35-2 
34671 12674-11-2 
39488 11104-28-2
 
39492 11141-16-5
 
39496 53469-21-9 
39500 12672-29-6
 
39504 11097-69-1
 
39508 11096-82-5
 

1.2 This is a gas chromatographic one additional qualitative technique. 
(GC) method applicable to the determi- This method describes analytical 
nation of the compounds listed above conditions for a second gas 
in municipal and industrial discharges chromatographic column that can be 
as provided under 40 CFR 136.1. ueed to confirm measurements made 
When this method is used to analyze with the primary column. Method 625 
unfamiliar samples for any or all of the provides gas chromatograph/mass 
compounds above, compound identifi- spectrometer (GC/MS) conditions 
cations should be supported by at least appropriate for the qualitative and 
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quantitative confirmation of results for 
all of !he parameters listed above, 
using the extract produced by this 
method. 

1.3 The me od detection limit (MDL. 
defined in Section 14.1 )11for each 
parameter is listed in Table 1. The MDL 
for a specific wastewater may differ 

from those listed, dooending upon the 
nature of interferences in the sample 
matrix 

1.4 The sample extraction and 
concentration steps in this method are 
essentially the same as in methods606.ni609. 6a1 a Sin. thosa 
606,609, 611 and 512.Thus.a 

single sample may be extract3d to 
measure the parameters included in the 
scope of each of ttese methods. When 
cleanup is
mquired,the concentration 
levels must be hgh enough to permit 
selection of aliquots as necessary to 
apply appropriate cleanup procedures. 
The analyst isallowed the latitude to 

select gas chromatographic conditiont 
appropriate for the simultaneous 

tneacurement of combinatiors of these 

parameters. 

1.5 Any modification of this method,beyond those expressly permitted, 
shall be considered as major 
modifications subject to application 
and approval of alternate test 
procedures under 40 CFR 1 36.4 and 
1 36.5. 

1.6 This method is restricted to use 
by or under the supervi.ion ,-fanalysts 
experienced in the use of gas chrome-
tography and in the interpretation of 
gas chromatograms. Each analyst must 
demonstrate the ability to generate 
acceptable results with this methodusing the orocedure described in 
Section 8.2. 

2. Summary of Method 

2.1 A measured volume of sample, 
approximately one-liter, is solvent 
extracted with methylene chloride 
using a separatory funnel. The 
methylene chloride extract is dried and 
exchanged to hexarie, during 
concentration to a final volume of 10 
mL or less. Gas chromatographic 
conditions are described which permit 
the separation and measurement of the 
parameters in the extract by electron 
capture GCI2). 

2.2 The method provides a Florisil 
column procedure and elemental sulfur 
removal procedure to aid in the 
elimination of interferences that may 
be encountered. 

3. Interferences 
3.1 Method interferences may be 
caused by contaminants in solvents, 
reagents, glassware, and other sample
reagnts glsswre,nd the saple 
processing hardware that lead to 
discrete artifacts and/or elevated 
baselines in gas chromatograms. All of 
these materials must be routinely 


to be free from inter--demonstrated 
ferences under the conditions of the 
analysiJ by running laboratory reagent 
blanks as described in Section 8.5. 
3. 1. 1 Glassware must be 

cleanedl3l. Clean al' glassware as soon 

at possible after use by rinsing with the
last solvent used in it. This should be 
followed by detergentwashing with 
hot water, and rinses with tap water 
and distilled water. It should then be 
drained dry and hu'atad in a muffle 
furnace at 400 C for 15 to 30 
minutes. jone thermally stable 
materials, such as PCBs, may not be 
eliminated by this treatment. Solvent 
rinses with acetone and pesticide 
quality hexane may be substituted for 
the muffle furnace heating. Thorough 
rinsing with such solvents usually 

elminates PCB interference. Volumetric 
ware should not be heated in a muffle 
furnace. After drying and cooling, 
glassware should be sealed and stored 
in a clean environment to prevent any 
accumulation of dust or other 
contaminants. Store inverted of capped
with aluminum foil. 

3.1.2 The use of high purity reagents 

and solvents helps to ninimize 
interference problems. Purification of 
solvents by distillation in all-glass 

systems may be required. 

3.2 Interferences by phthalate esters 
capoeamjrrblmipstidcan pose a major problem in pesticide 
analysis when using the elution capture
detector. These compounds generally 
appear in the chromatogram as large 
eluting peaks, especially in the 15 and 
50% fractions from Florisil. Common 
flexible plastics contain varying 
amounts of phthalates. These phtha-
lates are easily extracted or leached 
from such materials during laboratory 
operations. Cross contamination of 
clean glassware routinely occurs when 
plastics are handled during extraction 
steps, especially when solvent wetted 
surfaces are handled. Interferences 
from phthalates can best be minimized 
by &voiding the use of plastics in the 
laboratory. Exhaus,..ve cleanup of 
reagents and glaisware may be 
required to eliminate background 
phthalate contaminationl4.5 ). The 
interferences from phthalate esters can 
be avoided by using a microcoulometric 
or electrolytic conductivity detector. 

3.3 Matrix interferences may be 
caused by contaminants that are 
coextrac'-d from the sample. The 
extent of matrix interferences will vary
considerably from source to source. 

denin upon t nure and 
depending upon the nature and 
diversity of the industrial complex or 

municipality being sampled.The 
can 

be used to overcome many of these 
interferences, but unique samples may 
require additional cleanup approaches 

cleanup procedures in Section 11 

to achieve the MDL listed in Table 1.4. Safetytcrupulously 

4.1 The toxicity or carcinogenicity of
each reagent used in this method has 
not been precisely defined: however. 
earh chemical compound should be 
treated as a potential health hazard.
 

From this viewpoint, exposure to these
chemicals must be reduced to the 
lowest possible level by whatever 
means available.The laboratory is
 

responsible for maintaining a current 
of OSHA regulations
awareness file 


regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 

sheets should also be made available to 
all personnel involved in the chemical 
analysis. Adcitional references to 
laboratory safety are available and 
have been identifiedl6-81 for the 
information of the analyst. 

4.2 The following parameters 
c avd by this method have been 

sutpected human or mammalian
 
sarcinoe n or mammalian 
BHCs,and the PC. Primary
 
standards of these toxic compounds
 
should be prepared in a hood. 

5. Apparatus and Materials 

5.1 Sampling equipment. for discrete 
ortomposite sampling. 
5. 1.7 Grab sample bottle-Amber 
glass, one-liter or one-quart volume, 
fitted with screw caps lined with 
Teflon. Foil may be substituted for 
Teflon if the sample is not corrosive. If 
amber bottles are not available, protect 
samples fron light. The container must 
be washed, rinsed with acetone or 
qithylene chloride, and dried before 
use to minimize contamination.
 

5.1.2 Automatic sampler (optional)-
Must incorporate glass sample 
containers for the collection of a mini
mum of 250 mL. Sample containers 
must be kept refrigerated at 4 OC and 
protected from light during compositing. 
If the sampler uses a peristaltic pump, 
a minimum length of compressible 
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silicone rubber tubing may be used. 
Before use, however, the compressible 
tubing should be thoroughly rinsed 
with methanol, followed by repeated 
rinsings with distilled water to minimize 
the potential for contamination of the 

sample. An integrating flow meter is 
required to collect flow prnportional 
composites, 

5.2 Glassware IAll specifications are 
suggested. Catalog numbers are 

incded for illustration only). 

5.2.1 Separatory funnel-2000-mL, 
with Teflon stopcock. 

5.2.2 Drying column-Chroma-
tographic column approximately 400 
mm long x 19 mm ID. with coarse frit. 

SP-2250/1.95% SP-2401 on 
Supelcoport (100/120 mesh) or 
equivalent. Column 1 was used to 
develop the method performance 
statements in Section 14. Guidelines 
for the use of alternate column 

packings are provided in Section 12.1. 
5.6.2 Column 2- 1. m long x 4 
mm ID glass, packedackd withwih 3%3 OV-1 ononmmI glss. OV-

Supelcoport (I 00/120 mesh) or 
equivalent, 

5.6.3 Detector-Electron capture. 

This detector has provsn effective in 
the analysis of wastewaters for the 
parameters listed in the scope, and 
was used to develop the method 
performance statements in Section 14. 
Guidelines for the use of alternate 

5.2. Chrmatgr jhiccolun--theydetectors are povided in Section 12.1.
5.2.3 Chromatogrphic column-

x 22 mm ID. 6. ReagentsPyrex, 400 mm lorg 
with coarse fritted plate and Teflon 

stopcock (Kontes K-42054 or 6.1 Reagent water-Reagent water is 

equivalent). . defined as a water in which an inter-
ferent is not observed ar the MDL of 
each parameter of interest,Concentrator tube. Kuderna-5.2.4 10-mL. graduated (Konts K-bchcefruetyorsgsfDanish-i 

570050-1025 or equivalent). Calibra-
tion must be checked at the volums 
employed in the test. Ground glass 
stopper is used to prevent evaporation
soetracts.usn 
of extracts. 
5.2.5 Evaporative flask, Kuderna-
Danish- 500-mL (Kontes K-570001 
0500 or equivalent). Attach to 
concentrator tube with springs. 

5.2.6 Snyder column. Kuderna-
Danishn-dthree-b allco Kna-
K-503000-1 21 rouivant). 
K-503000-0121 or equivalent), 

5.2.7 Vials-Amber glass, 10- to 
15-mL capacity, with Teflon-lined 
screw cap. 

5.3 Boiling chips-approximately 
10/40 mesh. Heat to 400 *C for 30 
minutes or Soxhlet extract with 
methylene chloride. 

5.4 Water bath-Heated, with 
concentric ring cover, capab~e of 

temperature control I ± 2 OC). The bath 

should be used in a hood. 
5.5 Balance-Analytical, capable of 

accurattily weighing 0.0001 g. 

5.6 Gas chromatograph-An 
analytical system complete with gas 
chromatograph suitable for on-column 

naytialincudig snngs, oluns,injection and all required accessories 
including syringes, analytical columns, 
gases, detector, and strip-chart 
recorder. A data system is 
recommended for measuring peak 
areas, 

- x 

mm ID glass, packed with 1.5% 

5.6. ., 	 Conijmn 1 1.8 m long 4 

6.2 Sodium hydroxide solution (10 

N)- (ACS). Dissolve 40g NaOH in 
reagent water and dilute to 100 mL. 

6standards
6.3 Sodium thiosulfate-(ACS). 
Granular. 
6.4 	 Sulfuric acid solution (i + 1)-

Slowly, add 50 mL H2S04 (SP 
r. So 50 mL H (s. 

2.5Acetone. hexane, isooctane 
(2,2.4-trimethylpentane), methylene
chloride-Pesticide quality or 
equivalent, 

6.6 Ethyl ether-Pesticide quality or 
equivalent. redistilled in glass if 
necessary. 

6.6. 1 Must be free of peroxides as 
indicated by EM Laboratories Quant 
test strips (Available from Scientific 
Products Co., Cat. No. P1126-8, and 

others suppliers.) 
6.6.2 	 Procedures recommended for 

removal of peroxides are provided with 

the test strips. After cleanup, 20 mL 
ethyl alcohol preservative must beadded to each liter of ether. 

de teahleroehr.7.2. 
6.7 Sodium sulfate-(ACS) Granular, 
anhydrous. Purify by heating at 400 OC 
for 4 hours in a shallow tray. 

mes);purchase activated at 1250 0F6.8 Florisi-PR grade (60/100 
mesh): purof 
and store in dark in glass containers 
with glass stoppers or foil-lined screw 
caps. Before use, activate each batch 
at least 16 hours at 130 OC in a foilcovered glass container,.ag 

6.9 Mercury-Triple distilled. 
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6.10 	 Copper powder-Activated. 
6.11 Stock standard solutions (.00 
6g1.11- Stock standard solutions can 
be Sto standard 
be prepared from pure standard 
materials or purchased as certified 

6. 11. 1 Prepare stock standard 
solutions by*accurately weighing about0.0100 grams of pure material. 
Dissolve the material in isooctan. 
dilute to volume in a 10-ml 	volumetric 

flask. Larger volumes can be 'sed at 

the convenience of the analyst. If 
compound purity is certified at 96% or 
greater, the weight can be used 
without correction to calculate the 
concentration of the stock standard. 
Commercially prepared stock standards 

can be used at any concentration if&re certified by the manufacturer 
or by an independent source. 

6.11.2 Transfer the stock standard 
solutions into Teflon-sealed screw-cap 
bottles. Store at 4 °C and protect from 
light. Stock standard solutions should 

bechecked frequently for signs of 

degradation or evaporation, especially 
just prior to preparing calibration 

from them. Quality control 
check standards that can be used to 
determine the accuracy of calibration 
standards will be available from the 

Environmental Protection Agency. 
Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio 45268. 

.UACS). 

6.11.3 Stock standard solutions
 
must be replaced after six months, or
 
sooner if comparison with check 
standards indicate a problem. 

7. Calibration 
7.1 Establish gas chrcmatographic 

operating parameters which produce 
retention times equivalent to those 
indicated in Table 1. The gas 
chromatographic system may be 
calibrated using the external standard 
technique (Section 7.2) or the intemal 
standard technique (Section 7.31. 

7.2 External standard calibration
 
procedure: airto tnad
72 rpr 

1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest by 
adding volumes of one or more stock 
standardti to a volumetric flask anddiluting to volume with isooctane. One
dtng to volumetricak an 

the external standards should be at a 
concentration near, but above, the 
MDL and the other concentrations 
should correspond to the expected 

on nrafcn~nrainrange of concentrations found in real 

samples or should define the working 
range of the detector. 

http:container,.ag
http:SP-2250/1.95


7.2.2 Using injections of 2 to 5 jAL of 
each calibration standard, tabulate 
peak height or area responses against 
the mass injected. The results can be 
used to prepare a calibration curve for 
each compound. Alternatively, if the 
ratio of response to amount injected 
Icalibration factor) is a constant overthe working range (<10% relative 
standard deviation. RSD) linearity 
through the origin can be assumed and 

the average ratio or calibration factor 
can be used in place of a calibration 
curve, 

7o2.r Thewrkin curevedcalibration o 
or calibradon factor must be verified on 
each working day by the measurement 
of one or more calibration standards. Ifof ~onse forealrat snars 
the pesponsefor any parameter varies 
from the predicted response by more
than ± 10%. the test must be repeated 

using a fresh calibration standard. 
Alternatively, a new calibration curve. 
or calibration factor must be prepared. 
for that compound. 

7.3 Internal standard calibration 
procedure. To use this approach, the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 
of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected by 
method or matrix interferences, 
Because of these limitations, no 
internal standard can be suggested that 
is applicable to all samples. 

7.3. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest by 
adding volumes of one or more stock 
standards to a volumetric flask. To 
each calibration standard, add a known constant amount of one or more 
internal standards, and dilute to volume 
with isooctane. One of the standards 
should be at a concentration ear, but 

above, the MDL and the other concen-
trations should correspond to the 
expected range of concentrations 
found in real samples or should define 
the working range of the detector. 

7.3.2 Using injections of 2 to 5 wL of 
each calibration standard, tabulate 
peak height or area responses against 
concentration for each compound and 
internal standard, and calculate 
response factors IRF) for each 
compound using equation 1. 

Eq. 1. RF = (AC,)/(A,C,) 
where: 

As = Response for the parameter to 
be measured. 

A, = Response for the internal 
standard. 

C,5 = Concentration of the internal 
standard, lpgILl. 

C, = Concentration of the param-
eter to be measured, (pg/L). 

If the RF value over the working 
range is a constant (<10% RSa) the 
RF can be assumed to be invariant andthe average RF can be used for 
calculations. Alternatively, the results 
can be used to plot a calibration curve 

of response ratios, A,/Ai, vs. RF. 
7.3.3 The working calibration curve 
or RF must be verified on each working 
day by the measurement of one or 
more caiibration standards. If the 
response for any parameter varies from 
the predicted response by more than 
± 10%, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
must be prepaied for that compound. 

7.4 The cleanup procedure in Section 
11 utilizes Florisil chromatography. 
Florisil from different batches or 
sources may vary in absorptive
capacity. To standardize the amount of 
Florisil which is used, the use of lauric 
acid value1 9) is suggested. The refer-
enced procedure determines the 
adsorption from hexane solution of 
lauric acid 1mg) per gram Florisil. The 
amount of Florisil to be used for each 
column is calculated by dividing this 
factor into 110 and multiplying by 20 

gI
7.r Before using any cthe 

procedure, the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and the absence of interfer-
ences from the reagents. 
8. Quality Control 
3.1 Each laboratory that uses this 
method is required to operate a formal 
-,iality control program.lTle minimum 

aequirements of this program consist of 
an initial demonstration of laboratory 

capability and the analysis of spiked 
samples as acontinuing check on 
performanze. The Idboratory is required
to maintain performance resords to 
define the quality of data that is 
generated. Ongoing performance 
checks must be compared with 
established performance Jaiteria to 
determine if the results of analyses are 
within accuracy and precision limits 
expected of the method. 

8. 1. 1 Before performing any analyses, 
the analyst must demonstrate the 
ability to generte acceptable mccuracy 
and precision with this method. This 

ability is established as described in 
Section 8.2. 
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8. 1.2 In recognition of the rapid 
advances that are occurring in chroma
tography, the analyst is permitted 
certain options to improve the separa
tions or lower the cost of measurements. 
Each time such modifications are made 
to the method, the analyst is required 
to repeat the procedure in Section 8.2. 

8. 1.3 The laboratory must spike and 
analyze a minimrm of 10% of all 
samples to monitor continuing labora
tory performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and pre
cision. the anulyst must perform the 
following operations. 
8.2. 1 Select arepresentative spike 
concentration for each compound to be 
measured. Using stock standards, 
maue.Uigsoksadrs 
prepare a quality control check sample 
concentrate in acetone 1000 times 
more concentrated than the selectcd 
concentrations. Quality control chock 
sample concentrates, appropriate for 
use with this method, will be available 
from the U.S. Environmental Protection 
Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio 
45268. 
8.2.2 Using a pipet, add 1.00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL aliquots 
of reagent water. A representative 

twastewater may be used in place of 
reagent water, but on or moreadditional aliquots must be znalyzed to 

determine background levels, and the 
spike level must exceed twice the 
background level for the test to be 
valid. Analyze the aliqjots according to 
the method beginning in Section 10. 
8.2.3 Calculate the average percent 
rmcovery, IR!, and the standard devia
tion of the percent recovery (s), for the 
results. Wastewater background cor
rections must be made before Rand s 
calculations are performed. 

8.2.4 Using Table 2. note the 
average recove'y iX) and standard 
deviation (pi expected for each method 
parameter. Compare these to the cal
culatod values for R and s. If s > 2 p or 
IX- RI > 2p, review potential problem 
areas and repeat the test. 

8.2.5 The U.S. Environmental Pro
tection Agency plans to establish 
performance criteria for R and s based 
upon the results of interlaboratory 
these criteria must be met before any 
samples may be analyzed. 

8.3 The analyst must calculate 
method performance criteria and define 



the performance of the laboratory for 

each spike concentration and 
parameter being measured. 

8.3. 7 Calculate upper and lower 
control limits for method performance: 

Upper Control Limit (UCL) = R + 3s 

Lower Control Limit (LCL) = R - 3s 

where R and s are calculated as in 
Section 8.2.3. The UCL and LCL can 

be used to construct control chant 0 1 

that are useful in observing trends in 

performance. The control limits above 

be replaced by method performance 

criteria as they become available from 

the U.S. Environmental Protection 

Agency. 

8.3.2 The laboratory must develop 

and maintain separate accuracy 

statements of laboratory performance 

for wastewater samples. An accuracy 
asstatement for the method is defined 

R :t s. The accuracy statement should 

be devoloped by the analysis of four 
aliquots of wastewater as detjcribed in 
Section 8.2.2. followed by the calcula-
tion of R and s. Alternately, the analyst 
may use four wastewater data points 
gathered through the requirement for 
continuing quality control in Sechon 
8.4. The accuracy statements should 
be updated regularly l 0 1. 

8.4. he laboratory is required to 

collect a portion of their samples in 

duplicate to monitor spike recoveries. 
The frequency of spiked sample analysis 
must be at least 10% of all samples or 

one sample per month, whichever is 

greater. One aliquot of the sample must 

be spiked and analyzed as described in 

Section 8.2. If the recovery for a 

particular parameter does not fell 
within the control limits for method 
performance, the results reported for 

that parameter in all samples pthe 
as mstbe quail-part of theartofthesomsame setst must bedas 

fied as described in Section 13.5. The 

laboratory should monitor the frequency 

of data so qualified to ensure that it 

remains at or below 5%. 

8.5 Before processing any samples, 
the analyst should demonstrate through 
the analysis of a one-liter aliquot of 
reagent water, that all glassware and 
reagent interferences are under control. 
Each time a set of samples is extracted 
or there is a change in reagents, a 
laboratory reagent blank should be 
processed as a safeguard against 
laboratory contamination. 

8.6 It is recommended that the 


laboratory adopt additional quality 

assurance practices for use with this 


method. The specific practices that are 

most productive depend upon the 

needs of the lesboratory and the nature 

of the samples. Field duplicates may be 
analyzed to monitor the precision of 

the sampling tachnique. When doubt 
exists over the identification of a peak 
on the chromatogram, confirmatory 

techniques such as gas chromatography 

with a dissimilar column, specific 
element detector, or mass spectrometer 
must be used. Whenever possible, the 
laboratory should perform analysis of 
standard reference materials and parti-

cipate in relevant performance 
evaluation studies. 

9. Sample Collection. 
Preservation, and Handling 
9.1 Grab samples must be collected 

in glass containers. Conventional 
1

sampling practices 1 should be 

followed, except tht the bottle must 

not b- prewashed with sample before 

collection. Composite samples should 

be collected in refrigerated glass 

containers in accordance with the 
requirements of the rogram. Automatic 
sampling equipment must be as free as 
possible of Tygon tubing and other 
potential sources of contamination. 
9.2 The samples must be iced or 
refrigerated at 4 *C from the time of 
collection until extraction. If the 

samples will not be extracted within 

72 hours of collection, the sample 
should be adjusted to a pH range of 

5.0 to 9.0 with sodium hydroxide or 

sulfuric acid. Record the volume of acid 

or base used. If aldrin is to be 

determtned. add sodium thiosulf ate 
when residual chlorine is present. U.S. 

Environmental Protection Agency 
methods 330.4 and 330.5 may be 

used to measure chlorine residual(1 21. 


Field test kits are available for this 


purpose. 


within 7 days and i'ompletely analyzed9.3 All samples must be extracted 

within 40 days of extractiont2). 

10. Sample Extraction 

10.1 Mark the water meniscus on the 

side of the sample bottle for later deter-

mination of sample volume. Pour the 
entire sampie into a two-liter separatory 
funnel. 
10.2 Add 60 m methyleneclloride-
to the sample botti', seal. and shake 
30 seconds to rinse the inner surface. 
Transfer the solvent to the separatory 
funnel and extract the sample by 
shaking the funnel for two minutes 

with periodic venting to release excess 

pressure. Allow the organic layer to 

separate from the water phase for a 

minimum of 10 minutes. If tte emulsion 

interface between layers is more than 

one-third the volume of the solvent 

layer, the analyst must employ me
chanical techniques to complete the 

phase separation. The optimum tech
nique depends upon the sample, but 
may include stirring, filtration of the 

emulsion through glass wool. centrifu

gation, or other physical mothods. 
Collect the methylene chloride extract 
in a 2 50-mL Erlenmeyer flask. 

10.3 Add a second 60-mL vhes me of 

methylene chlorideto sample bottle 

second time, combining the extracts in 

the Erlenmeyer flask. Perform a third 

extraction in the same manner. 

10.4 Assemble a Kuderna-Danish 

(K-Dl concentrator by attaching a 

10-mL concentrator tube to a 500-mL 

evaporative flask. Other concentration 

devices or techniques may be use.d in 

place of the Kuderna Danish if the 

requirements of Section 8.2 are met. 

10.5 Pour the combineri extract 
through c drying column containing 
about 10 cm of anhydrous sodium 
sulfate, and collect the extract in the 
K-D concentrator. Rinse tho Erlenmeyer 
flask and column with 20 to 30 mL of 
methylene chloride to complete the 
quantitative transfer. 

10.f Add one or two clean boiling 

chips - the evaporative flask and 

attach a three-ball Snyder column. 
Prewet the Snyder column by adding 

about 1 mL methylene chlorids to the 

top. Place the K-D apparatus on a hot 

water bath 160 to 65 OC) so that the 
concentrator tube is partially immersed 

in the hot water and the entire lower 

rounded surface of the flask is bathed 

with hot vapor. Adjust the vertical 
position of the apparatus and the water 

temperature as required to complete 
concentration in 15 to 20 minutes. 

bags of the column will actively chatterAt the proper rate of distillation the 

but the chambe,%will not flood with 

condensed solveVt. When the apparent 

volume of liquid reaches 1 mL, remove 
the K-D apparatus and allow it to drain 

and cool for at least 10 minutes. 

10.7 Increase the temperature of the 
hot water bath to about 80 0C. 

Momentarily remove the Snyder 
column, add 50 mL of hexane and a 

new boiling chip and reattach the 
Snyder column. Prewet the column by 
adding about 1 mL of hexane to the 
top. Concentrate the solvent extract as 
before. The elapsed time of concentra

tion should be 5 to 10 minutes. When 

the apparent volume of liquid reaches 1 

mL, remove the K-D apparatus and 

allow it to drain and cool at least 10 

minutes. 
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10.8 Remove the Snyder column and 
rinse the flask and its lower joint nir, 

the concentrator tube with 1 to 2 - . 
of hexane. A 5-mL syringe is recom-
mended for this operation. Stopper the 
concentrator tube and store 
refrigerated if further processing will 
not be performed immediately. If the 
extracts will be stored longer than two 
days, they should be transferred to 
Teflon-sealed screw-cap bottles. If the 
sample extract requires no further 
cleanup, proceed with gas chromato-

graphic analysis. Ifthe sample requires
cleanup proceed to Sectian 1r1. 


10.9 Determine the original sample 
volume by refilling the sample bottle to 
the mark and transferrinl, the liquid to a 
1000-mL graduated cylinder. Record 
the sample volume to the nearest 5 mL. 

1 1. Cleanup and Separation 

11.1 Cleanup procedures may not be 
necessary for a relatively clean sample 
matrix. The cleanup procedures recom-
mended in this method have been used 
for the analysis of various clean waters 
and industrial effluents. If particular 
circumstances demand the use of in 
alternative cleanup procedure, the 
analyst must determine the elutios 
profile and demonstrate that the 
recovery of each compound of interest 
is no less thi n 85%. The Florisil 
column allows for a select fractionation 
of the compounds and will eliminate 
polar materials. Elemental sulfur 
interferes with the electron capture gas 
chromatography of certain pesticides, 
but can be removed by the techniques 
described below, 

11.2 Florisil column cleanup: 

17.2. 1 Add a weight of Florisil 
(nominally 21 g) predetermined by cali 
bration (Section 7.4 and 7.5), to a 
chromatographic column. Settle the 
Florisil by tapping the column. Add
sodium sulfate to the top of the Florisilto form a layer 1 to 2 cm deep. Add 60 
mLfofmhexaner towet andeerinseCapillary (open-tubular) columns may 

sulfate latver is nearly exposed. Elute 
the column with 200 mL of 6% ethyl 
ether in hexane (VIV)(Fraction 1) using 
a drip rate of about 5 mL/min. Remove 
the K-D flask and set aside for later 
concentration. Elute the column again, 
using 200 mL of 15% ethyl ether in 
hexane (V/V)(Fraction 2), into a second 
K-D flask. Perform the third elution 
using 200 mL of 50% ethyl ether in 
hexane (VIV)(Fraction 3). The elution 
patterns for the pesticides an PCB's are 
shown inTable 2. 


11.2.4 Concentrate the eluates by 
standard K-D techniques (Section 

10.6), substituting hexane for the 
glassware rinses and using the vwiter 
bath at about 85 OC. Adjust final 
volume to 10 mL with hexane. Analyze 
by gas chromatography. 

11.3 Elemental sulfur wili usually 
elute entirely in Fraction 1 of the Florisil 
column cleanup. To remove sulfur 
interference from this fraction or the 
original extract. pipet 1.00 mL of the 
cencentrated extract into a clean con-
centrator tWbe or Teflon-sealed vial. 
Add one to three drops of mercury and 
seal'13). Agitate the contents of the 
vial for 15 to 30 seconds. Prolonged 
shaking (two hours) may be required. If 
so, this may be accomplished with a 
reciprocal shaker. Alternatively, 
activated copper powder may be used 
for sulfur removal 141 . Analyze by gas 
chromatography. 

12. GadsChrornatography
1 T 1 

12.1 Table 1 summarizes the 


recommended operating conditions for 
the gas chromatoqraph. This table 
includes retention times and MDL that 

were obtained u.der these conditions. 
Examples of the p:,meter separations 
achieved by column 1 are shown in 
Figures 1 to 10. Other packed 
columns, chromatographic conditions, 
or detectofrtlay h%4,sed if the
requirements of Section 8.2 are met. 

mLalso 
sodium sulfate and Florisil. Just prior to 
exposure of the sodium sulfate to air, 
stop the elution of the hexane by
closing the stopcock on the chroma-

tography column. Discard the eluate. 

11.2.2 Adjust the sample extract 
volume to 10 mL with hexane and 
transfer it from the K-D concentrator 
ltbe to the Florisil column. Rinse the 
,:ube twice with 1 to 2 mL hexane, 
adding each rinse to the column, 

11.2.3 Place a 500-mL K-D flask and 
clean concentrator tube under the 
chromatography column. Drain the 
column ,rto the flask until the sodium 

be used if the relative standard 
deviations of responses for replicate 
injections are demonstrated to be less 
than 6% and the requirements of 
Scin82aemt
 

Section 8.2 are met. 

12.2 Calibrate the system daily as 
described in,§ection 7. 
12.3 If the internal standard 
approach is being ued. the internal 
standard must be added to the sample 
extract and mixed thoroughly 
immediately, L~efore .ection into the
instrument. 

12.4 Inject 2 to 5 yL of the sample 
extract using tite solvent-flush 
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technique 1 51 . Smaller (i .0 tAL) volumes 
can be injected if automatic devices are 
employed. Record Pie volume inlected 
to the nearest 0.05 ;L, the total 
extract volume, and the resulting peak 
size in area or peak height units. 

12.5 The width of the retention time 
window used to make identificrtions 
should be based upon measuremants 
of actual retention time variations of 
standards over the course of a day. 
Three times the standard deviation of a 
retention time for a compound can be 
used to calculate a suggested window 
size; however, the experience of the 

analyst should weigh heavily in the 
interpretation of chromatograms. 
12.6 If the response for the peak 
exceeds the working range of the 
system, dilute the extract and 

reanalyze. 
12.7 If the measurement of the peak 
r2.7 is pevented by the peak 
response is prevented by the presence 
of inteferences, further cleanup is 
required. 

1 3. Calculations 

13.1 Determine the concentration of 
individual compounds in the sample. 

13.1. 1 If the external standard 
calibration procedure is used, calculate 
the amount of material injected from 
the peak response using the calibration 
curve or calibration factor in Section 
7.2.2. The concentration in the sample 
can be calculLted from equation 2: 

(A)(V,)
 

Eq. 2. Concentration, ;g/L - (V)(V,) 
where: 

A = Amount of material injected, in 

nanograms.
 
V, = Volume of extract injected 

(YL). 
V? = Volume of total extract (ML). 
V, = Volume of water extracted 

(mU.
 

13.1.2 If the internal standard cali
bration procedure was used, calculate 
the concentration in the simple using 
the response factor (RF) determined in 
Section 7.3.2 and equation 3. 

Eq. 3 
(A,)(,) 

Concentrationg/L = (Aj,)(RF)(Vo) 

where: 
A = Response for the parameter to 

be measured. 
Ai" = Response for the internal 

standard.
I, = Amount of internal standard 

added to each extract (Mg). 
= Volume of water extracted, in 

liters. 
Vo 




13.2 When it is apparent that two or 
more PCB (Aroclor) mixtures are 
present. the Wehb and McCall 
procedue 16 1 may be used to identify 
and quantify the Aroclors. 

13.3 For multicomponent mixtures 
(chlordane, toxaphene and PCas) 
match retention times of peaks in the 
standards with peaks in the sample. 
Quantitate every identifiable peak 
unless interference with individual 
peaks persist after cleanup. Add peak 
height or peak area of each identified 
peak in the cl.romatogram. Calculate 
as total response in the sample versustotal response in the standard. 

13.4 Repinrt results in micrograms 
per liter without correction for recovery 
dota. When duplicate and spiked 
samples are analyzed, report all data 
obtained with the sample results. 
135 ForPublication 

135Frsamples processed as pa
of a set where the laboratory spiked, 

sample recovery falls outside of the 
control limits in Section 8.3, data for 
the affected parameters must be 
labeled as suspect. 

14. Method Performance 

14.1 The method detection limit 
(MDLI is defined as the minimum 
concentration of a substance that can 
be measured and reported with 99% 
confidence that the value is above 
zero(1 . The MDL concentrations listed 
in Table 1 were obtained using reagent 
wateri 17 1.Similar results were achieved 
using representative wastewaters. 

14.2 This method has been tested 
for linearity of spike recovery from 
reagent water and has been demon-
strated to be applicable over the 
concentration range from 4 x MDL up 
to 1000 x MDL with the following 
exceptions: Chlordane recovery at 4 x 
MDL was low (60%); Toxaphene 
recovery was demonstrated linear over 
the range of 10 x MDL to 1000 x 
MDLI1 7% 

14.3 In a single laboratory (South-
west Research Institute), using spiked 
wastewater samples, the average 
recoveries presented in Table 3 were 
obtained(4). Each spiked sample was 
analyzed in triplicate on two separate 
days. The standard deviation of the 

percent recovery is also included in 

Table 3. 


14.4 The U.S. Environmental Protec-
tion Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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Table 1. 	 Chromatographic Conditions and Method 

Detection Limits 


Retention Time Method 
(mn.) Detection Limit 

Parameter Column I Column 2 0g9L 

a-BHC 1.35 1.82 0.003 
y-BHC .70 2.13 0.004 
-BHC 1.90 1.97 0.006 

Heptachlor 2.00 3.35 0.003 
d-BHC 2.75 2.20 0.009 
Aldrin 2.40 4.10 0.004 
Hepachlor epoxide 3.50 5.00 0.083 
Endosulfan / 4.50 6.20 0.014 
4.4 '-DDE 5.73 7.15 0.004 
Dieldrin 5.45 7.23 0.002 
Endrin 6.55 8. 10 0.006 
4,4 '-DDD 7.83 9.08 0.011 
Endosulfan HI 8.00 8.28 0.004 
4,4'-DDT 9.40 11.75 0.012 
Endrin aldehyde 11.82 9.30 0.023 
Endosulfan sulfate 14.22 10.70 0.066 
Chlordane mr mr 0.014 
Toxaphene mr mr 0.24 
PCB- 1016 mr mr nd 
PCB-1221 mr mr nd 
PCB-1232 .nr mr nd 
PC8-1242 mr mr 0.065 
PCB-1248 mr mr nd 
PCB-1254 mr mr nd 
PCB- 1260 mr mr nd 

Column 1 conditions: Supelcoport ( 100/120 mesh) coated 
with 1.5% SP.2250/11.95% SP-2401 packedn a 1.8 m 
long x 4 mm ID glass column with 5% Methane/95% 
Argon carrier gas at a flow rate of 60 mL/min. Column 
temperature isothermal at 200 OC, except for PCB- 1016 
through PCB- 1248, which should be measured at 
160 0C. 

Column 2 conditions: Supelcoport (100/120 mesh) coated 
with 3% OV. 1 in a 1.8 m long x 4 mm ID glass column 
with 5 % Methane/95 %Argon carrier gas ata flowrate of 
60 mL/min. Column temperature, isothermal at 200 OC, 
for the Pesticides; 140 0 C for PCB-1221 and 1232: 
17 0 °C for PCB-1016 and 1242 to 1268. 

mr - Multiple peak response. See Figures 2 thru 10. 
nd - Not determined. 

Table 2. 	 Distribution of Chlorinated Pesticides and PCBs 
into Florisil Column Fractions2 

Percent Recovery 
by Fraction 

Fraction Fraction Fraction 

Parameter 1 2 3 
Aldrin 700 
a-BHC 700 
P-BHC 97 
6-BHC 98 
y-BHC 700 
Chlordane 100 
4,4'.DDD 99 
4,4'.DDE 98 
4,4'oDDT 700 
Dieldrin 0 100 
Endosulfan I 37 64 
Endosulfan 0 7 91 
Endosulfan sulfate 0 0 106 
Endrin 4 96 
Endrin aldehyde 0 68 26 
Heptachlor 0 
Heptechlor epoxide 100 
Toxaphene 96 
PCB-1016 97 
PCB.1221 97 
PCB. 1232 95 
PCB-1242 9) 
PCB-1248 103 
PCB-1254 90 
PCB-1260 95 

Eluant composition by fraction: 
Fraction 1-6% ethyl ether in hexane
 
Fraction 2- 15% ethyl ether in hexane
 
Fraction 3- 50% ethyl ether in hexane
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Table 3. Single Operator Accuracy and Precision 

A verage Standard Spik& 
Percent Deviation Range 

Number 
of Matrix 

Column: 1.5% SP-22504 
1.95% SP.2401 on 
Supelcopot 

Temperature: 200*C. 

Parameter Recovery % ( g/L) Analyses Types Detector: Electron cepture 

Aldrin 
o.BHC 
BHCf-BHC 

89 
89 
8886 

2.5 
2.0 
1.33.4 

2.0 
1.0 
2.02.0 

15 
15 
15
15 

3 
3 
33 

y.SHC 
Chlorane 
4.4'.DDD 
4,4"-DDE 
4,4 .DDT 
Dieldrin 
Endosulfanl 
EndosulfanlI 
Endosulfan sulfate 
Endrin 
Endin aldehyde 
Heptachlor 
Heptachlorepoxide 
Toxaphene 
PCB.1016 
PCB.1221 
PCB- 1232 
PCB- 1242 
PCB-1248 
PC8-1254 

97 
93 
92 
89 
92 
95 
96 
97 
99 
95 
87 
88 
93 
95 
94 
96 
88 
92 
90 
92 

3.3 
4.1 
1.9 
2.2 
3.2 
2.8 
2.9 
2.4 
4.1 
2.1 
2.7 
3.3 

.4 
3.8 
1.8 
4.2 
2.4 
2.0 
1.6 
3.3 

1.0 
20 

6.0 
3.0 
8.0 
3.0 
3.0 
5.0 
15 
5.0 

72 
1.0 
2.0 

200 
25 
55-110 
110 
28-56 
40 
40 

15 
21 
15 
75 
75 
15 
12 
14 
15 
12 
11 
12 
15 
18 
12 
12 
12 
12 
12 
18 

3 
4 
3 
3 
3 
2 
2 
3 
3 
2 
2 
2 
3 
3 
2 
2 
2 
2 
2 
3 4 8 72 16 

PC8- 1260 91 5.5 80 18 3 Retention time, minutes 

Column: 7.5% SP.2250+Colun: .5% P-250+of 
Figure 2. Gas chromatogram

chlordane. 

1.95% SP.2401 on Supelcoport 

Temperature: 2001C. 
Detector: Electron capture 

UULU 

A I 

0 

Figure 1. 

4 8 12 16 

Retention time. minutes 

Gas chromatogram of pesticides. 
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Column: 1.5% SP-2250. Column: 1.5% SP.2250 1.95% SP-2401 on 
1.95% SP.2401 an Supelcoport 
Supelcoport Temperature. 160'C. 

Temperature: 2000C. Detector: Electron capture 
Detector: Electron capture 

2 6 70 74 78 22 26 

Retention time, minutes 2 6 70 14 78 22 

Figure 3. Gas chromatogram of toxaphene. Retention time. minutes 

Figure 5. Ge chromatogrem of PCB-1227. 

Column: 1.5% SP-2250 1.95% SP-2401 on 
SupelcoW1 

Temperature: 7600C. 
Detector: Electron capture 

Column: 1.5% SP-2250. 1.95% SP.2401 
Supelcoport 

Temperature: 760°C. 
Detector: Electron capture 

on 
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Figure 4. Gas chromatogram of PC8.1016. Figure 6. Gas chromatogrem of PCB.1232. 
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Column:- 1.5% SP.2250. 1.95% SP.2401 on Column.-	 1.5% SP-2250+ 1.95% SP-2401 on 
SupelcoportSupelcoport 

Temperature: 1600C. Temperature. 2000 C. 
Detector: Electron captureDetector Electron capture 

2 

Figure.7. 
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Gas chrometogram of PCB-1242. 
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Figure 9. 
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Gas chrometogram of PCB. 1254. 
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Column: 1.5% SP.2250. 1.95% SP.2401 on 
Supelcoport 

Temperature: 1608C.Detector:"Electron capture 

Column: 1.5% SP-2250 1.95% SP.2401 
upealcoportTemperature: 200°. 

Detector. Electron capture 

on 
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Figure 8. Gas chromatcgram of PCB1248. Figure 10. Gas chromatogram of PCO-1260. 
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United States Environmental Monitoring and 
Environmental Protection Support Laboratory 
Agency Cincinnati OH 45268 

Research and Development 

SEPA Test Method 

Nitroaromatics and 
Isophorone - Method 609 

1. Scope and Application 

1.1 This method covers the 
determination of certain nitroaromatics 
and isophorone. The following 
parameters may be determined by this 
method: 

CAS No.Parameter STORET No. 
121-14-22,4-Dinitrotoluene 34611 

34626 606-20-22.6-Dinitrotoluene 
34408 78-59-1Isophorone 

98-95-3Nitrobenzene 34447 

1.2 This is a gas chromatographic 1.4 The sample extraction and 
(GC) method applicable to the determi- concentration steps in this method are 
nation of the compounds listed above Essentially the same as in method 606, 
in municipal and industrial discharges 608, 611 and 612. Thus. a single 
as provided under 40 CFR 136.1. sample may be extracted to measure 
When this method is used to analyze all of the parameters included in the 

scope of each of these methods. Whenunfamiliar samples for any or all of the 
compounds above, compound identifi- cleanup is required the concentration 
cations should be supported by at least levels must be high enough to permit 
one additional qualitative technique. selectior of aliquots of the extract, as 
This method describes analytical necessary, :o apply appropriate 
conditions for a second gas cleanup proctdures. rhe analyst is 
chromatographic column that can be allowed the latijude, under Gas 
used to confirm measurements made Chromatography (Section 12), to 
with the primary column. Method 625 select chromatographic conditions 
provides gas chromatographImass appropriate for the simultaneous 

measurement of combinations of thesespectrometer (GC/MS) conditions 
appropriate for the qualitative and parameters. 
quantitative confirmation of results for 

1.5 Any modifications of thisall of the parameters listed above, 
method, beyond those expresslyusing the extract produced by this 
permitted, shall be considered as majormethod. modifications subject to application 

1.3 The method detection limit (MDL and approval of alternate test 
defined in Section 14.1 )11 for each procedures under 40 CFR 136.4 and 
parameter is listed in Table 1. The MDL 136.5. 
for a specific wastewater may differ 
from those listed, depending upon the 1.6 This method is restricted to use 
nature of interferences in the sample by or under the supervision of analysts 
matrix, experienced in the use of gas chroma
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tography and in the interpretation of 
gas chromatograms. Each analyst must 
demonstrate the ability to generate 
acceptable results with this method 
using the procedure described in 
Section 6.2. 

2. Summary of Method 
2.1 A measured volume of sample, 
approximately one-liter, is extracted 
with methylene chloride using 
separatory funnel techniques. The 
extract is dried and exchanged to 
hexane during concentration to 1.0 mL 
by evaporation. Isophorone and 
nitrobenzene are measured by flame 
ionization gas chromatography 
(FIDGC. The dinitrotoluenes are 
measured by electron capture GC 
(ECGC)I21. 

2.2 The method provides a Florisil 
chromatographic cleanup procedure to 
aid in the elimination of interferences 
that may be encountered. 

3. Interfevences 
3.1 Method interferences may be 
caused by contaminants in solvents, 
reagents, glassware, and other sample 
processing hardware that lead to 
discrete artifacts and/or elevated 
baselines in gas chromatograms. All of 
these materials must be routinely 
demonstrated to be free from inter-
ferences under the conditions of the 
analysis by running laboratory reagent 
blanks as described in Section 8.5. 

3 7.1 Glassware must be scrupulouslyecleaned¢3t . Clean all glassware as soon 

as possible after use by rinsing with the 
lost solvent used in it. This should be 
followed by detergent washing with 
hot water, and rinses with tap water 
and distilled water. It should then be 
drained dry, and heated in a muffle 
furnace at. 400 0C for 15 to 30 
minutes. Some thermally stable 
materials, such as PCBs, may not be 
eliminated by this treatment. Solvent 
rinses with acetone and pesticide 
quality hexane may be substituted for 
the muffle furnace heating. Thorough 
rinsing with such solvents usually 
eliminates PCB interferences, 
Volumetric ware should not be heated 
in a muffle furnace. After drying and 
cooling, glassware should be sealed 
and stored in a clean environment to 
prevent any accumulation of dust or 
other contaminants. Store inverted or 
capped with aluminum foil. 

3. s,2 The use of high purity reagents 
and solvents helps to minimize 
interference problems. Purification of 
solvents by distillation in all-glass 
systems may be required. 

3.2 Matrix interferences may be 
caused by contaminants that are 
coextracted from the sample. The 
extent of matrix interferences will vary 
considerably from source to source. 
depending upon the nature and 
diversity of the industrial complex or 
municipality being sampled. The 
cleanup procedures in Section 11 can 
be used to overcome many of these 
interferences, but unique samples may 
require additional cleanup approaches 
to achieve the MDL listed in Table 1. 
4. Safety 

The toxicity or carcinogoricity of 
each reagent used in this method has 
not been precisely defined; however, 
each chemical compound should be 
treated as a potential health hazard. 

From this viewpoint, exposure to these 

chemicals must be reduced to the 
lowest possible level by whatever 
means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 
sheets should also be made available to 
all personnel involved in the chemical 
analysis. Additional references to 
laboratory safety are available and 

816 ) for thehave been identified 
information of the analyst. 
5. Apparatus and Materials 

5.1 Sampling equipment, for discrete or composite sampling. 

5. 1.1 Grab sample bottle-Amber 
glass, one-liter or one-quart volume, 
fitted with screw caps lined with 
Teflon. Foil may be substituted for 
Tefion if the sample is not corrosive. If 
arber bottles are not available, protect 
samples from light. The container must 
be washed, rinsed with acetone or 
methylene chloride, and dried belore 
use to minimize contamination, 

2mad 
5.1.2 Automatic sampler loptional)-
Must incorporate glass sample 
containers for the collection of a mini-
mum of 250 mL. Sample containers 
must be kept refrigerated at 4 0C and 

protected from light during compositing. 
If the sampler uses a peristaltic pump, 
a minimum length of compressible 
silicone rubber tubing may be Used. 
Before use, however, the compressible 
tubing should be thoroughly rinsed 
s withmethanol, followed by repeated 
rinsings with distilled water to minimize 
the potential for contamination of the 
sample. An integrating flow mater is 
required to collect flow proportional 
composites. 
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5.2 Glassware (All specifications are 
suggested. Catalog numbers are 
included for illustration only). 
5.2.1 Separatory funnel- 2000-mL, 
with Teflon stopcock. 

5.2.2 Drying column-Chroma
tographic column approximately 400 
mm long x 19 mm ID with coarse frit. 
5.2.3 Concentrator tube. Kuderna-
Danish- 10-mL. graduated (Kontes K
570050-1025 or equivalent). Calibra
tion must be checked at the volumes 
employed in the test. Ground glass 
stopper is used to prevent evaporation 
of extracts. 

5.2.4 Evaporative flask, Kuderna-
Danish- 500-mL (Kontes K-570001
0500 or equivalent). Attach to 
concentrator tube with springs. 

5.2.5 Snyder column, Kuderna
Danish-Three-ball macro (Kontes 
K-503000-0121 or equivalent). 

5.2.6 Snyder column, Kuderna
Danish-Two-ball micro (Kontes 
K-569001-0219 or equivalent). 

5.2.7 Vials-Amber glass, 10- to 
52. V ia-m eglas1t 

1 5-mL capacity, with Teflon-lined 

5.2.8 Chromatographic column
100 mm long x 10 mm ID, Teflon 
stopcock. 
5.3 Boiling chips-approximately 
10/40 mesh. Heat to 400 0 C for 30 

minutes or Soxhlet extract withmethylene chloride. 

5.4 Water bath-Heated, with 
concentric ring cover, capable of 
temperature control I ± 2 1C). The bath 
should be used in a hood. 

5.5 Balance-Analytical. capable of 
accurately weighing 0.0001 g. 
5.6 Gas chromatograph-Analytical
system complete with gas chromato
graph suitable for on-column injection 

auire aories incin 
and all required accessories including 
syringes, analytical columns, gases. 
detector, and strip-chart recorder. A 
data system is recommended for 
measuring peak areas. 

5.6. 1 Column 1- 1.2 m (4 ft.) long 
x 2 mm or 4 mm ID, Pyrex glass, 
packed with GasoChrom Q (80/10 
mesh) coated with 1.95% OF-I/1.5 
OV- 17. This column was used to 
develop the method performance
statements in Section 14. Guidelines 
for the use of alternate column 
packings are provided in Section 12.1. 

5.6.2 Column 2-3.0 m (10 ft.) long 
x 2 or 4 mm ID, Pyrex glass, packed 



with Gas-Chrom Q 1801100 mesh) 

coated with 3% OV-101. 


5.6.3 Detector- Flame ionization. 
This detector has proven effective in 
the analysis of wastewaters for 
isophorone and nitrobenzene. and was 
used to develop the method perfor-
mance statements in Section 14. 
Guidelines for the use of alternate 
detectors are provided in Section 12.1. 

•5.6.4 	 Detector-Electron capture. 
This detector has proven effective in 
the analy3is of wastewaters for the 
dinitrotoluenes. and was used to 
develop the method performance 
statements in Section 14. Guidelines 
for the use of alternate detectors are 

provided in Section 12. 1. 


6. Reagents 

6.1 Reagent water- Reagent water is 
defined as a water in which an inter-
ferent is not observed at the MDL of 
each parameter of interest, 

6.2 Sodium hydroxide solution (10 
N) - (ACS) Dissolve 40g NaOH in 
reagent water and dilute to 100 mL. 

6.3 Sulfuric acid solution (11 + 1)-
(ACS) Slowly, add 50 mL H 2SO 4 (sp. 
gr. 1.84) to 50-mL of reagent water. 

6.4 	 Acetone, hexane. methanol, 

methylene chloride,-Pesticide quality 
or equivalent, 

6.5 	 Sodium sulfate-IACS) Granular, 

anhydrous. Purify by heating at 400 OC 

for 4 hours in a shallow tray. 

6.6 Florisil-PR grude (60/100 
mesh), purchase activated at 1250 OF 
and store in dark in glass containers 
with glass stoppers or foil-lined screw 
caps. Before use, 3ctivate each batch 
overnight at 200 OC in glass containers 
loosely covered with foil. 

6.7 Stock standard solutions (1.00 


pg/IAl)-Stock standard solutions can 


be prepared from pure standard 

materials or purchased as certified 


solutions. 


6. 7. 1 Prepare stock standard 
solutions by accurately weighing about 
0.0100 g of pure material. Dissolve 
the material in pesticide quality 
hexane, dilute to volume in a 10-mL 
volumetr;c flask. Larger volumes can 
be used at the convenience of the 
analyst. If compound purity is certified 
at 96% or greater, the weight can be 
used without correction to calculate 
the concentration of the stock 
standard. Commercially prepared stock 

standards can be used at any 
concentration if they are certified by 

the manufacturer or by an independent 
source. 

6.7.2 Transfer the stock standard 
solutions into Teflon-sealed screw-cap 
bottles. Store at 4 "C and protect from 
light. Stock standard solutions should 
be checked frequently for signs of 
degradation or evaporation, especially 
just prior to preparing calibration 
standards from them. Quality control 

check standards that can be used to 
determine the accuracy of calibration 
standards, will be available from the 
U.S. Environmental Protection Agency, 
Environmental Monitoring and Systems 
Laboratory. Cincinnati. Ohio 45268. 

6. 7.3 Stock standard solutions must 
be replaced after six months, or sooner 
if comparison with check standards 
indicate a problem. 

7. Calibration 

7.1 Establish gas chromatographic 
operating conditions to produce 
resolutvon of the parameters equivalent 
to those indicated in Table 1. The gas 
chromatographic system may be 
calibrated using the external standard 

technique (Section 7.2) or the internal 
standard techniqje (Section 7.3). 
7.2 	 External standard calibration 

procedure: 

7.2. 1 Prepare calibration standards 
at a minimum of three concentration 

;evels for each parameter of interestby 

adding volumes of one or more stock 
standards to a volurietric flask and 
diluting to volume with hexane. One of 

the external stanca.ds should be at a 

concentration near. but above, the 
MDL limit and the other concentrations 
should correspond to the expected 
range of concentrations found in real 
samples or should define the working 
range of the detector. 

7.2.2 Using injections of 2 to 5 yL of 

each calibratiorvstandard, tabulate 

peak height or area responses against 

the mass injected. The results can be 

used to prepare a calibration curve for 
each compound. Alternatively, if the 
ratio of response tc amount injected 
(calibratioti factor) is a constant over 
the working range (<10% relative 
standard deviation, RSD), linearity 
through the origin can be assumed and 
the average ratio or calibration factor 
can be used in place of a calibration 
curve, 

7.2.3 The working calibration curve 
or calibration factor must be verified on 
each working day by the measurement 
of one or more calibration standards. If 
the response for any parameter varies 

from the predicted response by more 
than ± 10%. the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
or calibration factor must be prepared 
for that compound. 

7.3 Internal standard calibration 
procedure. To use this approach, the 
analyst must select one or more 
internal standards that are similar in 

analytical behavior to the compounds 
of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected by 
method or matrix interferences. 
Because of these limitations, no 
internal standard can be suggested that 
is applicable to all samples. 

7.3. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest by 
adding volumes of one or more stock 
standards to a volumetric flask. To 
each calibration standard, add a known 
constant amount of one or more 
internal standards, and dilute to volume 
with hexane. One of the standards 
should be at a concentration near, but 
above, the MDL and the other concen

trations should correspond to the 
expected range of concentrations 
found in real samples or should define 

the working range of the detector. 

7.3.2 Using injections of 2 to 5 14-of 
each calibration standard, tabulate 

peak height or area responses against 

concentration for each compound and 

internal standard, and calculate 
response factors (RF) for each 

compound using equation 1. 

Eq. 1. RF = (AC,s)/IA,1 C,) 
where: 

As = Response for the parameter to 
be measured. 

A,1 = Response for the internal 
standard. 

C, = 	Concentration of the internal 
standard (g/L). 

= CS 	 Concentration of the param
eter to be measured (mg/L). 

If the RF value over the working 
range is a constant <10% RSD), the 
RF can be assumed to be invariant and 
the average RF can be used for 
calculations. Alternativey, the results 
can be used to plot a calib, ation curve 
of response ratios, A,/Ai,, vs. RF. 

7.3.3 The working calibration curve 
or RF must. be verified on each working 
day by the measurement of one or 
more calibration standards. If the 
response for any parameter varies from 

the predicted response by more than 
t 10%, the test must be repeated 

using a fresh calibration standard. 
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Alternatively, a new calibration curve 
must be prepared for that compound. 

7.4 Before using any cleanup 
procedure. the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and the absence of interfer-
ences from the reagents. 

8. Quality Control 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality control program. The minimum 
requirements of this program consist of 
an initial demonstration of laboratory 
capability and the analysis of spiked 
samples as a continuing check on 
performance. The laboratory is required 

to maintain performance tecords to 
define the quality of data that is 
generated. Onging performance 
checks must be compared with 
established performance creria todetermine if the results of analyses are 

within accuracy and precision limits 
expected of the method. 

8.1.1 Before performing any analyses, 
the analyst must demonstrate the 
ability to generate acceptable accuracy 
and precision with this method. This 
ability is established as described in 
Section 8.2. 

8.1.2 In recognition of the rapid 

advances that are occurring in chroma-
tography, the analyst is permitted 
certain options to improve the sepa-
tions or lower the cost of measurements. 
Each time such modifications are made 
to the method, the analyst is required 
to repeat the procedure in Section 8.2. 

8. 1.3 The laboratory must spike and 
analyze a minimum of 10% of all 
samples to monitor continuing labora-
tory performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and pre-
cision, the analyst must perform the 

thocisloiong tperf t 
following operations.8.2. 7 Select a representative spike 

concentration for each comoound to be 
measured. Using stock standards, 
prepare a quality control check sample 
concentrate in acetone 1000 times 
more concentrated than the selected 
concentrations. Quality control check 
sample concentrates, appropriate for 
use with this method, will be available 
from the U.S. Environmental Protection 
Agency, Environmental Monitoring and 
Support Laboratory. Cincinnati, Ohio 
45268. 

8.2.2 Using a pipet, add 1.00 mL of 
the check sample concentrate to each 

of a minimum of four 1000-mL aliquots 
of reagent water. A representative 
wastewater may be used in place of 
the reagent water, but one or more 
additional aliquots must be analyzed to 
determine background levels, and the 
spike level must exceed twice the 
background level for the test to be 
valid. Analyze the aliquots according to 

the method beginning in Section 10. 

8.2.3 Calculate the average percent 
recovery, IR), and the standard devia-
tion of the percent recovery (3), for the 
results. Wastewater background cor-
rections must be made before R and s 
calculations are performed. 
8.2.4 Using Table 2. note the 
average recovery (X) and standard 
deviation (p) expected for each method 
parameter. Compare these to the cal-
culated values for R and s. If s > 2p or 
IX - RI > 2p, review potential problem 
areas and repeat the test. 

8.2.5 The U.S. Environmental Pro-

tection Agency plans to establish 

performance criterla for R and s based 
upon the results of interlaboratory 
testing. When they become available. 
these criteria must be met before an 
samples may be analyzed. 

8.3 The analyst must calculate 

method performance criteria and define 
the performance of the laboratory for 
each spike concentration and 
parameter being measured. 

8.3. 1 Calculate upper and lower 
control limits for method performance: 


Upper Control Limit (UCL) = R + 3s 

Lower Control Limit (LCL) - R - 3s 


where R and s are calculated as in 

Section 8.2.3. 


The UCL and LCL can be used to 

construct control charts17 ) that are 

useful in observing trends in 


performance. The control limits above 

be replaced by method performance
criteria as they become available from 
the U.S. Environmental Protection 
Agency. 

8.3.2 The laboratory must develop 
and maintain separate accuracy 
statements of laboratory performance 
for wastewater samples. An accuracy 
statement for the method is defined as 
R ± s. The accuracy statement should 
be developed by the analysis of four 
aliquots of wastewater as described in 
Section 8.2.2, followed by the calcula-
tion of R and s. Alternately, the analyst 
may use four wastewater data points 
gathered through the requirement for 
continuing quality control in Section 
8.4. The accuracy statements should 
be updated regularly(7 1 . 

8.4. The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries. 
The frequency of spiked sample analysis 
must be at least 10% of all samples or 
one sample per month, whichever is 
greater. One aliquot of the sample must 
be spiked and analyzed as described in 
Section 8.2. If the recovery for a 

particular parameter does not fall 
within the control limits for method 
performance, the results reported for 
that parameter in all samples processed 
as part of the same set must be quali
fied as described in Section 13.3. The 
laboratory should monitor the frequency 
of data so qualified to ensure that it 
remains at or below 5%. 
8.5 Before processing any samples. 
the analyst should demonstrate through 
the analysis of a one-liter aliquot of 
reagent water, that all glassware and 
reagent interferences are under control. 
Each time a set of samples is extracted 

or there is a change in reagents, a 
laboratory reagent blank should be 
processed as a safeguard against 
laboratory contamination. 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 

method. The specific practices that are 

most productive depend upon the 
needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precision of 
the sampling technique. When doubt 
exists over the identification of a peak 
on the chromatogram, confirmatory 
techniques such as gas chromatography 
with a dissimilar column, specific
element detector, or mass spectrometer 
must be used. Whenever possible the 
laboratory should perform analysis of 
standard reference materials and parti
cipate in relevant performance 
cip atin stdes m 

evaluation studies. 

9. Sample Collection,
 
Preservation, and Handling
 
9.1 Grab samples must be collected 

in glass containers. Conventional 
sampling practices1s should be 
followed, except that the bottle must 
not be prerinsed with sample before 
collection. Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. Automatic 
sampling equipment must be as free as 
possible of Tygon tubing and other 
potential sources of contamination. 

9.2 The samples must be iced or
 
refrigerated at 4 OC from the time of
 
collection until extraction.
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9.3 All samples must be extracted 
within 7 days and completely analyzed 
within 40 days of extraction12 l. 

10. Sample Extraction 
10.1 Mark the water meniscus on the 
side of the sample bottle for later deter-
mination of sample volume. Pour the 
entire sample into a two-liter separatory 
funnel. Check the pH of the sample 
with wide-range pH paper and adjust to 
within the range of 5 to 9 with diluted 
sodium hydroxide or sulfuric acid. 

10.2 Ar L methylene chlorideL60 

to the sample bottle, seal, and shake 
for 30 seconds to rinse the inner 
surface. Transfer the solvent to the 
seperatory funnel and extract the 

10.7 Add one or two clean boiling 
chips to the evaporative flask and 
attach a three-ball Snyder column. 
Prewet the Snyder column by adding 
about 1 mL methylene chloride to the 
top. Place the K-D apparatus on a hot 
water bath (60 to 65 aC) so that the 
concentrator tube is partially immersed 
in the hot water, snd the entire lower 
rounded surface of the flask is bathed 
with hot vapor. Adjust the vertical 
position of the apparatus and the water 
temperature as required to complete 

the concentration in 15 to 20 minutes.At the proper rate of distillation theFlorisil. 

balls of the column will actively chatter 
but the chambers will not flood with 
condensed solvent. When the apparent 
volume of liquid reaches 1 mL. remove 

m ingteswith he funtnlgfoto the K-D apparatus and allow it to drain
minutes with periodic venting toadcolfrtles10mne. 

release excess pressure. Allow the 
organic layer to separate from the 
water phase for a minimum of 10 
minwes. If the emulsion interface 
between Icyers is more than one-third 
the volume of the solvent layer, the 
analyst must employ mechanical 
techniques to complete the phase 
separation. The optimum technique 
depends upon the sample, but may 
include stirring, filtration of the 
emulsion through glass wool. 
centrifugation, or other physical 
methods. Collect the methylene chloride 
extract in a 250-mL Erlenmeyer flask. 

10.3 Add a second 60-mL volume of 

methylene chloride to the sample bottle 
and repeat the extraction procedure a 
second time, combining the extrbcts in 
second time. combinin terforma third 
extraction in the same manner 

10.4 Assemble a Kuderna-Danish 
(K-D) concentrator by attaching a 
10-mL concentrator tube to a 500-mL 
evaporative flask. Other concentration 
devices or techniques may be used in 
place of the K-D if the requirements of 
Section 8.2 are met. 

10.5 Pour the combined extract 

through a drying column containing 

about 10 cm of anhydrous sodium 
sulfate, and collect the extract in the 
K-D concentrator. Rinse the Erlenmever 
flask and column with 20 to 30 mL of 
methylene chloride to complete the 
quantitative tranisfer. 

10.6 Sections 10.7 and 10.8 
describe a procedure for exchanging 
the methylene chloride solvent to 
hexane while concentrating the extract 
volume to 1.0 mL. When it is not , 
necessary to achieve the MDL in Table 
2, the solvent exchange may be made 
by the addition of 50 mL of hexane and 
concentration to 10 mL as described in 
method 606, Section 10.7. 

and coal for at least 10 minuies. 
Remove the Snyder column and rinse 
the flask and its lower joint into the 
concentrator tube with 1 to 2 mL of 
methylene chloride. A 5-mL syringe is 
recommended for this operation. 

10.8 Add 1 to 2 mL of hexane to the 
concentrator tube, and a clean boiling 
chip. Attach a two-ball micro-Snyder 
column. Prewet the micro-Snyder 
column by adding about 0.5 mL of 
hexane to the top. Place this micro K-D 
apparatus on a water bath (60 to 
65 OC) so that the concentrator tube is 
partially immersed in the hot waiter. 

Adjust the vertical position of the 
apparatus and water temperature as 

required to complete the concentration 
in 5 to 10 minutes. At the proper rate 
of distillation the balls of the column 
will actively chatter but the chambers 
will not flood. When the apparent 

volume of liquid reaches 0.5 mL, 
remove the K-D apparatus and allow it 
to drain for at least 10 minutes while 
cooling. Remove the micro-Snyder 
column and rinse its lower joint into the 
concentrator tube with a small volume 
of hexane. Adjust the final volume to 
1.0 mL and stopper the concentrator 
tube and store refrigerated if further 
processing will not be performed 
immediately. Unless the sample is 
known to require cleanup, proceed 
with gas chromatographic analysis, 

10.9 Determine the original sample 
volume by refilling the sample bottle to 

the mark with water and measuring the 
volume in a 1000-mL graduated 
cylinder. Record the sample volume to 
the nearest 5 mL. 

1. Cleanup and Separation 

11.1 Cleanup procedures may not be 
necessary for a relatively clean sample 
matrix. The cleanup procedure recom-
mended in this method has been used 

for the analysis of various clean waters 
and industrial effluents. If partnicular 
circumstances demand the use of an 
alternative cleanup procedure. the 
analyst must demonstrate that the 
recovery of each compound of interest 
is no less than 85%. 
11.2 Prepare a slurry of 1Og of 
activated Florisil in methylene chloride 

i ae (1 i et toack 
in hexane (1 + 9)IV). Use it to pack 
a ly-mm IDchromatography column. 
gently tapping the column to settle the 

Florisil. Add 1 cm of anhydrous sodium 

11.2. 1 Just prior to exposure of the 
sodium sulfate layer to the air transfer 
the 1 mL of sample extract onto the 
column using an additional 2 mL of 
hexane to complete the transfer. 

11.2.2 Just prior to exposure of the 
sodium ,'ulf ate layer to the air, add 30 
mL of methylene chloride in hexane (1 
+ 9)(VIV) and continue the elution of 
the column. Elution of the column 
should be at a rate of about 2 mL skill 
per min. Discard the eluate from this 
fraction. 

11.2.3 Next elute the column with 
30 mL of acetone/methylene chloride 
(1 + 9)(V/V) into a 500-mL K-D flask 
equipped with a 10-mL concentrator 
tube. Concentrate the collected 
fraction by the K-D technique 
prescribed in Sections 10.6, 10.7, and 

10.8 including the solvent exchange in 

1 mL of hexane. This fraction should 
contain the nitroaromatics and 
isophorone. 
11.2.4 Analyze by gas 
chromatography. 

12. Gas Chromatography 

12.1 Isophorone and nitrobenzene 
are analyzed by injection of a portion of 
the extract into an FIDGC. The dinitro
toluenes are analyzed by a separate 
injection into an ECGC. Table 1 
summarizes some recommended gas 
chromatographic column materials and 
operating conditions for the 
instruments. This Table includes 
retention times and MDL obtained 
under these conditions. Examples of 
the parameter separations achieved by 
Column 1 are shown in Figures 1 and 

2. Other packed columns, chromato
graphic conditions, or detectors may 
be used if the requirements of Section 
8.2 are met. Capillary (open-tubular) 
columns may also be used if the 
relative standard deviations of 
responses for replicate injections are 
demonstrated to be less than 6% and 
the requirements of Section 8.2 are
 
met.
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12.2 Calibrate the system daily as 
described in Section 7. 

12.3 If the internal standard 
approach is being used, the analyst 
must not add the internal standard to 
sample the extract until immediately 
before injection into the instrument. 
Mix thoroughly.M2. Injecty2sto 5 ofaddod 

12.4 Inject 2 to 5 Lof thesampleextract using the solvent-flush 

technique 9 l. Smaller (1.0 pL) volumes 
can be injected if automatic devices aire 
employed. Record the volume injected 
to the nearest 0.05 yL. and the 
resulting peak size in area or peak 
height units, 

12.5 The width of the retention time 
window used to make identifications 
should be based upon measurements 
of actual retention time variations of 
standards over the course of a day. 
Three times the standard deviation of a 
retention time for a compound can be 
used to calculate a suggested window 
size; however, the experience of the 
analyst should weigh heavily in the 
interpretation of chromatograms. 

12.6 If the response exceeds the 

working range ot the system, dilute the 
extract and reanalyze. 

12.7 If the measurement of the peak 
response is prevented by the presence 
of interferences, further cleanup is 
required. 

13. Calculations 

13.1 Determine the concentration of 
individual compounds in the sample. 

13. 1. 1 If the external standard 
calibration procedure is used, calculate 
the amount of material injected from 
the peak response using the calibration 
curve or calibration factor in Section 
7.2.2. The concentration in the sample 
can be calculated from equation 2: 

(A)(V,) 
Eq. 2. Concentration, jg/L (Vj)(V 1 ) 
where: 

A - Amount of material injected. in 
nanograms. 

Vi = Volume of extract injected 
(PL). 

= Volume of total extract (giL).Vt 
V, = Volume of water extracted 

(mL). 

calculate the concentration in the 
sample using the response factor (RF) 
determined in Section 7.3.2 and 
equation.3. 

Eq. 3 
(As)(1I )

Concentration. g/L = (A.)(RF)(Vo) 
where: 

As - Response for the parameter to 
be measured. 

A, = Response for the internal 
standard. 

l= =, Amount of internal standard 
to each extract (A). 

= iV, - Volume of water extracted. inliters.Education, 

liters. 
13.2 Report results in micrograms 
per liter without correction for recovery 
data. When duplicate and spiked 
samples are analyzed, repor ail data 
obtained with the sample results. 

13.3 For samples processed as part 
of a set where the laboratory spiked 
sample recovery falls outside of the 
control limits in Section 8.3. data for 
the affected parameters must be 
labeled as suspect. 

14. Method Performance 

14.1 Method detection limits-The 
method detection limit (MDL) is defined 
as the minimum concentration of a 
substance that can be measured and 

reported with 99% confidence that the 
value is above zerolI). Th. MDLconcentrations listed in Table 1 were 
obtained using reagent waterl1 w 
Similar results were achieved using 

representative wastewaters, 
14.2 This method has been tested 
for linearity of recovery from reagent 
water and has been demonstrated to 
be applicable over the concentration 
range from 7 x M'JL to 1000 x 
MDLlOI. 

14.3 In a single laboratory (Battel:e, 
Columbus Laboratories), using spiked 
wastewater samples, the average 
recoveries presented in Table 2 were 
obtained1 2 l. Each spiked samplh was 
analyzed in triplicate on two separate 
days. The standard deviation of the 
percent recovery is also included in 
Table 2. 
14.4 The U.S. Environmental Protec
tion Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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Table 1. Chromatographic Conditions and Method Detection Limits 

Retention Time Method Derectin 
Imin.) Limit (tg/li) 

EC FIDParameter Column 1 Column 2 

Nitrobenzene 3.31 4.31 13. 7 3.6 
2,6.Dinitrotoluene 3.52 4. 75 0.01 -

Isophorone 4.49 5. 72 15.7 5.7 
2,4-Dinitrotoluene 5.35 6.54 0.02 -

Column I conditions: Gas.ChromQ (80/100 mesh) coated with 1.95% OF- 1/1.5% 
0V. 17 packed in a pyrex glass column 1.2 m (4 ft)long x 2 mm or 4 mm ID. 
Nitrogen carrier gas at a flow rate of 44 mL/min was used when determining 
isophorone and nitrobenzene by FID. The Column temperature was isothermal at 
85 0 C. Methane (1 O%i/Argon (90%) carrier gas at flowrate of 44 mL/min was used 
when determining the dinitrotoluenes by ECGC. The column temperature was 
isothermal at 145 0C. 

Column 2 conditions: Gas.Chrom 0 (80/100 mesh) coated with 3% OV- I packedin 

a pyrex glass column 3.0 m (10 ft)long x 2mm or 4 mm ID. Nitrogen carriergas at a 
flowrate of 44 mLimin was used when determining isophorone and nitrobenzeneby 
FID. The column temperature was isothermal at 100 C. Methane (10%)/Argon 
90%) carrier gas flow rate of 44 mUmin was used when determining the 

dinitroltoluenes by ECGC. The column temperature was isothermil, 150OC. 

A 2 mm ID column was used with the FIDGC and a 4 mm ID column was used with 
the ECGC. 

Table 2. Single Operator Accuracy and Precision 

A verege Standard Spike Number 
Percent Deviation Rarqe of Matrix 

Parameter Recovery % (jg/L) Analyses Types 

2,4.Dinitrotoluene 63 3. 1 5-100 21 4 
2, 6-Dinitrotoluene 66 3.2 5-50 24 4 
Isophorone 73 4.6 50-60 21 4 
Nitrobenzene 71 5.9 90-100 24 4 
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Column: 1.5% 0V-.7 +1.95% QF.I 
on Gas Chrom 0 

Column: 1.5% V.17
Temperate85Ch.Temperature. 850 C. 

. . Temperature: 1450 C. 
Detector: Electron capture 

Detector: Flame ionization 

QS 

2 4 6 8 10 12 

Retention time, minutes 

Figure 1. Gas chroinstogram
of nitrobenzene 

and isophorone. 

2 4 6 8 

Retention time, minuts 

Figure 2. Gas chromptogram 

of dinitrotoluenos. 
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United States Environ.nentai Monitoring and 
Environmental Protection 
Agency 

Support Laboratory 
Cincinnati OH 45268 

Research and Development 

Test Method,SEPA 
Polynuclear Aromatic 
Hydrocarbons 

1. Scope and Application 
1.1 This method covers the 
determination of certain polynuclear 
aromatic hydrocarbons (PAH). The 
following parameters may be 
determined by this method: 

Parameter 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo (a) anthracene 
Benzo (a) pyrene 
Benzo 1b) fluoranthene 
Benzo tghi) perylene 
Benzo (k) fluoranthene 
Chrysene 
Dibenzo (a, h) anthracene 
Fluoranthqne 
Fluorene 
Indeno (1. 2. 3-cd) pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

1.2 This is a chromatographic 
method applicable to the 
determination of the compounds listed 
above in municipal and industrial 
discharges as provided under 40 CFR 
136.1. When this method is used to 
analyze unfamiliar samples for any 
or all of the compounds above, 
compound identifications should be 
supported by at least one additional 
qualitative technique. Method 625 
provides gas chromatograph/mass 
spectrometer (GC/MS) conditions 
appropriate for the qualitative and 
quantitative confirmation of results 
for many of the parameters listed in 
Section 1.1, using the extract 
produced by this method. 
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STORET No. CAS No. 

34205 83-32-9 
34200 208-96-8 
34220 120-12-7 
34526 56-55-3 
34247 50-32-8 
34230 205-99-2 
34521 191.24-2 
34242 207-08-9 
34320 218-01-9 
34556 53-70-3 
34376 206-44-0 
34381 86-73-7 
34403 193-39-5 
34696 91-20-3 
34461 85-01-8 
34469 129-00-0 

1.." This method provides for both 
high performance liquid 
chromatographic (HPLC) and gas 
chromatographic (GC) approaches to 
the determination of PAHs. The gas 
chromatographic procedure does not 
adequately resolve the following four 
pairs of compounds: anthracene and 
phenanthrene; chrysene and benzo (a) 
anthracene; benzo (b) fluoranthene 
and benzo (k) fluoranthene; and 
dibenzo (a. h) anthracene and indeno 
(1, 2. 3-cd) pyrene. Unless the 
purpose for the analysis can be served 
by reporting the sum of an unresolved 
pair. the liquid chromatographic 
approach must be used for these 
compounds. The liquid 



chromatographic method does 
resolve all 16 of the PAHs listed. 

1.4 The method detection limit 
(MDL. defined in Setlion 15)" for 

each parameter is listed in Table 1 

The MDL for a specific wastewater 
may differ depending upon the nature 
of interferences in the sample matrix, 

1.5 The sample extraction and 
concentration steps in this method are 
essentially the same as in methods 
606. 608. 609. 611 and 612. 
Therefore, a single sample may be 
extracted to measure the parameters 
included in the scope of each of these 
methods, provided the concentration 
is high enough to permit selecting 
aliquots of the extract for cleanup, 
when required. Selection of the 
aliquots must be made prior to the 
solvent exchange steps of this 
method. The analyst is allowed the 
latitude, under Gas Chromatograph 
(Section 13). to select 
chromatographic conditions 
appropriate for the simultaneous 

measurement of combinations of 
mearmete ofcodetergent 
these parameters 

1.6 Any modification of this method, 

beyond those expressly permitted, 
shall be considered as major 
modifications subject to application 
and approval of alternate test 
procedures under 40 CFR 136.4 
and 136.5. 

1.7 This method is restricted to use 
by or under the supervision of 
analysts experienced inthe use of 

HPLC and GC and in the 

interpretation of liquid and gas 
chromatograrns. Each analyst must 

demonstrate the ability to generate 
acceptable results with this method 
using the procedure described in 
Section 8.2. 
2. Summary of Method 

2.1 A measured volume of sample, 

approximately one-liter, is solvent 
extracted with methylene chloride 
using a separatory funnel. The 
methylene chloride extract is dried 
and concentrated to a volume of 10 
mL or less. The solvent is exchanged 
to cyclchexane prior to cleanup, 
Following clearup, when using HPLC 
for determination of the PAHs. the 

solvent is exchanged to acetonitrile. 
Ultravioletcleanup
dettrsae u d wihfluores hen 
detectors are used with HPLC. When 

cleanupis not required and when 
flame ionization netectorGC is
used for determination, the 

methylene chloride extract may be 
analyzed directly. When cleanup is 
required, the cyclohexane exchange 
is made. Instrumental conditions are 

described which permit tihe separation 
and measurement ofl Ih PAH 

compounds'? 
2.2 A silica gele columnouncenpcleanup2..Aslc 

procedure is provided to aid in the 

elimination of interferences that may 
be encountered 

3. Interferences 
3.1 Method interferences may be 
caused by conraminants in solvents, 
reagents, glassware, and other 
sample processing hardware that lead 
to discrete artifacts and/or elevated 
baselinbs in the chromatograms. All 
of these materials must be routinely 
demonstrated to be free from 
interferences under the conditions of 
the analysis by running laboratory 
reagent blanks as described in 
Section 8.5. 

3.1.1 Glassware must be 
scrupulously cleaned"". Clean all 
glassware as soon as possible after 
use by rinsing with the last solvent 
used in it. This should be followed by

washing with hot water. 

and rinses with tap water and distilled 

water. It should then be drained dry, 

and heated in a muffle furnace at 
4000 C for 15 to 30 minutes. Some 
thermally stable materials, such as 
PCBs. may not be eliminated by 
this treatment. Solvent rinses with 

acetone and pesticide quality hexane 

may be substituted for the muffle 
furnace heating. Volumetric wareshould not be heated in a muffle 
furnace. After drying and cooling. 

glassware should be sealed and 
stored in a clean environment to 

prevent any accumulation of dust or 
other contaminants. Store inverted 
or capped with aluminum foil. 
3.1.2 The use of high ourity 
reagents and solvents helps to 
minimize interference problems. 

Purification of solvents by distillation 
in all.glass systems may be required. 

3.2 Matrix interferences may be 

caused by cotintefrnts that e 
coextracted from the sample. The 

th mextrnt from e l 
extent of matrix interferences wilt 

de rabln soureupo to 
depending upon the nature and 
diversity of the industrial complex ormunicipality being sampled. The 

canup p ein sei 1ca 
procedure inSection 11 can 


be used to overcome many of these
interferences, but unique samples 
may require additional cleanup 
approaches to achieve the MDL listed 
nTle.
 

in Table 1. 
3.3 The extent of interferences that 
may be encountered using liquid 
chromatographic techniques has not 

been fully assessed Although the 
HPLC uonditions (des:rihed allow for a 

unique resolution nf the specific PAH 

compounds covered by this method,other PAH compounds may interfere 

4. Safety 
4.1 The toxicity or carcinogenicity of 
each reagent used in th's method 

has not been precisely defined; 
however, each chemical compound 
should be treated as a potential health 
hazard. From this viewpoint, exposure 
to these chemicals must be reduced 
to the lowest possible level by 
whatever means available. The 
laboratory us responsible for 
maintaining a current awareness file 
of OSHA regulations regarding the 
safe nandling of the chemicals 
specified in this method. A reference 
file of material data handling sheets 
should also be made available to all 
personnel involved in the chemical 
analysis. Additional references to 
laboratory safety are available and 
have tseen identified' - " for the 
infbrmation of the analyst. 

4.2 The following paramenters 

covered by this method have been 
tentatively classified as known or 
suspected, human or mammalian 
carcinogens; benzo (a) anthracene. 
benzo (a) pyrene and dibenzo (a. h) 
anthracene. 

5. Apparatus and Materials 

5.1 Sampling equipment. fordiscrete or composite samphng. r 
5. 1.7 Grab sample bottle -Amber 

glass. one-liter or one-quart volume. 
fitted with screw caps lined with 
Teflon. Foil may be substituted for 

Teflon if the sample is not corrosive 
If amber bottles are not available. 
protect samples from light. The 
container must be washed, rinsed 
with acetone or methylene chloride. 

and dried before use to minirn'?z 
contamination. 

Mus. Automatic sampler (optional). 
Must incorporate glass sample 
containers for the collection of a 
minimum of 250 mL. Sample 
containers must be kept refrigerated 
at 40C and protected from light during 
compositing. It the sampler uses.a 
peristaltic pump, a minimum length of 

compressible silicone rubber tubing 
may be used. Before use, however. 
the compressible tubing should be
thoroughly rinsed with methanol, 
followed by repeated rinsings with 
distilled water to minimize the 

potential for contamination of the 
sample. An integrating flow meter is 
required to collect flow proportional 
composites 
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5.2 Glassware (All specifications are 5.6.5 Stri).chart recorder 
suggested Catalog numbers are collitllit,! will detectors Use of i 

included for illustration only) data system for measuring peak areas 
and retention times is recommended 

5.2.17 Separatory funnel - 2000-mL. 
with Teflon stopcock 5.7 Gas chromatograph - An 

analytical system complete with 
temperature programmable gas5.2.2 	 Drying column 

column 400 mm chromatograph suitable for on-columnChromatographic 
long x 19 mm ID with coarse frit. inlection or splitless injection and all 

5.2.3 Concentrator tube. Kuderna-	 required accessories including 
Danish 	- 10-mL. graduated (Kontes syriges. anatytical columns, gases. 

detector, and strip-chart recorder.K.570050-1025 or equivalent), 
A data system is recommended for

Calibration must be checked at the 
volumes employed in the test. Ground 	 measuring peak areas. 

glass stopper is used to prevent 	 5.7.1 Column - 1.8 m long x 2 mm 

ID pyrex glass pocked with 3% OV-17evaporation of extracts. 
on Chromosorb W-AW-DCMS5.2.4 Evaporative flask. Kuderna-

5.24 Eapoatie Kdera- 120 mesh) or equivalent. Thislas. (100D/ 
Danish . 500-mL (Kontes K-570001 - columncolumn2awasmedused to develop theo elenth 


0500 or equivalent). Attach to retention time data in Table 2. 
concentrator tube with springs. Guidelines for the use of alternate 

column packings are provided in 
Snyder column. Kuderna-5.2.5 

Section 13.Danish three:ball macro (Kontes 

K.503000-0121 or equivalent) 5.7.2 Detector - Flame ionization 

This detector has proven effective in
5.2.6 Snyder column. Kuderna-
Danish - two-ball micro (Kontes the analysis of wastewaters for the 

K-569001-0219 or equivalent), compounds listed in the scope 
excluding the four pairs of unresolved 

5.2.7 Vials - Amber glass. 10- to compounds listed in Section 1 3. 
15- mL capacity, with Teflon-lined Guidelines for the use of alternate 

screwcap. detectors are provided in Section 

5.2.8 Chromatographic column - 12.2. 
250 mm long x 10 mm ID with ,;oarse 6. Reagents 
fritted disc at bottom and Teflon 

- Reagent waterstopcock. 	 6.1 Reagent water 
is defined as a water in which an 

5.3 Boiling chips - approximately interferent is not observed at the 
10/40 mesh. Heat to 400C for 30 MDL of each parameter of interest,
minutes or Soxhlet extract with 

6.2 Sodium thiosulfate - (ACS)
methylene chloride. Granular. 

Water bath -Heated, with5.4 ate bah eatd.
ith7.2 5.4 	
Cyclohexane. methanol, acetone. 

concentric ring cover, capable of 	 6.3 
-The bath methylene chloride, and pentane

temperature control (±2 0 C). 
should be used in a hood. Pesticide quality or equivalent. 
5.5 Balance -Analytical, capable of 	 6.4 Acetonitrile. high purity HPLC 


a.5uala -	 na capable of l6.A itile igh 

accurately weighing 0.0001g. 	 quality, distilled in glass. 

6.5 Sodium sulfate - (ACS) 
Granular. anhydrous. Purify by 

5.6 High performance liquid 
chromatographic apparatus (modular): 

heating at 400*C for four hours 

5.6.1 Gradient pumping system, in a shallow tray. 

constant flow. 6.6 Silica gel - Grade 923 (100/200 


mesh) dessicant (Davison Chemical or
5.6.2 Reverse phase column, 5 

x 2.6 equivalent). Before use. activate for at 
micron HC-ODS Sil-X, 250 mm 


least 16 hours at 
130'C in a shallow 
mm ID (Perkin-Elmer No. 089-0716 or 

glass tray. loosely covered with foil.
equivalent), 

5.6.3 Fluorescence detector, for 6.7 Stock standard solutions (1.00 
excitation at 280 nm and emission Ig/pL) - Stock standard solutions can 
greater than 389 nm cutoff (Corning be prepared from pure standard 

3-75 or equivalent). Fluorometers materials or purchased as certified 

should have dispersive optics for solutions. 
excitation and can utilize either filter 6.7. 1 Prepare stock standard 

or dispersive optics at the emission solutions by accurately weighing 

detector. about 0.0100 g of pure material, 

Dissolve the material :n HPLC quality5.6.4 UV detector. 254 nm,coupled 
to fluorescence detector. acetonitrie. dilute to volume in a 10-

mL volumetric flask Larger volumes 
(;illIus Ui(I tile c(invefielnCe ol tifih lit 
ana':st If compound purity is citrtlfied 
at 96% or greater. the weight can be 
used without correction to calculate 
the concentration of the stock 

stock stancards can be used at any 
cocentan if te are t y 
the manufacturer or by an 

independent source. 

6.7.2 Transfer the stock standard 

solutions into Teflon-sealed screw-cap 
bottles. Store at 4"C and protect fromlight. Stock standard solutions should 
be checked frequently for signs of 

degradation or evaporation, especially 
dustapiono eporation
 

just prior to preparing calibration 
standards from them. Quality controlcheck standards that can be used to 
determine the accuracy of calibration 
standards will be availabte from the 

Protection 

Agency. Environmental Monitoring 
U.S Environmental 

and Support Laboratory. Cincinnati. 

Ohio 45268. 

6.7.3 Stock standard solutions must 
be replaced after six months, or 
sooner if comparison with check 
standards indicate a problem. 

7. Calibration
 

7.1 Establish liquid or gas 
chromatographic operating 
parameters to pioduce resolution of 
the parameters equivalent to that 
indicated in Tables 1 or 2. The 
chromatographic system can be 
calibrated using the external standard
technique (Section 7.2) or the internal 
standard technique (Section 73). 

External standard calibration 
procern 
procedure

7.2.1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest 
by adding volumes of one or more 

stock standards to a volumetric flask 
and diluting to volume with 
acetonitrile. One of the external 
standards should be at a 
concentration near. but above. the 

MDL and the other concentratcns
 

range of concentrations found in real 

samples or should define the working 
range of the detector. 

7.2.2 Analyze each calibration 
standard (5 to 25 pL for HPLC and 2 
to 5 14 for GC).and tabulate peak 
height or area responses against the 

mass injected. The results may be 
used to prepare a calibration curve for 
each compound. Alternatively. if the 
ratio of response to amount inlected 

(calibration factor) is a constant over 
the working range (- 10% relative 
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standard deviation. RSD). linearity 
tiirotigi the origin can he assumed 
and the average ratio or calibration 
factor can be used in place of a 
calibration curve 

7.2.3 The working calibration curve 
or calibration factor must be verified 
on each working day by the 
measurement of one or more 
calibration standards If the response 
for any parameter varies from the 
predicted response by more than 
=100o. the test must be repeated 
using a fresh calibration standard. 
Alternatively. a new calibration curve 
or calibration factor must be prepared 
for that compound 

7.3 	 Internal standard calibratin 
procedure. To use this approach, the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 
of interest The analyst must further 
demonstrate thdt the measurement of 
the internal standard is not affected 
by method or matrix interferences 
Because of these limitations, no 
internal standard can be suggested 
that is applicable to all samples. 

7.3. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest 
by adding volumes of one or more 
stock standards to a volumetric flask. 
To each calibration standard, add a 
known constant amount of one or 
more interrinl 31andards, and dilute to 

volume with acatonitrile. One of the 
standards should be at a concen-y 

tration near, but above, the MDL 
and the other concentrations should 
correspond to the expected range of 
concentrations found in real samples 
or should define the working range of 
the detector 

7.3.2 Annly e each calibration 

eakbeto 5pL or C)to 5 for 5LGC) and tabulate peak 
height or area responses against 
concentration for each compound 
and internal standard, and calculate 
response factors (RF) for each 
compound using Equation 1. 

Eq. 1 RF =(AC,)/(A,, C,) 
where: 

A, =Response for the parameter to 
be measured. 

A. 	 =Response for the internal 
standard. 

C,, =Concentration of the internal 
standard. (/Jg/L). 

C, =Concentration of the parameter 
to be measured. (pg/L). 

If the RF value over the working range 
is a constant I< 10% RSD). the RF can 

be assumed to be invariant and the 
average RF can be uspd for calcula-
tions Alternatively. the results can be 
used to plot a calibration curve of 
response ratios. A.. A., vs. RF. 

7.3.3 The working calibration curve 
or RF must be verified on each 
working day by the measurement of 
one or more calibration standards. If 
the response far any parameter varies 
from 	the predicted response by more 
than 10%. the test must be repeated 
using a fresh calibration standard. 
Alternatively. a new calibration curve 
must be prepared for that compound. 

7.4 Before using any cleanup 
procedure, the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and the absence of 
interferences from the reagents. 

8. Quality Control 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality control program The minimum 
requirements of this program consist 
of an initial demonstration of labora-

tory capability and the analysis of 
spiked samples as a continuing check 
on performance. The laboratory is 
required to maintain performance 
records to define the quality of data 
that is generated Ongoing perform
ance checks must be compared with 

established performance criteria 
to determine if the results of 
analyses are within accuracy and 
precision limits expected of the 
method. 

8.7.1 Before performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision 
with this method. This abili!y is 
established as described in Section 

nd tbulte8.2. 
8. 1.2 In recognition of the rapid 
advances that are occurring in 

chromatography, the analyst is 
permitted certain options to improve 
the separations or lower the cost of 
measurements. Each time such 
modifications are made to the method, 
the analyst is required to repeat the 

procedure in Section 8.2. 
8.1.3 The laboratory must spike 
and analyze a minimum of 10% of 
all samples to monitor continuing 
laboratory performance. This 
procedure is described in Section 8.4. 
8.2 To establish the ability to 

generate acceptable accuracy and 


prerision. the analyst must perjorm 
the following operations. 
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8.2.1 Select a representative spike 
concenlratio( for each compoind to 
be measured. Usiny stock standards. 
prepare a qualily control check sample 
concentrate in acetronitrile 1000 
times more concentrated than the 
selected concentrations. Quality
control check sample concentrates. 
appropriate for use with this method. 
will be available from the U.S 
Environmental Protection Agency, 
Environmental Monitoring and 
Support Laboratory, Cincinnati. Ohio 
45268. 

8.2.2 Using a pipet. add 1 00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL 
aliquots of reagent water A 
representative wastewater may be 
used in place of the reagent water. 
but one or more additional aliquots 
must be analyzed to determine 
background levels, and the spike level 
must exceed twice the background 
level for the test to be valid. Analyze 
the aliquots according to the method 
beginning in Section 10 

8.2.3 Calculate the average percent 
recovery. (R), and the standard 

deviation of tin percent recovery (s). 
for the results Wastewater 
background corrections must be made 
before R and s calculations are 
performed. 

8.2.4 Using Table 3. note the 
average recovf)y (X) and standard 
deviation (p) e~pected for each method 
parameter. Compare these to the 

If s >calculated values for R and s. 
2p or IX-RI > 2p. review potential
problem areas and repeat the test. 

8.2.5 The U.S. Environmental
 
Protection Agency plans to estab
lish performance criteria for R and
 
s based upon the results of inter
laboratory~tqi.tng When they 

become available, these criteria mustmet before any samples may be 
analyzed. 

8.3 The analyst must calculate
 
method performance criteria and
 
,refine the performance of the
 
laboratory for each spike
 
concentration and parameter
 
being mea5&e.d.
 

8.3.1 Calcdlate upper and lower 
control limits for method performance: 

Upper Control Limit (UCL) R - 3 s 
Lower Control Limit (LCL) R - 3 s 

where R and s are calculated as in 
Section 8.2.3. 
The UCL and LCL can be used to 

' construct control charts that are 
useful in observing trends in perfor



mance The control tims above must 
ie replaced by 111etiod perlorman :e 

criteria as they become available from 
the U S Environmental Protection 
Agency 

8.3.2 The laboratory must develop 
and maintain separate accuracy 
statements of laboratory performance 
for wastewater samples. An accuracy 
statement for the method is defined 
as R - s The accuracy statement 
should be developed by the analysis 
of four aliquots of wastewater as 
described in Section 8.2.2. followed 
by the calculation of R and s 
Alternately. the analyst may use four 
wastewater data points gathered 
through the requiremeit for 
continuing quality control in Section 
8.4. The accuracy statements should 

' ' 
be updated regularly 

8.4 The laboratory is required to 

collect a portion-of their samples in 
duplicate to monitor spike recoveries, 
The frequency of spiked sample 
analysis must be at least 10% of all 
samples or one sample per month, 
whichever is greater One aliquot of 
the sample must be spiked and 
analyzed as described in Section 
8.2. If the recovery for a particular 

parameter does not fall wvthin the 

control limits for method performance, 
the results reported for that parameter 
in all samples processed as part of 
the same set must be qualified a5 
described in Section 14.3. The 
laboratory should monitor the 
frequency of data so qualified to 
ensure that it remains at or below 5%. 

8.5 Before processing any samples. 

the analyst should demonstrate 

through the analysis of a one-liter 

aliquot of reagent water, that all 
glassware and reagents interferences 
are under control. Each time a set of 

samples is extracted or there is a 
change in reagents.da bh p ass laboratorye 
reagent blank should be processed as 
a safeguard against laborator 
contaminnation. 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specific practices that 
are most productive depend ., "-nthe 
needs of the laboratory and the nature 
of the samples. Field duplicates may 
be analyzed to monitor the precision 
of the sampling technique. When 
doubt exists over the identification 
of a peak on the chromatogram. 
confirmatory techniques such as 
chromatography with a dissimilar 
column or detector must be used. This 
may include the use of a mass 
spectrometer Whenever possible. the 

laboratory should perform analysis ol 
siandard referencet mwri:rals and 
participate in relevant performan:P 
evaluation studies. 
9. Sample Collection. 

Preservation, and Handling 

9.1 Grab samples must be collected 
in glass containers Conventional 
sampling practices"' should be 
followed, except that the bottle must 
not be prewasl"id with sample before 
collection. Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. 
Automatic sampling equipment muSt 
be as free as possible of Tygon tubing 
and other potential sources of 
contamination, 
9.2 The samples must be iced or 

refrigerated at 4'C from the timeof 

collection until extraction. PAHs'are 

known to be light sensitive, therefore, 
samples. extracts and standards 

should be stored in amber 
or foil 

wrapped bottles in order to minimize 
photolytic decomposition. Fill the 
sample bottle and. if residual chlorine 
is present, add 80 mg of sodium 
thiosulfate per liter of sample. U.S. 
Environmental Protection Agency 
methods 330.4 and 330.5 may be 
used for measurement of residual 
chlorine"9 ' Field test kits are available 
for this purpose. 
9.3 All samples must be extracted 
within 7 days. and analysis completed

2
within 40 days of extraction ' ' 

10. Sample Extraction 
Mark the water meniscus on 

the side of the sample bottle for later 
Pour 

10.1 

determination of sample volume 
the entire sample into a two-liter 

separatory funnel. 


10.2 Add 60 mL methylene chloride 
tblankIn. 

.grfn. 

Transfer the solvent to the s. 


seconds to rinse the inner 
Y 

lunne and extract the samole by 

"shaking the u for two minutes 
with periodic venting to release 
excess pressure. Allow the organic 
layer to separate from the water 
phase for a minimum of ten minutes. 
If the emulsion interface between 
layers is more than one-third the 
volume of the solvent layer, the 
analyst must employ mechanical 
techniques to complete the phase 
separation. The optimum technique 
depends upon the sample, but may 
include stirring, filtration of the 
emulsion through glass wool. 

centrilugation. or other physical 

methods Collect the methylene 


chloride extract in a 250-mL 
ErhIvi ilt:yr flask 
10.3 Add a second 60mL volume of 
metAiylene chloride to the sample 
bottle, rinse and repeat the extraction 

procedure a second time. combining 
the extracts in the Erlenmeyer flask 
Perform a third extraction in the same 
manner 

10.4 Assemble a Kuderna-Danish 
(K-D) concentrator by attaching a 10
mL concentrator tube to a 500-mL 
evaporative flask. Other concentration 
devices or techniques may be used in 
place of the K-D if the requirements 
nt Section 8 2 ar. met 

10.5 Pour the combined extract 
through a drying column containingabout 10 cm of anhydrous sodumn 
sulfate, and collect the extract in 

thethe KD concentrator Rnse 

Erlenmeyer flask and column with 20 

to 30 mL of methylene chloride to 
complete the quantitative transfer. 

10.6 Add one or two clean boiling 
chips to the evaporative flask and 
attach a three-ball Snyder column. 
Ptewet the Snyder column by adding 
about 1 mL methylene chloride to the 
top. Place the K-D apparatus on a hot 
water bath (60 to 65 C) so that 
the concentrator tube is partially 
immersed in the hot water, and the 
entire lower rounded surface of the 
flask is bathed with hot vapor. Adlust 
the vertical position of the apparatus 
and the water temperature as 
required to complete the concen
tration in 15 to 20 minutes At the 

proper rate of distillation the balls 
of the column will actively chatter but 

the chambers will not flood with 
condensed solvent When the 
apparent volume of liquid reaches 1 
mL. remove the K-0 apparatus and 
allow it to drain and cool for at least 
10 minutes. Remove the Snyder 
column and rinse the flask and its 
lower joint into the concentrator tube 
with 1 to 2 mL of methylene chloride. 

A 5-mL syringe is recommemded for 
this operation. Stopper the 
concentrator tube and store 
refrigerated if further processing will 
not be performed immediately. If the 
extracts will be stored longer than 
two days. they should be transferred 
to Teflon-sealed screw-cap bottles 
and protected from light. 

10.7 Determine the original sample 
volume by refilling the sample bottle 
to the mark and transferring the water 
to a 1000-mL graduated cylinder 
Record the sample volume to the 
nearest 5 mL. 
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11. Cleanup and Separation Elt=i,: o:Iuii willh 25 mL 12.6 the retention time11.3.4 the The width of 
pi-,ti
11. 1 Cleanup pruce re may of meiltivleiii, chli(lir uh ane 14 - 6) window tisi i to make irlentificat ions 

(V V)anl coillect tile tIluate in a 500. should be hased upon measurementsht. nt-essarv tol a relaitivelv c:t;,'n 
The cleanup mL KD flisk *!quitp d with a 10-mL of actual retention time variations ofsample matrix 

procedures recoinmeided inthis :un.untrator tube Elulion of the standards over the course of a day 
column should he at a rate of about 2 Three times the standard deviation ofmethod have been ised for the 

analysis of various clein waters and mL min a retention time for a compound can 
Concentrate the collected be used to calculate a suggestedindustrial etfluents If particular 11.3.5 

fraction to less than 10 mL by K-D window size. however, the experiencecircumstances demand the use of an 
of the analyst should weigh heavily inalternative cleanup procedure, tile techniques as in Section 10.6. using 

analyst must determine t;) elution pt.ntane to rinse the walls of the glass- the interpretation of chromatograms. 
profile and demonstrate that tile ware Proceed with HPLC or GC 12.7 If the peak height or area 
recovery of each compound of interest analysis. exceeds the linear range of the 
is no less than 850o system, dilute the extract with 

11.2 Before the silica gel cleanup 12. High Performance Liquid acetonitrile and reanalyze. 
technique can be dtilized. tile extract Chromatography (HPLC) 12.8 If the peak area measurement 
solvent must be exchanged to cyclo
hexane Add a 1. to 10- mL aliquot 12.1 To the extract in the is prevented by the presence of 
of sample extract lin methylene concentrator tube, add 4 mL of interferences, further cleanup is 
chloride) and a boiling chip to a clean acetonitrile and a new boiling chip. required. 
K-D concentrator tube Add 4 mL then attach a micro-Snyder column. 
cvclohexane and attach a micro- Increase the temperature of the hot 13. Gas Chromatography 
Snvder column Prewet the micro- water bath to 95 to 100"C. 
Snvder column by adding 0.5 mL , Concentrate the solvent as in Section 13.1 The packed column GC 
methylene chloride to the top Place 10. After cooling, remove the micro- procedure will not resolve certain 
the micro-K.D apparatus on a boiling Snyder column and rinse its lower isomeric pairs as indicated in 
(100 C) water bath so that the joint into the concentrator tube with Section 1 3 and Table 2. The liquid 
concentrator tube is partially about 0.2 mL acetonitrile. Adjust the chromatographic procedure (Section 
immersed in the not water Adjust the extract volume to 1 0 mL. 12) must be used for these materials 
vertical position of the apparatus and Capillary (open-tubular) columns 
the water temperature as required to 12.2 Table 1 summarizes the may be used if the relative standard 
complete concentration in 5 to 10 recommended HPLC column materials deviations of responses for replicate 
minutes At the proper rate of and operating conditions for the injections are demonstrated to be 
distillation the balls of the column will instrument. This table includes less than 6% and the requirements 
actively chatter but the chambers will retention times, capacity factors, and of Section 8.2 are met. 
not flood. When the apparent volume MDL that were obtained under these 
of the liquid reaches 0.5 mL. remove conditions. The UV detector is 13.2 To achieve maximum 
the K-D apparatus and allow it to recommended for the determination sensitivity with this method, the 
drain for at least 10 minutes while of naphthalene, acenaphthylene. .:'1xtractmust be concentrated to 1.0 
cooling Remove the micro-Snyder acenapthene. and fluorene. and '"fnL. Add a clean boiling chip to the 
column and rinse its lower joint the fluorescence detector is methylene chloride extract in the 
into the concentrator tube with a recommended fOr the remaining concentrator tube. Attach a two-ball 
minimum of c'iclohexane Adjust the PAHs. Examples of the parameter micro-Snyder column. Prewet the 
extract volume to about 2 mL. separations achieved by this HPLC micro-Snyder column by adding about 

column are shown in Figures 1 0.5 mL of methylene chloride to the 
11.3 Silica gel column cleanup for and 2. Other HPLC columns, top. Place the micro K-D apparatus on 
PAHS chromatrograpic conditions or a hot water bath (60 to 65'C) so that 

11.3. 1 Prepare a slurry of lOg detectors may be used if the the concentrator tube is partially 
activated silica gel in methyl;ie requirements of Section 8.2 are met. .,ennmmersed in the hot water. Adlust the 
chloride and place this in a 1C ,amID ",'vertical position of the apparatus and 
chromatography column Gently tap 12.3 Calibrate the system daily as the water temperature as required to 
the column to settle the silica gel and described in Section 7. complete the concentration in 5 to 
elute the methylene chloride. Add I to 12.4 If the internal standard 10 minutes At the proper rate of 
2 cm of anhydrous sodium sulfate to approach is being used, the internal distillation the balls will actively 
the top of the silica gel. standard must be added to sample chatter but the chambers will not 

11.3.2 Preelute the column with 40 extract and mixed thoroughly, flood. When the apparent volume of 

mL of peniane Discard the eluate and immediately, before injection into the liquid reaches 0.5 mL.remove the 
prior to exposure of the sodium iust K-D apparatus. Drain and cool for atnstrument. 

uleast 10 minutes. Remove the micro
sulfate layer to the air. transfer tne 2 12.5 Intect 5 to 25 JL of the sample-°: Snyder column and rinse its lower 
mL of cyclohexane sample extract extract using a high pressure syringe joint into the concentrator tube with a 
onto the column, using an additional or a constant volume sample inlection small volume of methylene chloride. 
2 mL of cyclohexane to complete the loop. Record the volume injected to Adjust the final volume to 1 0 mL and 
transfer the nearest 0.1 pL,and the resulting stopper the concentrator tube. 
11.3.3 Just prior to exposure of the peak size in height or area units. Re
sodium sulfate layer to the air. add 25 equilibrate the liquid chromato- 13.3 Table 2 describes the 
mL pentane and continue elution of graphic column at the initial recommended GC column and 
the column Discard the pentane gradient conditions for at least 10 operating conditions for the 
eiuate minutes between injections. instrument. This table includes 
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retention tiS that were obtained 
Urnoer these conditins Ae aine 
of the parameter reparations achieved 
by this column is shown in Figure 3 
Other packed columns, chromato-
graphic conditions, or detectors 
may be used if the requirements 
of Section 8.2 are met. Capillary 
(open-tubular) columns may also be 
used if the relative standard 
deviations of responses for replicate 
injections are demonstrated to be less 
than 60,, and the requirements of 
Section 8.2 are met. 

13.4 Calibrate the GC 
system daily as described in 
Section 7 

13.5 If the internal standard 
approach is being used. add the 
internal standard to sample extract 
and mix thoroughly. immediately. 
before injection into the instrument, 

13.6 Inject 2 to 5 jiL of the 
sample extract using the solvent-
flush technique' 0 1 Smaller 
(1 0 /L)volumes may be inlected if 
automatic devices are employed. 
Record the volume injected to the 
nearest 0.05 pL. and the resulting 
peak size in area or peak height units. 

13.7 The width of the retention time 
window used to make identifications 
should be based upon measurementsof actual retention time variations of 

standards over the course of a day. 
Three times the standard deviation of 
a retention time for a compound can 
be used to calculate a suggested 
window size; however, the experience 
of the analyst should weigh heavily in 
the interpretation of chromatograms. 

13.8 If the response for the peak 
exceeds the working range of the 
system, dilute the extract and 
reanalyze 

13.9 If the measurement of the 
peak response is prevented by the 
presence of interferences. further 
cleanup is required. 

14. Calculations 

Determine the concentration of14.1 	 .oindividual paameter snthe stam 
individual parameters in the sample. 

c4..7i If the external standard 
calibration procedure is used, 
calculate the amount of materialinjected from the peak response using 

the calibration curve or calibration 
factor in Section 7 2.2. The 
concentration in the sample can be 
calculated from Equation 2: 

E2(A)(V,) 

Eq 2VCncntratin. ,q.L jV,)(V.) 

where 


A Amount of material injected, in 
nanogram.s 
Volume of extract injected (pjL).V. 
Volume of total extract (/jL).V, 


V. 	 Volume of water extracted (mL). 

14.1.2 If the internal standard 
calibration procedure was used. 
calculate the concentration in the 
sample using the response factor (RF) 
determined in Section 7.3.2 and 
Equation 3. 

(AH)(l) 
Eq. 3. Concentration. Jg/L - (AXRFNVo) 

where: 
A, Response for the parameter to 

be measured. 
A., . Response for the internal 

standard.. . 

I, Amount of internal standard 
added to each extract (ug). 
Volume of water extracted.V0 in liters. 

14.2 Report results in micrograms 
perliter without correction for 
recovery data. When duplicate and 
spiked samples are analyzed. report 
all data obtained with the sample 
results. 

14.3 For samples processed as part
of a set where the laboratory spiked 

sample recovery falls outside of the 
control limits established inSection 

assuspct.tutemustbe lbeld8 4. data for the affected parameters 
must 	be labeled as su~pect. 
15. Method Performance 

15.1 Method detection limits -

The method detection limit (MDL) is 
defined as the rinimum concen-
tration of a substance that can be 
measured and reported with 99% 
confidence that the value is above 

zero"'. The MDL concentrations listed 
in Table 1 were obtained using 
reagent water"". Similar results 

were achieved using representative 

wastewaters. MDL for the GC 

approach were not determined. 


15.2 This method has been tested 

fo, linearity of recovery from spiked 


re. 	 .at water and has been 
demonstrated to be applicable over 
the concentration range from 8 x MDL 
to 800 x MDLil". with the following 
exception: benzo(ghi)perylene recovery 
at 80 x and 800 x MDL were low 
(35%and 45% respectively). 

15.3 In a single laboratory (Battelle 
Columbus Laboratories), using spiked 
wastewater samples, the average 
recoveries presented in Table 3 were 
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obtained' " Each spiked sample was 
anilyzed in triplicate on two st-param' 
days Tht standard deviation of the 
precent recovery isalso included in 
Table 3 

The U.S Environmental 
Protection Agency isin the process 
15.4 


ofmethodstud toan fullyabdefne the 

performance of this method. 
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Table I. High Performance Liquid Chromatoyraphy Conditions arid Method 
Deteciiui Linits 

Capiacity Melltid 
Retention Time Factor Detection Limit 

Parameter (rMn_) (/jg/L 

Naphthalene 
AcenaphthVlene 
Acenaphthene 
Fluorene 
Phenanthrene 

16 6 
18.5 
20.5 
21.2 
22.1 

12.2 
73.7 
15.2 
15.8 
16.6 

18 
2 3 
18 
0.21 
0.64 

Anthracene 
Fluoranthene 

23.4 
24.5 

17.6 
18.5 

0.66 
0.27 

Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzcqb)fluoranthene 

25.4 
28.5 
29.3 
31.6 

19. 1 
21 6 
22.2 
24.0 

0.27 
0.013 
0.15 
0.018 

Benzolkiflouranthene 32.9 25. 1 0.01 7 

Benzofalpyrene 
Dibenzo(a.h)anthracene 
Benzo(ghi)perylene 
lndeno(7.2.3cdpyrene 

33.9 
35.7 
36.3 
37.4 

25.9 
27.4 
27 8 
28.7 

0.023 
0.030 
0.076 
0.043 

250 mm Perkin-ElmerHPLC conditions: Reverse phase HC-ODS SilX 2.6 mm x 
column. isocratic elution for 5 mm using acetonitrile/water (4 ' 61. then linear 

gradient elution to 1 0 0 acetonitrile over 25 minutes: flow rate is 0.5 mL/min. 

If columns having other internal diameters are used, the flow rate should be 
adiusted to maintain a linear velocity of 2 mm/sec. 
8The method detection limit for naphthalene, acenaphthylene acenaphthene. 
and fluorene were determined using a UV detector. All others were 
determined using a fluorescence detector. 

Table 2. Gas Chromatographic 
Operating Conditions 
and Retention Times 

Parameter Retention Time 
(mini 

Naphthalene 4.5 
Acenaphthylene 70.4 
Acenaphthene 10.8 
Fluorene 12.6 
Phenanthrene 15.9 
Anthracene 15.9 
Fluoianthene 19.8 
Pyrene 20.6 
Benzo(a)anthracene 20.6 
Chrysene 24.7 
Benzolb)fluoranthene 28.0 
Benzo(k)fluoranthene 28.0 
Benzo(a)pyrene 29.4 
Dibenzota.h)anthracene 36.2 
Indeno(7.2.3-cd)pyrene 36.2 
Benzo(ghi)perylene 38.6 

GC conditions: Chromosorb W.AW- = 
DCMS (t100/120 mesh) coated with 
3% OV. 1 7. picked in a 1,8 m long x 
2 mm ID glass column, with nitrogen 
carrier gas at a flow rate of 40 mL/ 
min. Column temperature was held 
at IOa'C for 4 min. then pro
grammed at 8/minute to a final 
hold at 280"C. 
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Table 3 Single Operator Accuracy and Precision 

Average Standard Spike Number 

Percent Deviatiot Range of MatrixParameter 
Recovery % (ipg/L) Analyses Types 

88 5.7 11.6-25 24 4
Acenaphthene 

93 6.4 250-450 P4 4
Acenaphthylene 

93 6.3 7.9.11.3 24 4
Anthracene 

89 6.9 0.64.0.66 24 4
Benzola)anthracene 

94 7.4 0.21.0.30 24 4
Benzo(a)pyrene 

97 12.9 0.24.0.30 24 4
Benzo(b)fluoranthene 

86 7.3 0.42.3.4 24 4
Benzo(ghi)perylene 

94 9.5 0.14.6.2 24 4
Benzo(k)fluoranthene 

88 9.0 2.0.6.8 24 4
Chrysene 

87 5.8 0.4.1.7 24 4
Dibenzo(a.h)anthracene 

176 9.7 0.3-2.2 24 4Fluoranthene 
90 7.9 6.1-23 24 4Fluorene 

Indeno(7.2.3-cd)pyrene 94 6.4 0.96-1.4 24 4 
78 8.3 20-70 24 4Naphthalene 
98 8.4 3.8.5.0 24 4Phenanthrene 
96 8.5 2.3.6.9 24 4Pyrene 

Column: HC-ODS SIL-X
 
Mobile phase: 40% to 100% Acetonitrile in water
 
Detector: Ultra violet at 254nm
 

4C
 
Sr 

-S C% 
8 4 e~ 3 

Q C 

4 8 12 16 20 24 28 32 36 

Retention time. minutes 

Figure 1. Liquid chromatogram of polynuclear 
aromatic hydrocarbons. 
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Column" HC.ODS SIL.X
 
Mobile phase. 40% to 10 0 0/a Acetonitrile
 

in water
 
Detector: Fluorescence
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Figure 2. 	 Liquid chromatogram of polynuclear 
aromatic hydrocarbons. 

Column. 3% OV- 77 on Chromosorb W-A W-DCMS 
Program: 1000C. 4 min..8 0 per min. to 2800C. 
Detector: Flame ionization 
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Figure 3. Gas chromatogram of polynuclear 
aromatic hydrocarbons. 
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United States 
Environmental Protection 
Agency 

Research and Development 

SEPA Test Method 

Haloethers 
Method 611 

1. Scope and Application 

1.1 This method covers the 
determination of certain haloethers. 
The following parameters can be 
determined by this method: 

Parameter 

Bis(2-chloroethvl) ether 
Bis(2-chloroethoxy) methane 
Bs(2.chloroisopropyl) ether 
4.Bromophenyl phenyl ether 
4-Chlorophenyl phenyl ether 

1.2 This is a gas chromatographic 
(GC) method applicable to the 
determination of the compounds listed 
above in municipal and industrial 
discharges as provided under 40 CFR 
136.1. When this method is used to 
analyze unfamiliar samples for any 
or all of the compounds above. 
compound ,dentJications should be 
supported by at least one additional 
qualitative technique. This method 
describes analytical conditions for a 
second GC column that can be used 
to confirm measurements made 
with the primary column. Method 625 
provides gas chromatograph/ mass 
spectrometer (GC/MS) conditions 
appropriate for the qualitative and 
quantitative confirmation of 
results for all of the parameters 
listed above, using the extract 
from this method. 

1.3 The method detection limit 
' 

(MDL. defined in Section 14.1)1 for 
each parameter is listed in Table 1. 
The MDL for a specific wastewater 
may differ from that listed, depending 
upon the nature of interferences in 
the sample matrix, 

6111 July 1982 

Environmental Monitoring and 
Support Laboratory 
Cincinnati OH 45268 

STORET No. CAS No. 

34273 111.44-4 
34278 111-91-1 
34283 108-60-1 
34636 101-55-3 
34641 7005-72-3 

1.4 The sample extraction and 
concentration steps in this method are 
essentially the same as in methods 
606. 608. 609. and 612 Thus, a 
single sample may be extracted to 
measure the parameters included in 
the ;cope of each of these methods. 
When cleanup is required. tne 
concentration levels must be high 
enough to permit selecting aliquots. 
as necessary, to apply appropriate 
cleanup procedures. The analyst is 
allowed the latitude, under Gas 
Chromatography (Section 12). to 
select chromatographic conditions 
appropriate for the simultaneous 
measurement of combinations of 
these parameters 

1.5 Any modification of this method. 
heyond those expressly permitted. 
s:iall be considered as malor 
riodifications sublect to application 
and approval of alternate test 
procedures under 40 CFR 136 4 
and 136 5 

1.6 -This method is restricted to 
use by or under the supervision of. 
analysts experienced in the use of 



gas chromatograpliv and in the 
interDretation of gas chromatoqrams 
Eacn analyst must demonstrate the 
aDflit to qeetraei-iccv:ol)tbli resLilt.; 
with this method using the procedure 
described in Section 8 2 

2. Summary of Method 
2.1 A measured volume of sample. 
approximately one-liter. is solvent 
extracted with methylene chloride 
using a separatory funnel The 
methylene chloride extract is dried 
and exchanged to hexane during 
concentration to a volume of 10 mL or 

less GC conditions are described 

which permit the separation and 

measurement of the compounds in 
the extract using a halide 
specific detector' 

2.2 The method provides a Florisil 
column cleanup procedure to aid in 
the elimination of interferences that 
may be encountered. 

3. Interferences 

3.1 Method interferences may be 

caused by contaminants in solvents, 

reagents. glassware. and other 

sample processing hardware that lead 

to discrete artifacts and/or elevated 

baselines in gas chromatograms. All 
of these materials must be routinely 
demonstrated to be free from 
interferences under the conditions of 
the analysis by running laboratory 

, .an 
reagent blanks as described nr 
Section 85 

3. 1.1 Glassware must be 

scrupulously cleaned. '3 ' Clean all 


glassware as soon as possible after 


use by rinsing with the last solvent 

used in itThis should be followed by 
detergent washing with hot water. 
and rinses with tap water and reagent 
water It should then be drained dry, 
and heated in a muffle furnace at:
400'C for 15 to 30 minutes. Some 

thermally stable materials, such as 

PCBs. may not be eliminated by this 

treatment. Solvent rinses with 

acetone and pesticide quality hexane 
may be substituted for the muffle 
furnace heating. Volumetric ware 
should not be heated in a muffle 

furnace After drying and cooling, 

glassware should be sealed and 


stored in a clean environment to 

preventany or
accumulation of dust 

preventanants. of dust or 

other contaminants. Store inverted or 

capped with aluminum foil. 

3. 1.2 The use of high purity 
reagents and solvents helps to 
minimize interference problems. 
Purification of solvents by distillation 

in all-glass systems may be required. 

3.2 Matrix interferences may be 
caused by contaminants that are 
coextraciled Irom Ihei,sain li:The 

xiipi of inat rix in .terfelrenceswilt 
vary considerably from source to 
source, depending upon the nature 
and diversity of the industrial complex 

or municipality being sampled The 
cleanup procedures in Section 11 can 
be used to overcome many of these 
interferences, but unique samples 
may require additional cleanup 
approaches to achieve the MDL listed 
inTable 1. 

3.3 Dichlorobenzenes are known to 

coelute with haloethers under some 

gas chromatographic conditions If 

these materials are present together 
in a sample, it may be necessary to 
analyze the extract with two different 
column packings to completely resolve 
all of the compounds. 

4. Safety 
4.1 The toxicity or carcinogenicity of 

each reagent used in this method has 

not been precisely defined; however, 

each chemical compound should be 

treated as a potential health hazard. 

From this viewpoint, exposure to 

these chemicals must be reduced to 

the lowest possible level by whatever 

means available. The laboratory is 
responsible for mantaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. 
A reference file of material data 
handling sheets should also be mad,! 
available to all personnel involved in 

the chemical analysis. Additional 
references to laboratory safety are 

' " 6 
available and have been identified 

for the information of the analyst 

5. Apparatus and Materials 
5.1 Sampling equipment. for 
discrete or composite sampling. 

5. 1.1 Grab sample bottle - Amber 


glass, one-liter or one-quart volume, 


fitted with screw caps lined with 

Teflon. Foil may be substituted for 

Teflon if the sample is not corrosive. 
If amber bottles are not available, 
protect samples from light. The 
container must be washed, rinsed 

with acetone or methylene chloride, 
and dried before use to minimize 
contamination. 

s)
5.1.2 Automatic sampler (optional) -
Must incorporate glass sample 
containers for the collection of a 

minimum of 250 mL. Sample 
containers must be kept refrigerated 
at 4'C and protected from light during 

compositing. If the sampler uses a 

peristaltic pump, a minimum length of 

611-2 July 1982 

compressible silicone ruhber tubing 
may be used Before use. however. 

r (i itmi.-ressihl. I:A)1in shtild he

thnrni qhly rinsPr With methanol. 
followed by repeated rinsings wilti 
distilled water to minimize the 
potential for contamination of the 

sample An integrating flow meter is 
required to collect flow proportional 
composites 
5.2 Glassware {All specifications are 
suggested Catalog numbers are 
included for illustration only) 

5.2.1 Separatory funnel •2000-mL.with Teflon stopcock 

5.2.2 Drying column -
Chromatographic column 400 mm 
long x 19 mm ID. with coarse frit. 

-
5.2.3 Chromatographic column 
400-mm long x 19 mm ID glas., witn 
coarse friltted plate on bottom and 
Teflon stopcock (Kontes K-420540
0224 or equivalent) 

5.2.4 Concentrator tube. Kuderna-

Danish - 10-mL, graduated (Kontes 

K-570050-1025 or equivalent) 
Calibration must be checked at the 

volumes employed in the test Ground 

glass stopper is used to prevent 

evaporation of extracts 

5.2.5 Evaporative flask. Kuderna-
Danish - 500-mL (Kontes K-570001 
0500 or equivalent). Attach to 
concentrator tube with springs. 

5.2.6 Snyder column. Kuderna-
Danish - Three-ball macro (Kontes 

K-503000-0121 or equivalent). 

5.2.7 Vials Amber glass. 10- to 

15. mL capacity, with Teflon-lined 
screwcap 

5.3 Boiling chips - Approximately
 
10,40 mesh. Heat to 400"C for 30
 
minutes or Soxhlet extract with
 
methylene chloride.
 

5.4 Water bath - Heated. with
 

concentric ring cover, capable of
 

temperature control (±_2cC). The bath
 

should be used in a hood 

5.5 Balance - Analytical. capable of
 
accurately weighing 0.0001 g.
 

5.6 Gas chromatograph - An 

analytical system complete with 
temperature programmable gas 
chromatograph suitable for on-column 
infection and all required accessories 
including syringes, analytical columns, 
gases, detector, and strip-chart 
recorder A data system is recom

mended for measuring peak areas. 

5.6.1 Column 1 - 1 8 in long x 2 

mm ID pyrex glass. packed with 

Supelcoport. (100- 120 mesh) coated 



eqtuvalentwtl 3",. SP. 1000 or fill, ThiseipV~1:oIltillfll w ill, ki,lt kil de 

mietido per rniitci etateiment iniir ..

Section 14 GLidelies for tile use o1 

alternate column packings are 
provided in Section 12 1 

5.6.2 Column 2 - 1 S in lo)ng x 2 
mm ID pyrex glass. packed with 
Tenax-GC (60 80 mesh) or 
equivalent 

5.6.3 Detector - Halide specific 
electrolytic conductivity or 
microcoulometric These detectors 
have proven effective in the analysis 
of wastewaters for the parameters 
listed 	in the scope of this method The 
Hall conductivity detector was used to 

develop the method performance 
statements in Section 14. Guidelines 
for the use of alternate detectors are 
provided in Section 12 1 Although 
.ess selective, an electron capture 

detector is an acceptable alternative, 

6. 	 Reagents 
6.1 Reagent water - Reagent water 
is defined as a water in which an 
interferent is not observed at the 
MDL of each parameter of interest, 

6.2 Sodium thiosulfate - (ACS) 
Granular 

6.3 Acetone, methanol. methylene 
chloride, hexane, and petroleum ether 

(boiling range 30 to 60 C) - Pesticide 

quality or equivalent. 

6.4 Sodium sulfate - (ACS) 

Granular. anhvdrous Purify by 

heating at 400"C for four hours in 

a shallow tray. 


6.5 Florisil - PR Grade (60/100 

mesh); purchase activated at 1250F 

and store in the dark in glass 

container with glass stoppers or foil-

lined screw caps. Before use. activate 

each batch overnight at 130C in a 

foil-covered glass container, 

6.6 Ethyl ether - Nanograde. 

redistilled in glass. if necessary 


Must be free of peroxides as6.6.1 
indicated by EM Laboratories Quant
ndcstrdps EMiaboearomrSeuntic 
est strips fAvailable from Scientific 

Products Co. Cat. No. P1126-8. and 
other suppliers.) 

6.6.2 Procedures recommended for 

removal of peroxides are provided 

with the test strips. After cleanup 20 
mL ethyl alcohol preservative must be 

added to each liter of ether 

6.7 Stock standard solutions (1.00 

ig/L) - Stock standard solutions can 

be prepared from pure standard 
materials or purchased as certified 

solutions 

piart: stock st~iiili(l6. 7. 1 Pr t
.%o)Iitio)l"; by ;i1:1tlrawly wel(hiIl(t 

ahlout 00100 (1 of piii, imia.riil 
Dissolve the materiat in pesticide 
quality acetone and dilute to volume 

in a 10-iiL volutnuric flask Larger 

volumes canl heused at tle 
convenience of the analyst If 
compound purity is certified at 96% 
or greater, tile weight can be used 
without correction to calcula e the 

concentration of tile stock standard 
Commercially prepared stock 
standards can be used at any 
concentration if they are certified 
by the manufacturer or by an 
independent source. 
6.7.2 Transfer the stock standard 
solutions into Teflon-sealed screw-cap 
bottles. Store at 4 C and protect from 
light Stock standard solutions should 
be checked frequently for signs of 
degradation or evaporation, especially 

lust prior to preparing calibration 

standards from them. Quality control 

check standards that czn be used to 
detirmine the accuracy of calibration 
standards will be available for the 
U.S. Environmental Protection 
Agency. Environmental Monitoring 
and Support Laboratory. Cincinnati. 

Ohio 45268 
6.7.3 Stock standard bolutions must 

be replaced after six months, or 
sooner if comparison with check 

standards indicate a problem. 
7. 	 Calibration 

stablish gas chromatographic 


operating parameters to produce 

7.1 

retention times equivalent to those 
listed in Table 1 The GC chromato-

graphic system may be calibrated 
using the external standard technique 
(Section 7 2) or the internal standard 

tecnnique (Section 7 3). 
7.2 External standard calibration 

procedure 

7.2.1 Prepare calibration standards 

at a minimum of three concentration 
levels for each parameter of interest 

more 

stock standards to a volumetric flask 
and diluting to volume with hexane. 
One of the external standards should 

be at a concentration near, but above, 

by adding volumes of one or 

the MDL and the other concentra-

tions should correspond to the 
expected range of concentrations 

found in real samples or should 
define the working range of the 
detector. 

7.2.2 Using injections of 2 to 5 lL of 

each calibration standard, tabulate 

peak 	height or area responses against 

the mass injected. The results can he 

used to prepare a calibration curve for 
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(I Alt.rilvely. if tl,cclia 	 i:uiiltii *IIfIr'(raill( ()I (,'.S1111SH'. Wt,lltfI1110111 

(cail itnit lic:tor) 1..,;a constant rivr 

ithl wrirkiti i r,,iye 1 10. relative 

standard (devi ion. RSD). linearity 

through the origin can he assumed 
and the. ivtr;ige ratio or calibration 
factor can he used in placu of a 
calibration curve 
7.2.3 The working calibration curve 
or cali)ralion factor must he verified 

on each working day by tie 
measurement of one or more 
calibration standards. If the response 
for any parameter varies from the 
predicted response by more than 
' 10%. the test must be repeated 
using a fresh calibration standard 
Alternatively. a new calibration curve 
or calibration factor must be prepared 
for that compound 
7.3 Internal standard calibration
 
procedure To use this approach. tile
 
analyst must select one or more
 

internaL standards that are similar in
 

analytical behavior to the compounds 
of interest The analyst must further
 

demonstrate that tne measurement of
 
the internal standard is not affec:ted
 
by method or matrix interferences.
 
Because of these limitations, no
 

internal standard can be suggested
 
that is applicable to all samples.
 

7.3.1 Prepare calibration standards 
at a minimum of three concentration
 
levels for each parameter of interest
 

by adding volumes of one or more
 
StoCk standards to a volumetric flask 
To each caoraton standard, add a
 

known constant amount 
of one or 

more internal standards, and dilute to 
volume with hexane One of tne 

standards should be at a concentra
tion near, but above, the MDL and
 
the other concentrations should
 

correspond to the expet:ted range of 

concentrations found in real samples 
or should define the working range of 

the detector 

7.3.2 Using injections of 2 to 5 pL 

of each calibration standard, tabulate 

peak height or area responses against 

concentration for each compound and 
internal standard, and calculate
 
response factors IRFI for each
 
compound using equation 1


Ea 1 RF (A,C,.) (AC , ) 

where-

A, Response for the parameter to 
be measured 

A,, Response for the internal 

standard. 
C., Concentration of the internal 

standard, (pjg L) 
C. 	 Concentration of the parameter 

to be measured. (pg L) 



RF t WtlkItl 'It tilt-	viltie ovt' [it- iih-
...? I.c li.st'IifI 1i ", RSD i III,.aF .II 

i.'.IsLtmvo In tuiIIInvariant oit tilt' 
aivtf ut conl t i :i iIiRF hi . tL 

lions Alit-riiativlv lte resuilts can 


. uset to p~lut a valibration curve ot 

response ratios A. A,.. vs RF 


7 3 3 The w rkiii(Icalibration curve 
or RF miust h,verile or til( h 
workiny day I).the measuiremennt of 
ont, or more calibration standards II 
tit-' iiv paramtter variesresponSe li 

fromgenerate 

tman - 110t. tihttest mst be repeateding a fresh calibratita . 
Alternatively n calibrationn r. 

must lieprepared for that compound 
7 4 Before using any cleanup 

procedure. the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and th absence of 
interfertences froim the reagents 

7 5 The cleanup procedure in 

Section 11 utilizes Florisil column 
chromatography Florisil from different 

batches or sources may vary in 

asorption capacity To standardize 
theAlternately. 
 vaciaunoFd s u
the use of lauric acid value"' is 
suggested The referenced procedure 
determines the adsorption from 
hexane solution of lauric acid img) per 
gram Florist! The amount of Florisil to 
be used for each column is calculated 
by dividing 1u10 by this ratio and 
multiplying by 20 g 

8 ro 

8.level 
 Qult 
8.1 Each laboratory that uses this 
method is required to operate a formalqualtyTh minmumtheontrl 
Quaity control program The minimum 

of an initial demonstration of 
labcraorv capability and the analysis
ifspikedsamplesas aontini 

of spiked samples as a continuing 
check on performance The laboratory 
is required to maintain performance 
records to oefin tItL quality of data 
that isgenerated Ongoing 
performance checks must be 
compared with established 
performance criteria to determine if 
tne results of analyses are within 
accuracy and precision limits expected 
of the method 

8. 1. 1 Before performing any 
analyses, the a'nilyst must 
demonstrate the ability to generate 
acceptable accuracy and precision 
with this method This ability is 
esablished as described in Section 
82 

8.1.2 In recognition of the rapid 

advances that are occurring in 
chromatography, the analyst is 

i iotliini,tiv ii ttioi tf;in i 10 itiir()ve 
fi1 s',l)ia~llon., Il II Jilt.Ocost(ofltl- l w 

fii';iiUiiliitSiIm Each litlle suich 
fiii itih:jii is jtiifiii(ht(ttile inethod. 
tilt- aniyst is incltitrrl lei rieeat tlt! 
prtct-dure inI Suction 8 2 
8. 1.3 Thitlaboratory itust spike and 

analyze a ofoninran101!,of all 
Sami les to illfonitor colntinuing 
laboratory performance This 
procedure is lescribedt in Section 8 4 
8.2 	 To establish the ability to 


accetable accuracy and 

p
precision, the analyst must perform 
the following operations. 

8.2. 1 Select a representative spike 
concentration for each compound tobe measured Using stock standards. 

prepare a quality control check sample 
more concentrated than the selected 


concentrated tante seec 
sample concentrates appropriate for
sairipseRconcentratesuappropriateefo 
use with this method, will be available 

from the U S Environmental 
Protection Agency. Environmental 
Monitoring and Support Laboratory, 

Cincinnati. Ohio 45268 

8.2.2 Using a pipet, add 1 00 mL of 
the chech sample concentrate to each 
of a minimum of four 1000-mL 

A 

representative wastewater may be 

rsentate wateater mae 
used in place of the reagent water. 

st be analyzed to determine 

background levels, and the spike level 
must exceed twice the background 

for the test to be vad Analyze 


the aliquots according to the method 
beginning in Section 10pogra
8.2.3 Calculate the average percent 

recovery. fR). and the standard 
deviation of the percent recovery iS), 
for the results Wastewater back.
ground corrections must be made 
before R and s calculations are 
performed. 

8.2.4 Using Table 2. note the 
average recovery 1X) and standard 
deviation Ip) expected for each method 
parameter Compare these to the 
calculated values for R and s. If s . 

2p or 'X-R' -2p, review potential 
problem areas and repeat the test 

8.2.5 The U.S. Environmental 
Protection Agency plans to 
establish performance criteria for 
R and s based upon the results of 
interlaboratory testing. When they 
become available, these criteria must 
be met before any samples may be 

analyzed. 

8.3 The analyst must calculate 
method performance criteria and 
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defliii tie ti.;rlt rinarma :e of iit: 
lib()raiJory hor 4!;ichl.stllki'
 

c:oncentr;iiimn an(I puriiiiel er f-.ing
 
lieasuret
 

8.3. r Calculate upper and lower 
control 	 iuits for method performance 

Uper Control Limit UCLI R 3 s 

Lower Control Limit (LCL) R 3 s 

where R and s are calculated as in 
Section 8 2 3 The UCL and LCL can' ° 
be used to construct control charts a 

that are useful in observing trends in 
performance The control limits abovemust be replaced by method per
formance criteria as they become 

available from the U S Environmental 
Protection Agency832-h aoaoyms eeo 

8.3.2 The laboratory must develop
 
and maintain separate accuracy 
statements of laboratory performance 
for wastewater samples An accuracy 
statement for the method is defined 
as R s 	The accuracy statement
should be developed by the analysis of 
four abuots of wastewater as 

e 
bysthe dcalculation o R an s 

by the calculation of R and s 
the analyst may use four 

desribinSeon 8a2t2.aolloa 

wastewater data points gathered 
through the requirement for 
continuing quality control in Section 
84.The accuracy statements should
 

'
 be updated regularly
 
br 
8.4 The laboratory s required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries 
The frequency of spiked sample 
analysis mu~- be at least 10o of allsamples or t.,e sample per month 

the e must bebe siespiked andand 
analyzed as described in Section 8.2 

sample 	 s 

If the recovery for a particular 
parameter does not fall within the 
control limits for method performance,
the results reported for that parameter 
in allsamples processed as part of 
the same set must be qualified as 

described insectlon 13.3 The 
laboratory should monitor the 
frequency of data so qualified to 
ensure that it remains at or below 50 
8.5 Before processing any samples, 
the analyst should demonstrate 
through the analysis of a one-liter 

aliquot of reagent water, that all 
glassware ard reagent interferences 
are under control Each time a set of 
samples is extracted or there is a 
change in reagents, a laboratory 
reagent blank should be processed as 
a safeguard against laboratory 
contamination
 

8.6 It is recommended that the 
laboratory adopt additional quality 



assuranct piactices foCr use with this 
miietnoul Tni, s crtli ' praicti' that 
ar. llost pioitit'ti t'pe 11ollhdt ip)n(I Itic' 

needs of the laburitlory and th, nature 
of the samples Field duplicates may 

be analyzed to inonitol the precision 
of the sampling technique. When 
doubt extists over the identification of 

a peak on the chromatogran. 
confirmatory techniques such as GC 
with a dissimilar column, specific 
element detector, or mass spec. 
trometer must be used Whenever 
possible. the laboratory should 
perform analysis of standard 
reference materials and participate 
in relevant performance evaluation 
studies 

9. Sample Collection, 
Preservation, and Handling 

9.1 Grab samples must be collected 
in glass containers Conventional 
sampling practices'9 slhould be 
followed, except that the bottle .must 

not be prewashed with sample before 

collection Composit!e samples should 

be collected in refrigerated glass 
containers in accordance with the 

requirements of the ptogram 
Automatic sampling equipment must 

be a free as possible of Tygon and 

other potential sources of 

contamination 

9.2 The samples must be iced or 

refrigerated at 4 C from the time of 

collection until extraction Filtthe 

sample bottles and, if residual 

chlorine is present, add 80 mg of 

sodium thiosulfate per each liter of 

water U S Environmental Protection 

Agency methods 330.4 and 330.5 

may be used.to measure the residual 

chlorine' 0 ' Field test kits are available 
for ?hs purpose 

9.3 Alt samples must be extracted 
within 7 days and completely analyzed 
within 40 days of extraction '2' 

10. Sample Extraction 

10.1 Mark the water meniscus on 

the side of the sample bottle for later 

determination of sample volume. Pour 
the entire sample into a two-liter 
separatory funnel. 

10.2 Add 60 mL methylene chloride 
to the sample bottle, seal, and shake 
30 seconds to rinse the inner walls. 
Transfer the solvent to the separatory 
funnel arid extract the sample by 
shaking the funnel for two minutes 
with periodic venting to release 
excess pressure. Allow the organic 
layer to separate from the water 
phase for a minimum of 10 minutes. 

It he emulsion ;nterface between 

layers is more than one-third the 


vitiiue ol tie solvent layer. the 
aiinalvst Itiist l'mploy ,cil:hanicil 
It:lci(ttiier ti cumluhiPt the phase 
separaition TIie Uptillii tchlIuCe 
depends tupon the sample, but ma,1 
include stirring. filtraltion of the 
emulsion through glass wool, 
centrifugation. or other physical 
methods. Collect the methylene 
chloride extract in a 250-mL 
Erlenmeyer flask. 
10.3 Add a second 60-mL volume 
of methylene chloride to the sample 
bottle and repeat the extraction 
procedure a second time, combining 
the extracts in the Erlenmeyer flask. 
Perform a third extraction in the same 

manner 

10.4 Assemble a Kuderna-Danish 
(K-D) concentrator by attaching a 10. 
mL concentrator tube to a 500-mL 
evaporative flask Other concen-
tration devices or techniques may 
be used in p!ace of the K-D if the 
requirements of Section 8.2 are met 

10.5 Pour the combined extract 

through a drying column containing 
about 10 cm of anhydrous sodium 

in thesulfate, and collect the extract 

K-D concentrator Rinse the 
Erlenmeyer flask and column with 20 

to 30 mL of methylene chloride to 

complete the quantitative transfer. 

Add one or two clean boiling10.6 
chips to the evaporative flask and 

attach a three-ball Snyder column. 

Prewet the Snyder column by adding 

about I mL methylene chloride to the 

top. Place the K.D apparatus on a hot 
bath (60' to 65-C) so that 

water 

the concentrator tube is partially 

immersed in the hiot water, and the 

entire lower rounded surface of the 
flask is bathed with hot vapor. Adjust 
the vertical position of the apparatus 
and the water temperature as 
required to complete the 
concentration in 15 to 20 minutes. At 

the proper rate of distillation the balls 
of the column will actively chatter but 
the chambers will not flood with 
condensed solvent. When the 
apparent volume of liquid reaches 1 

mL. remove the K-D apparatus and 

allow it to drain and cool for at least 

10 minutes. 
NOTE: Some of the haloethers are 
very volatile and significant losses will 

occur in concentration steps if care is 

not exercised. It is important to 
maintain a constant gentle 
evaporation rate and not to allow the 

liquid volume to fall below 1 to 2 mL 

before removing the K-D from the hot 
water b4th 
10.7 Momentarily remove the 
Snyder column, add 50 mL of hexane 

anti d new boiling chip and replace 
t,#-. collrtll Raise the tc-l)ip ralure 

of the water bath to 85 to 90 C 
Concentrate the extract as in Section 
10.6 except use hexane to prewet the 

column When the apparent volume of 
Iquid reaches 1 to 2 mL.'remove the 
K-D and allow it to drain and cool at 
least 10 minutes. Remove the Snyder 
column and rinse the flask and its 

lower joint into the concentrator tube 
with 1 to 2 mL of hexane A 5-mL 
syringe is recommended for this 
operation. Stopper the concentrator 
tube and store refrigerated if further 

processing will not be performed 
immediately If the extracts will be 
stored longer than two days. they 
should be transferred to Teflon-sealed 
screw-cap bottles. 

10.8 Determine the original sample 
volume by refilling the sample bottle 
to the mark and transferring the water 
to a 1000-mL graduated cylinder 
Record the sample volume to the 

nearest 5 mL. 

1 1. Cleanup and Separation 

11.1 Cleanup procedures may not 

be necessary for a relatively clean 

sample matrix The cleanup procedure 

recommended in this method has been 

used for the analysis of various clean 
waters and industrial effluents. If 
particular circumstances demand the 

use of an alternative cleanup pro

cedure. the analyst must determin e 

the eluton profile and demonstrate 
of each mpoundthat the recovery 


of iterest s no less than 85%.
 

11.2 Florisil column cleanup for 

haloethers 

11.2.1 Adtust the sample extract 
volume to 10 mL 

11.2.2 Place a charge (nomially 
20 g, actual amount determined as in 
Section 7.5) of activated Florisil in a 

19-mm ID chromatographic column 
After settling the Florisil by tapping 
the column, add about one-half inch 
layer of anhydrous granilar sodium 
sulfate to the top. Allow the Florisil 
to cool. 

11.2.3 Pre-elute the column with 

50 to 60 mL of petroleum ether. 
Discard the eluate and lust prior to 
exposure of the sulfate layer ,o air. 

quantitatively transfer the sample 
extract into the column by decantation 
and subsequent petroleum ether 
washings. Discard the eluate. Just 
prior to exposure of the sodium 
sulfate layer to the air, begin eluting 
the column with 300 mL of ethyl 

ether petroleum ether (6 • 94) (V V) 
Adlust the elution rate to approx-
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.110 
eltal, in , 500 miL K D ll;Isk 
'ctuilii.-u with , 1( mL ,ti tiitlrator 
tube This fractiuoni sh)ld :tilot all 

tinatelv 5 1L 111 i il t tle 

oiln 
,ii tile halhetlers 

1 2.4 Con:entrate tlt' fr ict ion bv 
K'D a- inI Setiol 10 6 e-xc:t-lt prewot 
tile Snvder ctltilllm with hexane 
When thle apparatus is coul. remove 
the column anti rinse tie flask and 
its lower joint into tie concentrator 
tube with Iiexane Adlust tle volume 
to 10 mL Analyze by GC (Section 12.) 

1 2. Gas Chromatography 
12.1 Table I summarizes te 
recommended operating conditions for 
the gas chromatograph This table 
includes retention times and MDL 
that were obtained under these 
conditions Examples of the 
parameter separations achieved 
bv these columns are shown in 
Figures 1 and 2 Other packed 
columns. chromatographic conditions. 
or detectors may be used if the 
requirements of Section 8 2 are met 
CapillarN. topen-tubular) columns may 
also be used if the relative standard 
deviations of responses for replicate 
Inlections are demonstrated to be less 
than 6°0 and the requirements of 
Section 8 2 are met 

12.2 Calibrate the system daily as 
described in Section 7 

12.3 If the internal standard 
approach is being used. the analyst 
must not add the internal standard to 
sample extracts until immediately 
before inlection into the instrument 
Mix thoroughly 

12.4 Inlect 2 to 5 JL of the sample 
extract using the solvent-flush 
tecnnique "' Smaller (1 0wL) volumes 
can be injected it automatic devices 
are employed Record the extract 
volume to the nearest 0. 1 mL and the 
volume inlected to the nearest 0.05 
uL. and the resulting peak size in area 
or peak height units. 

12.5 The width of the retention time 
window used to make identifications 
should be based upon measurements 

of actual retention tme variations of 
standards over the course of a day. 
Three times the standard deviation of 
a retention time for a compound can 
be used to calculate a suggested 
window size. however. the experience 
of the analyst should weigh heavily in 
the interpretation of chromatograms. 

12.6 If the response for the peak 
exceeds the working range of the 
system, dilute the extract and 
reanalyze. 

12.7 If tile 1eutirit~i~i~it (i tile liivik 
ri'.,t-i se is rev ielt I)y tilv pireseict 
iIf Interferences. firther i:Ie II1LI) IS 
required 
1 3. Calculations 

13.1 Determine file concentration of 
individual compotnds in the sample 
13.1.1 If the external standard 
calibration procedure is used. 
calculate the amount of material 
inlected from the peak response using 
thie calibration curve or calibration 
factor in Section 7 2.2 The 
concentration in the sample can be 
calculated from equation 2 

(AV,) 
Eq. 2 Concentration..ug.'L W.VH , 

where. 

A 	 Amount of material injected. in 
nanograms 

V. Volume of extract inlected (jiL) 
V, Volume of total extract LULl 
V. 	 Volume of water extracted (mL) 

13.1.2 If the internal standard 
calibration procedure was used. 
calculate the concentration in the 
sample using the response factor (RF) 
determined in Section 7 3 2 and 
equation 3 

(A }(I,) 
Eq 3 Concentration. pg/L fA.,MRFXV0) 

where: 
A, Response for the parameter to 

be measured. 
A., Response for the internal 

standard 
I Amount of internal standard 

added to each extract (ug).
Vo Volume of water extracted, in 

liters. 

13.2 Report rresults in micrograms 
per liter without correction for 
recovery data When duplicate and 
spiked samples are analyzed, report 
all data obtained with the sample 
results. 
13.3 For samples processed as part 

of a set where the laboratory spiked 
sample recovery falls outside of the 
control limits in Section 8.4. data for 

tne affected parameters must be 
labeled as suspect. 

14. Method Performance 
14.1 The method defection hmit 
(ML s deftned as the mnimum 

i(:hievel uSing reprousentative 
wilstewalters 
14.2 This method has bi'in tl.stPe 
for linearity of recovery from spiked 
reaqenl waler and has been 

demonstrated to he applicable for the 
concentration range from 4X MDL to 
1000 x MDL' ' 

14.3 In a single laboratory 
(Monsanto Research Center). using 
spiked wastewater samples. the 
average recoveries presentel in Table 

'2 were obtained 2 ' Each spiked 
sample was analyzed in triplicate on 
three separate occasions. The 
standard deviation of the percent 
recovery is also included in Table 2 
14.4 The U S Environmental 

Protection Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method 
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Table 1. ChromatographicConditions and Method Detection Limits 
Retention Time Method 

(min ) Detection Limit 

Parameter 	 Column I Column 2 1pg/L 

Bst2.chloroisoproPyl) ether 8.4 9.7 0.8 

8,s(2.chloroethyl ether 9.3 9. 1 0.3 
13. 10.0Bis(2-chloroethoxy) methane 	 0.5 
19.4 15.04-Chlorophenylphenyl ether 	 3.9 

2.3 
4.Bromophenyl phenyl ether 21.2 16.2 

Column 1 conditions: Supelcoport (100/120 mesh) coated with 3% SP.1000 

packed in 1.8 m long x 2 mm ID glass column with helium carrier gas at a flow 

rate of 40 mL/min. Column temperature. 60*C for 2 min after injection then 

program at 8rC/min to 2300C and hold for 4 min. Under these conditions 
the retention time for Aldrin is 22.6 min. 

Column 2 conditions: TenaxGC (60/80 mesh) packed in a 1.8 m long x 2mm 

ID glass column with helium carrier gas at 40 mL/min flow rate. Column 
temperature: 150"C for 4 min after injection then program at 160C/min to 
310°C. Under these conditions the retention time for Aldrin is 18.4 min. 

Table 2. Single Operator Accuracy and Precision 
Average Standard Spike Number 
Percent Deviation Range of Matrix 

Parameter 	 Recovery % (Ipg/L) Analyses Types 

59 4.5 97 27 3
Bis(2.chloroethyliether 

62 5.3 138 27 3
Bis(2.chloroethoxy)methane 

67 4.0 54 27 3
Bis(2.chloroisopropyl)ether 

78 3.5 14 27 3
4.Bromophenyl phenyl ether 

4.5 30 27 3
4.Chlorophenyl phenyl ether 73 
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Column. 3% SP- 1000 on Supelcoport 
Program. 600C. .2 minutes 80 /minute to 2300C. 
Detector- Hall electrolytic conductivity 
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Environmental Monitoring andUnited States 
Support LaboratoryEnvironmental Protection 
Cincinnati OH 45268Agency 

Research and Development 

EPA Test Method 

Chlorinated Hydrocarbons 
Method 612 

1. Scope and Application 
1.1 This method covers the 
determination of certain chlorinated 
hydrocarbons. The following 
parameters can be determined by this 
method: 

STORET No. CAS No.Parameter 
91-58-7345812.Chloronaphthalene 

34536 	 95.50-11.2-Dchlorobenzene 
34566 	 541.73-11.3-Dichlorobenzene 106-46-7345711.4.Dichlorobenzene 118-74.139700Hexachlorobenzene 87-68-334391Hexachlorobutadiene 7747-434386Hexachlorocyclopentadiene 67.72-134396Hexachloroethane 
34551 	 120.82-11.2.4.Trichlorobenzene 

1.4 The sample extraction and1.2 This is a gas chromatographic 
(GC) method applicable to the concentration steps in this method 

are essentially the same as indetermination of the compounds listed 
above in municipal and industrial 	 methods 606. 608. 609. and 611 

Thus, a single sample may bedischarges as provided under 40 CFR 
extracted to measure the parameters136.1. When this method is used to 

analyze unfamiliar samples for any or included in the scope of each of these 
methods. When cleanup is requirea.all of the compounds above, 


compound identifications should be the concentration levels must be high
 
supported by at least one additional enough to permit selecting aliquots.
 

as necessary, to apply appropriatequalitative technique. Method 625 
provides gas chromatograph/ mass cleanup procedures. The analyst is 

allowed the latitude, under Gasspectrometer (GC/MS) conditions 
appropriate for the qualitative and Chromatography (Section 12). to 
quantitative confirmation of results select chromatographic conditions 
for all of the parameters listed above, appropriate for the simultaneous 
using the extract produced by this measurement of combinations of 
method. these parameters, provided that the 

requirements of Section 8.2 are met. 

1.3 	 The method detection limit 1.5 Any modification of this method. 
beyond those expressly permitted.(MDL defined in Section 14.1)"' for 
shall be considered as maloreach parameter is listed in Table 1 

The MDL. for a specific wastewater modifications subject to application 
may differ from that listed, depending and approval of alternate test 
upon the nature of interferences in procedures under 40 CFR 136 4 
the sample matrix and 136 5 
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1.6 Thi%nitthid is ritric:tedi to 
LiSt" t1 O f l'M .,Im'IVIS10 Of 

a v in riiit'itt till- Lise ot 
arialvstsh -i'lor h and llthe 
gas chronaoqraphy nd in tihe 
iilerpretatiun t gas chrumiatograms 
Each alvst must denstrate the 
ability to generate acceptable results 
with ibs method using the procedure
described in Section 8 2 

2. Summary of Method 
2.1 A measured volume of sample, 
approximately one-liter, is soivent 
extracted with methylene chloride 
using a separatory funnel The 
methylene chloride extract is dried 
and solvent exchanged to hexanedrgconcentration to a volume of 
during cSafety 

10 mL or 	less GC conditions are 
described which permit the 
separation and measurement of 
the compounds in the extract using 
an ECD"' 

2.2 The method provides a Florisil 
column cleanup procedure to aid in 
the elimination-of interferences that 
may be encountered 

3. Interferences 

3.1 Method interferences may be 
caused by contaminants in solvents, 
reagents. glassware, and other 
sample processing hardware that lead 

to discrete artifacts and./or elevated 
baselines in gas chromatograms. All 
of these materials must be routinely 
demonstrated to be free from 
interferences under the conditions ofthebvanaruysinin la ora o 

the analysis by running laboratory 
reagent blanks as described in 
Section 8 5 
3.1.1 Glassware must be
scrupulously ae' Clean all 

glassware as soon as possible after 
use by rinsing with the last solvent 
used in it. This should be followed by 
detergent washing with hot water. 
and rinses with tap water and 
distilled water. It should then be 
drained dry. and heated in a muffle 
furnace at 400"C for 15 to 30 
minutes. Som-e thermally stable 
materials, such as PCBs, may not be 
eliminated by this treatment. Solvent 
rinses with acetone and pesticide 
quality hexane may be substituted for 
the muffle furnace heating. Volu-
metric ware should not be heated 
in a muffle furnace. After drying and 
cooling, glassware should be sealed 
and stored in a clean environment to 
prevent any accumulation of dust or 

other contaminants. Store inverted 
or capped with aluminum foil. 

3. 1.2 The use of high purity 
reagents and solvents helps to 
minimize interference problems 

Purification of solvents by distillation 
II ,itll lass sysit nis imiay he re(lredt 

3.2 Matrix iniertererc , ini y ht: 
caused by contaminants that are 
coextracted from the sample The 

extent of matrix interferences will 
vary considerably from source to 
source, depending upon the nature 
and diversity of the industrial complex 

or municipality being sampled. The 
cleanup procedure in Section 11 can 
be used to overcome many of these 
interferences, but unique samples 
may require additional cleanup 
approaches to achieve the detection 
limits listed in Table 1 
4.Sft 

The toxic~ty or carcinogenicity of 
each reagent used in this method 
has not been precisely defined; 
however, each chemical compound 
should be treated as a potential 

health hazard From this viewpoint. 
exposure to these chemicals must 
be reduced to the lowest possible 

level by whatever means available 
The laboratory is responsible for 
maintaining a current awareness file 

of OSHA regulations regarding the 
safe handling of the chemicals 
specified in this method. A reference 
file of material data handling sheets 

should also be made available to all 
personnel involved in the chemical 
analysis Additional references to 

laboratory safety are available and 
informhave beenationidentifiedof ' 6ithe analyst.	for the 

tfritted 
5. Apparatus and Materials 

5.1 Sampling equipment, for 
discrete or composite sampling 

5. 1. 1 Grab sample bottle - Amber 
glass, one-liter or one-quart volume, 
fitted with screw caps lined with 
Teflon. Foil may be substituted for 
Teflon if the sample is not corrosive, 
If amber bottles are not available, 
protect samples from light. The 
container must be washed, rinsed 
with acetone or methylene chloride. 
and dried before use to minimize 
contamination, 

5. 1.2 Automatic sampler (optional) -
Must incorporate glass sample 
containers for the collection of a 
minimum of 250 mL. Sample 
containers must be kept refrigerated 
at 4"C and protected from light during 
compositing. If the sampler uses a 

peristaltic pump, a minimum length of 

compressible silicone rubber may be 
used. Before use, however, the 
compressible tubing should be 
thoroughly rinsed with methanol, 
followed by repeated rinsings with 
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distilled wller to minimize the 
p ni ~;il Iii i:nlilli ln;lllrll Of Illtt 

samlh- An nl.(Irating flow meter 
is requiredl to collect flow
proportonal composites 

5.2 Glassware (All specifications are 
suggested Catalog numbers are 
included for illustration only).
5.2. 1 Separatory funnel - 2000.mL. 

with Teflon stopcock. 

5.2.2 Drying column -
Chromatographic column 400 mm 
long x 19 mm ID with coarse frit. 
5.2.3 Concentrator tube. Kuderna-
Danish - lO-mL, graduated (Kontes 
Danish010m5 orgraduaentseqjuivalentl.K-570050-1025 
Calibration must be checked at the 
volumes employed in the test. Ground 
glass stopper is used to prevent 
evaporation of extracts. 

5.2.4 Evaporative flask, Kuderna-

Danish - 500-mL (Kontes K-570001
0500 or equivalent) Attach to 
concentrator tube with springs. 

5.2.5 Snyder column. Kuderna-
Danish - three-ball macro (Kontes 
K-503000-0121 or equivalent) 

5.2.6 Snyder column. Kuderna-
Danish - two-ball micro (Kontes 
K-569001 -0219 or equivalent). 

5.2.7 Vials - Amber glass. 10- to 
15- mL capacity, with Teflon- lined 
screwcap. 

5.2.8 Chromatography column 
300300 mm m longm og1mm m Iw co arsex 10 	 ID w ith coarse 

disc at bottom and Teflon 
stopcock. 

5.3 Boiling chips - approximately 
10/40 mesh Heat to 400'C for 30 
minutes or Soxhlet extract with 
methylene chloride. 

5.4 Water bath - Heated. with 
concentric ring qover. capable of 
temperature control (_ 2 C) The bath 
should be used in a hood. 

5.5 Balance - Analytical. capable of 
accurately weighing 0 0001 g. 

5.6 Gas chromatograph - An 
analytical system complete with gas 
chromatograph suitable for on-column 
injection and all required accessories 
including syringes, analytical 
columns, gases. ECD. and strip-chart 
recorder. 	A data system is 
recommended for measuring 
peak areas. 

5.6.7 Column - 1.8 m long x 2 mm 

ID pyrex glass. packed with 1 5% OV-1 
+ 2.4% OV225 on Supelcoport (80 
100 mesh) or equivalent. This column 
was used to develop the method 
performance statements in Section 



, i.alternate14'011,1I1111GUiliOPlieSPa|LkI/lJy..for' Ihl leIIIUVVIO|t*,f III 

.et~C.i}n 12 1 

5.6.2 Detector • Election caplure 
This detector has proven effective in 
the analysis of wastewaters for the 
parameters listed in the scope. and 
was used to develop the accuracy and 
precision statements in Section 14 
Guidelines for the use of alternatedetectors are provided in Section 
12. r alevels 
12.1 

6. Reagents 
6.1 Reagent water - Reagent water 
is defined as a water in which an 
interferent is not observed at the 
MDL of each parameter of interest. 

6.2 Acetone. methanol. methylene 
chloride, hexane. petroleum ether 
(Boiing range 30 to 60' C)• Pesticide 
quality or equivalent 

6.3 Sodium sulfate - (ACS) 
Granular. anhydrous. Purify by 
heating at 400 C for four hours in 
a shallow tray 

6.4 Florisil - PR grade f60/ 100 
mesh); purchase activated at 1250"F 
and store in the dark in glass 
containers with glass stoppers or foil-

Before use. activatelined screw caps 
each batch at 130 C in foil-covered 

glass containers, 

6.5 Stock standard solutions (1 00cnjg L) Stock standard solutions 

be pr e fSo pure s t nscd 


materials or purchased as certified 

solutions. 


6.5. 1 Prepare stock standard 

solutions by accurately weighing 

about 0.0100 g of pure material, 

Dissolve the material in pesticide 

quality isooctane. dilute to volume 

in a 10-mL volumetric flask. Larger 
volumes can be used at the 
convenience of the analyst. If 
compound purity is certified at 96% 
or greater. the weight can be used 
without correction to calculate the 
concentration of the stock standard. 
Commercially prepared stock 
standards can be used at any 
concentration if they are certified 
by the manufacturer or by an 

independent source. 


6.5.2 Transfer the stock standard 
solutions into Teflon-sealed screw-
cap bottles. Store at 4"C and protect 
from light. Stock standard solutions 
should be checked frequently for 
signs of degradation or evaporation, 
especially lust prior to preparing 

calibration standards from them. 
Quality control check standards that 
can be used to determine the 

of c:alibratil(Hl sitndfardsaccur:acvw ill |It' ;Iv,ill;It)It' fromtl Ill U S 

ioi A(i'iin:v.EiIvmItI IiII.=Il;II pf{IIHPnt 

Environmental Monilorilg a (
Support Laboratory. Cincinnati. 
Ohio. 45268 

6.5.3 Stock standard solutions must 
be replaced after six months, or 
sooner if comparison with check 
standards indicate a problem 

7. Calibration 

7.1 Establish GC operating 
conditions to produce resolution 
of the parameters equivalent to 
those indicated in Table 1 The GC 
system may be calibrated using 
external standard technique 
(Section 7 2) or the internal 
standard technique (Section 7 3) 

7.2 External standard calibration 
procedure 
7.2.1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest 
by adding volumes of one or more 

stock standards to a volumetric flask 
and iluting to volume with isooctane. 
One of the external standards should 
be at a concentration near, but above, 
the MDL and the other concen
trations should correspond to 
the expected range of concen-trations found in real samples 
to oud in ea s a e or should define the working range 

of the detector 


7.2.2 Using injections of 2 to 5 JL 
of each calibration st3ndard, tabulate 
peak height or area responses against
the mass infected The results can be 
used to prepare a calibration curve for 
each compound. Alternatively, if the 

ratio of response to amount injected 
(calibration factor) is a constant over 
the working range (.. 10% relative 

standard deviation. RSD). linearity 

through the origin can be assumed 

and the average ratio or calibration 

factor can be used in place of a 

calibration curve. 


7.2.3 The working calibration curve 
or calilration factor must be verified 
on each working day by the 
measurement of one or more 
calibration standards. If the response 
for any parameter varies from the 
predicted response by more than 
-+10%. the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration 
curve or calibration factor must be 
prepared for that compound. 

7.3 Internal standard calibration 
procedure. To use this approach, the 
analyst must select one or more 

ti l l are similar iniiit-rlal standardsbtllIV i that1 ( tl)l(111i!iJ'I(l fclilt'I1t.i1yhictJ 

(if ii wi:s Thw analyst itiSt further 

lemonstrUte Ithat the nmealiiriltfln o1 
the internal standard is not affected 
by method or matrix interferences 
Because of these limitations, no 
internal standard can be suggested 
that is applicable to all samples 

a minimum of three concentration 

for each parameter of interest 
by adding volumes of one or more 

stock standards to a volumetric flask 
To each calihration standard, add a 
known constant amount of one or 
more internal standards. and dilute to 
volume with isooctane One of the 
standards should be at a concen
tration near. but above, the MDL 

a;7.3. i Prepare calibration standards 

and the other concentrations
 
should correspond to the expected
 
range of concentrations found in 
real samples or should define the
 
working range of the detector
 
7.3.2 Using injections of 2 to 5 uL
 
of each calibration standard, tabulate
 
peak height or area responses against
 

concentration for each compound and
 
internal standard, and calculate
 
response factors (RF) for each
 
compound using equation 1
 

Eq 1 RF (AC,,)/(A,%C.) 

where 
A. Response for the parameter tobe measured 
A, Response for the internal 

standard 
C., Concentration of the internal 

standard. (ig, L)
C Concentration ol the parameter 

to be measured, (pg LI 

If the RF value over the working range 
is a constant I-- 100o PSD). the RF
 
can be assumed to be invariant
 
and the average RF can be used for
 
calculations Alternatively. the results 
can be used to plot a calibration curve 
of response ratios. A. A., vs RF 
7.3.3 The working calibration curve 

or RF must be verified on each 
working day by the measurement of 
one or more calibration standards If 
the response for any parameter varies 
from the predicted response by more 
than =100o, the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 
must be prepared for that compound 
7.4 Before using any cleanup aprocedure the analyst must process 
series o calration standards through 

the procedure to validate elution
 
patterns and the absence of
 
iiterfreices from the reagents
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8. Quality Control ,,x:V.iq tw11:4, the hair.kgr.utnd Ievel 4upht:iltt, to m 01ior sllikp rmcoveries 

8 .1 Eatchtiuij ld tir urt si ti is iil fi ll'-1i1it lhi' v,lih Afin ly lilt- T i v nrlit cl t il - . . lIlhmii 	 ,I)ik
flidillud it, (ete (Ile UIl I~t(l%;l{(rhlII1l . l.l ({ Iil~ . ll'+ ~ ';!I+;,; ".n lliratt .1 Itfirilt,il 

CLialitv control programi Tite minimmil f)itilninq in Section 10 Saiples 'r on ainple per iiomtli. 
ieuirment oif this proqram comnsist 8.2 3 Calctilate the averaile percent whic:vr is (rtaJe Onp al t 

of an intial demonstrat in of re:overy. (R), and the standard thle yi7saple must ie spiked an I 
lahoratorv capahility and tIe analysis lvP-Plion of tle percent recovery is) the as dscribe in Sectil n 8 2 if 
of spikoi samples as a cotirluing l Iih results Wastewater hack. the rcovery for a partltlar ptrmeter 

check on performance The laboratory grotlnd corrections must be made does n t all within the control limits 

is required to maintain perforimiance before R and s calculations are rortd foraa et in al 
records to define the quality of data 	 performed reportles for tha s i allparameter
that is generated Ongoing perform- samples processed as part of tie
 
tatc ihcks merte coiperm 8.2.4 Using Table 2. note the same set must be qualified as

anice checks must be compared 

with established performance average recovery (X) and standard described in Section 13 3 The 

criteria to determine if the results deviation (p) expected for each method laboratory should monitor the 
of analyses are within accuracy parameter Compare these to the frequency of data so quafied to 
and precision limits expected of calculated values for R and s If s ensure that it remains at or below 5% 
the method. 2p or X-RI 2p. review potential 8.5 Before processing any samples. 
8.prolem areas and repeat the test the analyst should demonstrate
analyses the analst must 	 8.2.5 The US Environmental through the analysis of one-liter 

Oemlonstrate the ability to generate Protection Agency plans to aliquot of reagent water, that all 
acceptable accuracy and precision establish performance criteria for gla.'sware and reagents interferences 
witil tflis method This ability is R and s based ipon the results of are under control Each time a set 

established as described in Sectln interlaboratory testing When they of samples is extracted or there is a
 

8 2 .. become available, these criteria must change in reagents, a laboratory
 
be met before any samples may be reagent blank should be processed


8. 1.2 In recognition of the rapid 	 analyzed. as a safeguard against laboratory 
advances that are occurring in contamination
 
chromatography, the analyst is 8.3 The analyst must calculate
 
permitted certain options to improve method performance criteria and 8.6 It is recommended that the
 

the separations or lower the cost of define the performance of the laboratory adopt additional quality 

measurements Each time such laboratory for each spike assurance practices for use with this 

modifications are made to the method concentration and parameter being method The specific practices that 
the analyst is required to repeat "... measured. are most productive depend upon the 

needs of the laboratory and the nature
procedure in Section 8.2 8.3.1 Calculate upper and lower of the samples Field duplicates may 

8. 1.3 The laboratory must spike and control limits for method performance. be analyzed to monitor the precision
 
analyze a minimum of 10% of all Upper Control Limit (UCL) R 3 s of the sampling technique When
 
samples to monitor continuing Lower Control Limit (LCL) R 3 s doubt exists over the identification of
 
laboratory performance This 
 a peak on the chromatogram. 
procedure is described in Section 8 4 	 where R and s are calculated as i confimatory techniques such as gas


Section 8 2.3 chromatography with a dissimilar
 
8.2 To establish the ability to 	 The UCL and LCL can be used to column, specific element detector 
generate acceptable accuracy and construct control charts'7' that are or mass spectrometer must be used
 
precision, the analyst must perform useful in observing trends in perfor- Whenever possible, the laboratory
 
the following operations mance The control limits above must 
 should perform analysis of standard 

8.2.1 Select a representative spike be replaced by method performance reference materials and participate in
 

concentration for each compound to criteria as they become available relevant performance evaluation
 

be measured. Using stock standards, from the U S Environmental Protection studies
 

prepare a quality control check sample 
 Agency 	 9. Sample Collection, 
concentrate in acetone 1000 times 8.3.2 The laboratory must develop Preservation, and Handling
 
more concentrated than the selected and maintain separate accuracy
 
concentrations Quality control check statements of laboratory performance 
 9.1 Grab samples must be collected
 
sample concentrates, appropriate for for wastewater samples. An accuracy in glass containers Conventional
 
use with this method, will be available statement for the method is defined sampling practices ' a ' 

should be 
from the U.S. Environmental as R t s. The accuracy statement followed, except that the bottle must 
Protection Agency. Environmental should be developed by the analysis not be prewashed with sample before 
Monitoring and Support Laboratory. of four aliquots of wastewater as collection Composite samples should 
Cincinnati. Ohio 45268 	 described in Section 8.2.2. followed be collected in refrigerated glass 

8.2.2 Using a pipet. add 1.00 mL by the calculation of R and s containers in accordance with the 

of the check sample concentrate to Alternately, the analyst may use four requirements of the program 

each of a minimum of four 1000.mL wastewater data points gathered Automatic sampling equipment must 

aliquots of reagent water A through the requirement for be as free as possible of Tygon and 
continuing quality control in Sectionrepresentative wastewater 	 other potential sources ofmay be 8 4 The accuracy statements should contamination

used in place of the reagent water but 	 be updated regularly 92Tesmls utb cdo 

one or more additional aliquots must 9.2 The samples must be iced or 
be analyzed to determine background 8.4 The laboratory is required to refrigerated at 4 C from the time of 
lev.ls. and the spike level must collect a portion of their samples in 	 collection until extraction 
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9.3 All saniples mutst he extracted 
witlin 7 lays and ,:oiiiplltifv ,nlalyzed 

wit in 40 days of extractionl 

10. Sample Extraction 

10.1 Mark the water meniscus on 

the side of the sample bottle for 
later determination of sample volume 
Pour the entire sample into a two-
liter separatorv funnel 

10.2 Add 6C mL methylene chloride 

to the sample bottle, seal. and shake 

30 seconds to rinse the inner 

surface Transfer the solvent to the 

unnel and extract theseparatory 
sample by shaking the funnel for two 

minutes with periodic venting to 

release excess pressure Allow the 

organic layer to separate from the 

water phase for a minimum of 10 
If the emulsion interfaceminutes 

than one-thirdbetween layers is more 

the volume of the solvent layer. the 

analyst must employ mechanical 
techniques to complete the phase 

separation The optimum technique 

depends upon the sample. but may 

include stirring, filtration of the 

emulsion through 'lass wool. 

centrifugation, or other physical 


methods. Collect the methylene 

chloride extract in a 
250-mL 


Erlenmeyer flask. 


Add a second 60-mL volume of10.310.3 Ad chlod to6the-m lue oftube 

methylene chloride to the sample 

bottle and repeat the extraction a second time, combiningprocedure 

the extracts in the Erlenmeyer flask. 

Perform a third extraction in the same 

manner 
.4 Assemble a Kudrna-Dansh 

a 10-fK-DI concentrator by attaching 
mL concentrator tube to a 500-mL 

evaporative flask. Other concentration 

devices or techniques may be used in 

place of the Kuderna-Danish if the 
metrequirements of Section 8.2 are 

Pour the combined extract10.5 thogrigcouncnann 

through a drying column containing 
about 10 cm of anhydrous sodium 
sulfate, and collect the extract in the 

K-D concentrator. Rinse the 

Erlenmeyer flask and column with 20 
to 30 mL of methylene chloride to 
complete the quantitative transfer, 

two clean boiling10.6 Add one or 
chips to the evaporative flask and 

attach a three-ball Snyder column. 

Prewet the Snyder column by adding 

about 1 mL methylene chloride to the 


top. Place the K.D apparatus on a hot 


water bath (60 to 65"C) so that 


the concentrator tube is partially 


immersd in the hot water, and the
 

entire lower rounded surface of the 


flask is bathed with hot vapor 
 Adlust 

the vertical position of the apparatus 
ditcl thot- watir te wrattirt, aS 

requrired to comlplete the corn:en, 

tration in 15 to 20 innutes At the 

proper rate of distillation the balls 
of the column will actively chatter but 
the chambers will not flood with 
condensed solvent When the 
apparent volume of liquid reaches 1 to 

2 mL. remove the K-D apparatus from 
the water bath and allow it to drain 

for at least 10 minutes while cooling 

NOTE. The dclhlorobenzenes have a 

sufficiently high volatility that signif-

icant losses may occur in ccncentra-

tion steps if care is not exercised. It Is 

rnportant to maintain a constant 

gentle evaporation rate and not to 

allow the liquid volume to fall below 1 

to 2 mL before removing the K-D from 

the hot water bath 

10.7 Momentarily remove the 

Snyder column, add 50 mL hexane 

and a new boiling chip and replace 

the" column Raise the temperature of 

the water bath to 85 to 90'C. 
Concentrate the extract as in Section 

10 6. except using hexane to prewet 

the column. Remove the Snyder 

column and rinse the flask and its 

lower joint into the concentrator tube 
with 1 to 2 mL of hexane. A 5-mL 

syringe is recommended for this 

the concentratoroperation. Stopper
and store refrigerated if further 

processing will not be performed 

immediately. 

10.8 Determine the original sample 

volume by refilling the sample bottle to 

the mark and transferring the water to 

a 1000-mL graduated cylinder 
, Record 

the sample volume to the nearest 5 
mL. 

10.9 Unless the sample is known to 

require cleanup, proceed to analysis 

by gas chromatography. 

11. Cleanup and Separation 

11.1 Cleanup procedures may not 


be necessary for a relatively clean 

sample matrix. The cleanup
 

procedures recommended in this 


method have been used for the 

analysis of various clean waters and 

industrial effluents. If particular 


circumstances demand the use of an 

alternative cleanup procedure. the 

analyst must determine the elution 

profile and demonstrate that the 

recovery of each compound of interest 

is no less than 85%. 
11.2 Florsil column cleanup for 


chlorinated hydrocarbons. 


Adlust the sample extract to11.2. 1 
10 mL with hexane 

july 1982612.5 

11.2.2 Place a 12-q cl arqe of 
IDactivated FtIriiil in ai 10. itir 

After setlhuqchromatrKraphy cnlimn 

the Florisil by tapping ine culumn. 

add a 1 to 2 cm layer of anhydrous 
granular sodium sulfate to the top. 

Allow to cool, then pre-elute the 
column, with 100 mL of petroleum 
ether Discard the eluate and lust 

prior to exposure of the sodium 
sulfate layer to air. quantitatively 

transfer the sample extract andinto
column by decantatonthe 

subsequent petroleum ether wash

ngs. Dscard the eluate. Just pror to 

of the sodium sulfate laerexposure 
to the aor, begin elutmg the column 

w th 200 mL petroleum ether and 

collect the eluate in a 500-mL K-D 

flask equipped with a 5O-mL concen

trator tube. This fractmn should 

contain all of the chlorinated 
hyro cabons
 

hydrocarbons. 
11.2.3 Concenirate the fraction by
 

K-D as in section 10 6 except prewet
 

the column with hexane, When the
 

apparatus is cool. remove the Snyder 

cclumn and rinse the flask and its
 

lower joint into the concentrator tube
 

with 1 to 2 mL of hexane Analyze
 

by GC 

1 2. Gas Chromatography 

12.1 Table 1 summarizes the 

recommended operating conditions for 

the gas chromatograph. This table 
includes retention times and MDL 

that were obtained under these
conditions Examples of the param

by thiseter separations acheved 

are shown i Figures 1
column 

ccoumsa n 2. O hr p k 
and 2. Other packed columns chrom

atographic conditions. or detectors 

may be used if the requirements of 

Section 8.2 are met. Capillary (open

tubular) columns may also be used if 

the relative standard deviations of 

responses for replicate inlections are 

demonstrated to be less than 6% and 

the requirements of Section 8 2 
are met. 

12.2 Calibrate the system daily as 

described in Section 7. 

12.3 If the internal standard 

approach is being used. the internal 
standard must be added to the sample 
extract and mixed thoroughly. 

immediately before injection into the 

instrument. 
12.4 Inject 2 to 5 uL of the sample 

extract using the solvent-flush 
technique"' Smaller (1.0 pL) volumes 

can be inlected if automatic devicesRecord the volume of 
are employed. varestmL
 

the volumet ected 

the extract to the n 0.1 

to the nearest 

0.05 uL. and the resulting peak size 

in area or peak height units. 



13.1 

12.5 The width (it thi, t-lletiiin time 
winiliw ,.ell h iii.ikt itlei ilill,tll(). 

iLilif b hlii..*il m, il| 1 
of actual retenton time variilonts of 
standards over tile c:ourse of a daly 
THree tilies the standar(I devialiUn of 
a relention time, for a :ompouin.d can 
be used to calculate a sugoyested 
window size. however the experience 
of the analyst should weiqh heavily in 
the inter pretation of chronalocJrams 

12.6 If the response for the peak 
exceeds the working range of the 
system, dilute the extract and 
reanalyze 

12.7 If the measurement of the peak 
response is prevented by the presence 
of interferences, further cleanup is 
required 

individual compounds 

1 3. Calculations 
Determine the concentration of 

in the sample 

13.1 	 1 If the external standard 
calibration procedure is used. 
calculate the amount of material 
inlected from the peak response using 
the calibration curve or calibration 
factor in Section 7 2 2. The concentra-
tion in the sample can be calculated 
from Equation 2 

(A)V,)
Eq 2 Concentratron.e(V,)(V )

whreof 

A 	 Amount of material injected, in 
nanugrams 

V. Volume of extract injected (pL). 

V, Volume of total extract (,uL) 

V, Volume of water extracted ImL). 


13.1.2 If the internal standard 
calibration procedure was used. 
calculate the concentration in the 
sample using the response factor (RF) 
determined ir, Section 7 3.2 and 
Equation 3 

(AXI,)
Eq 3. Concentration.jgiL (,)FXV) 

where: 

A, • Response for the parameter 
to be measured. 

A,1 Response for the internal 
standard. 

1, Amount of internal standard 
added to each extract (jg). 

V, Volume of water extracted. 
in liters. 

13.2 Report results in micrograms 
per liter without correction for 
recovery data When duplicate and 
spiked samples are analyzed, report 
all data obtained with the sample 
results 

13.3 For samIles Ircx:e.ssPd a; parl 
,,t ,i s,'1 wiviii i. hl;ihi tcuiy spiki-il 
su'..pl,.r11 1' ry .Ni.w tll . of the 
:onitrol limits in sect:in 8 4. dai for, 


Ilh' afficterd |)
juaramieiers oiiSt h 
labeled as suspect 

14. Method Performance 
14.1 The method detection hr,iit 
(MDLI is defined as the minimum 
concentration of a substance that can 

be measured and reported with 99%
 
confidence that the value is above 


' zero' The MDL concentrations listed 
in Table 1 were obtained using 

repgent water'' Similar results 

were achieved using representative 

wastewaters. 


14.2 This method has been tesed 

for linearity of spike recovery from 

reagent water and has been
 

demonstrated to be applicable over the 
concentration range from the 4 x MDL 
up to 1000 x MDL' °' 

14.3 In a single laboratory (EMSL-
Cincinnati). using three wastewaters 
spiked at six concentration levels, the 
average recoveries presented in Table 
2 were obtained The standard 
deviation of the percent recovery is 
also included in Table 2. 

14.4 The U.S Environmental Pro-
tection Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performancethis method 
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Table I ClouimuatcgraPlIcCotichrlitsatd Methtl Deitect'ioi Limits 

Methlod 

Rete,,toll TiIle OLuuctIoII Limit 
(mIII.l (pg. LIParameter 

13-Ochlorobetizete 6.8 1.9 
76 1.341.4.O chlorobenzetie 
8.3 0.03Hexachloroethane 1 149.31.2.Dicilorobenzene 0.34200Hexachlorobutadietie 

3223 0.05 
3.6" 

1.2.4. Trichlorobetzen2 
0942 .Chloronaftlthalene 

10. r4 0.05Hexachlorobenzene 

OV. I/2.4%Column conditions Supeicoport (80/ 100 mesh) coated with 1.5% 

0V.225 packed in?a 18 m x 2 mm ID glass column with 5%, Methane/95%, 
Column temperature. isothermalArgon carrier gas at a low rate of 25 mL., m. 

at 75 C. except as other wise indicated 

'. Column temperature 165 C. 

Table 2. Single Operator Accuracy and Precision 

Average Standard Spike Number 
of MatrixPercent Deviation RangeParameter 

Recovery % (jg1 L) Analyses Types 

76 25 19 1.268 18 3
2.Chloronaphthalene 

82 10 29.8-356 78 3
1.2.Dchlorobenzene 

85 18 20.4-238 18 31.3.Dichlorobenzene 
89 20 23 0-324 18 3

1.4-.Dchlorobenzene 
95 12 1.29-14 9 18 3

.exachlorobenzene 
96 10 3.12.36 8 18 3Hexachiorobuadiene 
99 12 1 02.14.8 18 3

Hexachloroethane 
96 16 5 1.216 18 3

1.2.4.Trichlorobenzetne 
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Column: 1.5% OV- I + 2.4% 0V-225 
Supelcoport 80/100 

Temperature: 750C. 
Detector: Electron capture 

on 

Ib 

Column: 1.5% OV-I + 2.4% 

0V.225 on 
Supelcoport 80/100

Temperature: 765 0 C. 

Q 

a -. 

. .. 

'.44 

Rtion . . 

6 

.. 

202 

'C 

. . . 

52 

Deteto, 

C 

'D 
.2 

S.Eletrouaesr 

• I 

0 4 8 12 76 20 

Retention time, minutes 

24 

Figure 1. Gas chromatogram of chlorinated 
hydrocarbons. 

0 4 8 12 

Retention time, minutes 

Figure 2. Gas chromatogram of 
chlorinated hydrocarbons. 
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United States 	 Environmental Monitoring and 
Support LaboratoryEnvironmental Protection 

Agency Cincinnati OH 45268 

Research and Development 

'rEPA Test Method 

2,3,7,8-TetrachIorodibenzo-p-
Dioxin - Method 613 

1. Scope and Application 

1.1 This method covers the determi
nation of 2.3,7,8-tetrachlorodibenzo
p-dioxin (2,3.7,8-TCDD). The following 
parameter may be determined by this 
method: 

CAS No.Parameter 	 STORET No. 

2,3,7,8-TCDD 

1.2 This is a gas chromatographic/ 
mass spectrometer (GC/MS) method 
applicable to the determination of 
2,3,7,8-TCDD in municipal and 
industrial discharges as provided under 
40 CFR 136.1. Method 625 may be 
used to screen samples for 
2.3,7,8-TCDD. When the screening 
test is positive, the final qualitative 
confirmation and quantification must 
be made using method 613. 

1.3 The method detection limit (MDL. 
defined in Section 14.1 )(1l for 
2,3,7,8-TCDD is listed in Table 1. The 
MDL for a specific wastewater may be 
different depending upon the nature of 
interferences in the sample matrix, 

1.4 Because of the extreme toxicity
of this compound, the analyst must 

prevent exposure to himself, or to 

others, by materials known or believed 

to contain 2.3,7,8-TCDD. Section 4 of 

this method contains guidelines and 

protocols that serve as minimum safe-
handling standards in a limited access 
laboratory. 

1.5 Any modification of this method, 

beyond those expressly permitted. 
shall be considered as major modifica
tions subject to application and 
approval of alternate test procedures 
under 40 CFR 136.4 and 136.5. 

613.1 	 July 1982 

34675 	 1746-01.6 

1.6 This method is restricted to use
 
only by or under the supervision of
 
analysts experienced in the use of gas
 
chromatograph/mass spectrometers
 
and skilled in the interpretation of mass
 
spectra. Each analyst must demonstrate
 
the ability to generate acceptable
 
results with this method using the
 
procedure described in Section 8.2.
 
2. Summary of Method 

2.1 A one-liter sample of wastewater 
is spiked with an internal standard of
 
labeled 2,3,7,8-TCDD. The spiked
 
sample is then extracted with methy
lene chloride using separatory funnel
 
techniques. The extract is concen
trated and exchanged to hexane while
 
being concentrated to a volume of 1.0

mL or less. Capillary column GCIMS 
conditions are described which allow 

for the separation and measurement of 
2 3 . en2,3,7.8-TCDD in the extract 

2.2 The method provides selected 
column chromatographic cleanup
 
procedures to aid in the elimination of
 

interferences that may be encountered. 

3. Interferences 

3.1 ' Method interferences may be
 
caused by contaminants in solvents,
 
reagents, glassware, and other sample
 

"2:)
 



processing hardware that lead to 
discrete artifacts andoor elevated 
backgrounds at the ions monitored. All 
of these materials must be routinely 
demonstrated to be free from inter-
ferences under the conditions of the 
analysis by running laboratory reagent 
blanks as described in Section 8.5. 

3. 1. 1 Glassware must be scrupulously 
cleaned.14 l Clean all glassware as soon 
as possible after use by rinsing with the 
last solvent used in it. This should he 
followed by detergent washing with 
hot water, and rinses with tap water 
and distilled water. Glassware should 
then be drained dry, and heated in a 
muffle furnace at 400 0C for 15 to 30 
minutes. Sorne thermally stable 
materials, such as PCBs. may not be 
eliminated by this treatment. Solvent 
rinses with acetone and pesticide 
quality hexane may be substituted for 
the muffle furnace heating. Volumetric 
ware should not be heated in a muffle 
furnace. After drying and cooling,, 
glassware should be sealed and stored 
in a clean environment to prevent any 
accumulation of dust or other 
contaminants. Store it inverted or 
capped with aluminum foil. 

3. 1.2 The use of high purity reagents 
and solvents helps to minimize inter-
ference problems. Purification of 
ferene pblemis.ifatiin ofs 
solvents by distillation in all-glass 
systems may be required. 

3.2 Matrix interferences may be 
caused by contaminants that are co-
extracted from ihe sample. The extent 
of matrix interferences will vary 
considerably from source to source, 
depending upon the nature and diver-
sity of the industrial complex or munici-
pality being sampled. 2.3,7,8.TCDD is 
often associated with other interferingcorien&sated wpithd hier atrn 
chlorinated compounds which are at 

concentrations several magnitudes 
h-grier than that of 2.3,7,8-TCDD. The 
cleanup procedu.'es in Section 11 can 
be used to overcome many of these 
interferences, but unique samples may 
require additional cleanup 
approaches'l.5.71 to eliminate false 
positives and achieve the method 
detection limit listed in Table 1. 

3.3 The primary column, SILAR-10C, 
resolves 2.3,7,8-TCDD from the other 
21 isomers13 l. Positive results obtained 
using any other gas chromatographic 
column must be confirmed using this 
column, 

4. Safety 

4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been precisely defined; however, 

each chemical compound should be 
treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must be reduced to the 
lowest possible level by whatever 
means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
reference file of material data handling 
sheets should also be made available to 
all personnel involved in the chemical 
analysis. Additional references to 
laboratory safety are identified18 -101. 
Benzene and 2,3,7.8-TCDD have been 
identified as suspected human or 
mammalian carcinogens. 

4.2 Each laboratory must develop a 
strict safety program for handling of 
2,3,7,8-TCDD. The following labora
tory practices are recommended: 

4.2. 1 Contamination of the labora-
tory will be minimized by conducting all 

manipulations in a hood: 
4.2.2 The effluents of sample 
splitters for the gas chromatograph and 
roughing pumps on the GCIMS should 
pass through either a column of 

activated charcoal or be bubbled 
through a trap containing oil or high-
boiling alcohols. 

4.2.3 Liquid waste should be 
dissolved in methanol or ethanol and 

irradiated with ultraviolet light with 
wavelength greater than 290 nm for 
several days. (Use F 40 BL lamps or 
equivalent.) Analyze liquid wastes and 
dispose of the solutions when 
23,7.8-TCDD can no longer be 
detected. 
4.3 Dow Chemical U.S.A. has issued 
th olwn rcuin rvsdthe following precautions (revised 
11/78) for safe handling of 

2,3,7.8-TCDD in the laboratory: 

4.3. 1 The following statements on 
safe handling are as complete as 
possible on the basis of available 
toxicological information. The 

precautions for safe handling and use 
are necessarily general in nature since 
detailed, specific recommendations can 

be made only for the particular exposure 
and circumstances of each individual 
use. Inquiries about specific operations 
or uses may be addressed to the Dow 
Chemical Company. Assistance in 
evaluating the health hazards of 
particular plant conditions may be 

obtained from certain consulting 
laboratories and from State Depart-
ments of Health or of Labor, many of 
which have an industrial health service. 
2,3,7.8-TCDD is extremely toxic to 
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laboratory animals. However, it has 
been handled for years without injury in 
analytical and biological laboratories. 
Techniques used in handling radio
active and infectious materials are 
applicable to 2.3,7.8-TCDD. 

4.3. 1. 1 Protective Equipment: 
Throw-away plastic gloves, apron or 
lab coat, safety glasses and lab hood 
adequate for radioactive work. 
4.3. 1.2 Training: Workers must be 
trained in the proper method of 
removing of contaminated gloves and 
clothing without contacting the 
exterior surfaces. 

4.3. 1.3 Personal Hygiene: Thorough 
washing of hands and forearms after 
each manipulation and before breaks 
(coffee, lunch, and shift). 

4.3. 1.4 Confinement: Isolated work 
area, posted with signs, segregated 
glassware and tools, plastic-backed 
absorbent paper on benchtops. 

4.3. 1.5 Waste: Good technique 
includes minimizing cuntaminated 
waste. Plastic bag liners should be 
used in waste cans. Janitors must be 
trained in safe handling of waste. 

4.3. 1.6 Disposal of Wastes: 
2,3,7,8-TCDD decomposes above 
800 *C. Low-level waste such as the 
absorbent paper, tissues, animal 
remains and plastic glvoes may be 

burned in a good incinerator. Gross 
quanttigs.,,lpilligrams) should be 
packaged securely and disposed 
through commercial or governmental 
channels which are capable of handling 
high-level radioactive wastes or 
extremely toxic wastes. Liquids should 
be allowed to evaporate in a good hood 

and in a disposable container. Residuesmay then be handled as above. 

4.3. 1. 7 Decontamination: Personal
any mild soap with plenty of scrubbing 
action:6'issware, Tools, and 
Surfaces-Chlorothene NU Solvent 
(Trademark of the Dow Chemical 
Company) is the least toxic solvent 

shown to be effective. Satisfactory 
cleaning may be accomplished by 
rinsing with Chlorothene, then washing 

with any detergent and water. Dish 
water mgn be disposed to the sewer. It 
is prudqpoto minimize solvent wastes 
because they may require special 
disposal through commercial sources 
which are expensive. 

4.3. 1.8 Laundry: Clothing known to 
be contaminated should be disposed 
with the precautions described under 
"Disposal of Wastes." Lab coats or 
other clothing worn in 2,3,7,8-TCDD 
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work area may be laundered. Clothing 
should be collected in plastic bags. 
Persons who convey the bags and 
launder the clothing should be advised 
of the hazard and trained in proper 
handling. The clothing may be put into 
a washer without contact if the 
launderer knows the problem. The 
washer should be run through a cycle 
before being used again for other 
clothing. 

4.3. 1.9 Wipe Tests: A useful method 
of determining cleanliness of work 
surfaces and tool is to wipe the surface 
with a piece of filter paper. Extraction 
and analysis by gas chromatographygas 

can achieve a limit of sensitivity of 0.1 
pg per wipe. Less than 1 y 
2,3,7,8-TCDD per sample indicates 
acceptable cleanliness: anything higher 
warrants further cleaning. More than 
10 g on a wipe sample indicates an 
acute hazard and requires prompt 
cleaning before further use of the 
equipment or work space and indicates 

evaporation of extracts.
further that unacceptable work hav ben emloydpraciceintheconstructed 
practices have been employed in the 
past. 

4.3. 1. 10 Inhalation: Any procedure 
that may produce airborne contamina-
tion must be done with good ventilation, 
Gross losses to a ventilation system 
must not be allowed. Handling of the 
dilute solutions normally used in 
analytical and animal work presents no 
inhalation hazards except in case of an 
accident. 

4.3. 1. 71 Accidents: Remove 
contaminated clothing immediately. 
taking precautions not to contaminate 
skin or other articles. Wash exposed 
skin vigorously and repeatedly until 
medical attention is obtained. 

5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 

or composite sampling. 

5.1.1 Grab sample bottle-Amber 
glass, one-liter or one-quart volume, 
fitted with screw caps lined with 

Teflon. Foil may be substituted for 
Teflon if the sample is not corrosive. If 
amber bottles are not available, protect 
samples from light. The container must 

be washed, rinsed with acetone or 
methylene chloride, and dried before 
use to minimize contamination, 

Automatic sampler (optional)-5.1.2 
Must incrporpate glass samplecontainers for the collection ofa 

minimum of 250 mL.Sample 
containers must be kept refrigerated at 
4 *C and protected from light during 
comoositing. If the sampler uses a 
peristaltic pump, a minimum length of 

compressible silicone rubber tubing 
may be used. Before use. however, the 
compressibie tubing should be 
thoroughly rinsed with methanol, 
followed by repeated rinsings with 
distilled water to minimize the potential 
for contamination of the sample. An 
integrating flow meter is required to 
collect flow proportional composites. 
5. 1.3 Clearly label all samples as 
"POISON" and ship according to 

U.S.D.O.T. requirements. 

5.2 Glassware (AlI specifications are 

suggested. Catalog numbers are 
included for illustration only). 

5.2.1 Separatory funnel-2000-mL 
and 125-mL. with Teflon stopcock. 

5.2.2 Concentrator tube. Kuderna-
Danish- 10-mL, graduated (Kontes 
K-570050-1025 or equivalent). 
Calibration must be checked al the 
volumils employed in the test. Ground 
glass stopper is used to prevent 

5.2.3 Evaporative flask. Kuderna-
Danish- 500-mL (Kontes 

K-570001-0500 or equivalent). 
Attach to concentrator tube with 
springs, 
5.2.4 Snyder column, Kuderna-

Danish-three-ball macro Kntes 

K-503000-01 21 or equivalent). 

5.2.5 Snyder column, Kuderna-
Danish-two-ball micro (Kontes 

K-569001-0219 or equivalent), 
5.2.6 Vials-Amber glass, 10- to 
15-mL capacity, with Teflon-lined 
screw cap. 

5.2. 7 Chromatography column- 300 
mm long x 10 mm ID with coarse 
fritted disc at bottom and Teflon 

stopcock. 
5.2.8 Chromatography column- 400 

mm long x 11 mm ID with coarse 
fritted disc at bottom and Teflon 
stopcock. 

5.3 Boiling chips-approximately 
10/40 mesh. Heat to 400 °C for 30 
minutes or Soxhlet extract with 
methylene chloride. 
5.4 Water bath-He:jted, with 

concentric ring cover, capable of 
temperature control I t 2 *C). The bath 

should be used in a hood. 

5.5 GCIMS system. 

5.5.1 Gas chromatograph-An 
analytical system complete with all 
required accessorios including syringes, 
analytical columns, and gases. The 
inlection port must be designed for 
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capillary columns. Either split. splitless. 

or on-column inlection techniques may 
be: employed. as long as the reouire. 
ments ol Section 7.1.1 are achieved. 

5.5.2 Primary column- 50 m long x 
0.25 mm ID glass, coated with SILAR
1OC (or equivalent). An equivalent 
column must resolve 2,3,7.8-TCDD 
from the other 21 TCDD isomers. 
Guidelines for the use of alternate 
columns are provided in Section 12.1. 

5.5.3 Mass Spectrometer-Either 
low resolution mass spectrometers 
(LRMS)or high resolution mass spec

rmeter hhrso ma ssec
may be used. Thespectrometer must be equippedtripmetersmass eHRMS) 

with a 70 volt (nominal) ion source and 
be capable of acquiring ion abundance 
data in real time Selected Ion 
Monitoring (SIM) for groups of four or 
more ions. 

5.5.4 GC/MS interface--Any gas 
chromatograph to mass spectrometer 
interface can be used that achieves the 

requirements of Section 7.1.1of glass or glass-lined 
-materials are recommended. Glass 
surfaces can be deactivated by 

silanizing with dichlorodimethylsilane. 
To achieve maximum sensitivity, the 
exit end of the capillary column should 
be placed in the ion source. A short 
piece of fused silica capillary can be 
used as the interface to overcome 
problems associated with straightening 
the exit end of glass capillary columns. 
5.5.5 The SIM data acquired during 

the chromatographic program is 
defined as the Selected Ion Current 
Profile (SICP. The SICP can be 
acquired under computer control or as 
real time analog output. If computer 
control is used. there must be software 
available to plot the SICP and report 
peak height or area data for any ion in 
the SICP between specified time or scan number limits. 

5.6 Balance-Analytical, capable of 
accurately weighing 0.0001 g. 
6. Reagents 

6.1 Reagent water-Reagent water is 

defined as a water in which an inter
ferent is not observed at the MDL of
 
2,3.7.8-TCDD,
 

6.2 Sodium hydroxide solution
(ACS) Dissolve 400 g NaOH in reagent 

water and dilute to one liter. Wash the 
solution with methylene chloride and 
with hexane before use. 

6.3 Sodium thiosulfate-IACS)
 
Granular.
 

6.4 Sulfuric acid (Conc.)-IACS) sp. 
gr. 1.84. 



6.5 Methvlene chloride. hexane, tion of 25 ng/mL. (See Section more 2.3,7.8.TCDD calibration 

benzene. tetradecane- Pesticide 10.2.1.) standards. II the response for 

quality or equivalent. 
(ACS) Granular.Sodium sulfate-6.6 

anhydrous purified by heating at 
400 C for four hours in a shallow 

tray). 

6.7 Alumina- neutral, 80/200 mesh 
(Fisher Scientific Co., No. A-540 or 
equivalent). Before use, activate for 24 
hours at 130 0C in a foil covered glass 
container, 

6.8 Silica gel-high purity grade. 
100/120 mesh. (Fisher Scientific Co., 

No. S-679 or equivalent). 

6.9Stcktadar sluton (1006.9 Stock standard solutions (1.00 
pgrpL)--Stock standard solutions canbe prepared from pure standard 

7. Calibration 2.3.7.8.TCDD varies from the7. Clibrtionpredicted response by more than 

response factors of at least threepue sandrdconcentration ratios of 2.3,7.8-TCDDbe repredfro 

7.1 Establish gas chromatographic 
conditions for the GC/MS system 

equivalent to those indicated in Table 1 
and SIM conditions for the mass spec. 
trometer as described in Section 12.2. 
The GC/MS system must be calibrated 
using the internal standard technique. 
By injecting calibration standards, 
establish ion response factors for 

2.3,7,8-TCDD vs. an internal standard 
(either 13C 1 2 or 3C14 2,3,7,8-TCDD). 

7. 1. 1 Using stock standards, prepare 

that will allow measurement of relativeGC/MS calibration standard solutions 
responselfaor oeas t three 

materials or purchased as certified 
solutmons. Acetone should be used as 
the solvent for spiking solutions; ortho-
xylene s recommended for calibration 
standards for split ijectors; and 
tetradecane is recommended for 
splitless or ontcolumn inectors. 
Analyze stock internal standards to 
verify the absence of native 
2.3,7,8-TCDD. 

6.9. 1 Prepare stock standard 
solutions of 2,3.7,8-TCDD (mol wt 

320) and either 37C 4 2,3,7,8-TCDD 
(mol wt 328) or 13C 12 2,3,7,8-TCDD 
(mol wt 332) in an isolated area by 
accurately weighing about 0.0100 g of 
pure material. Dissolve the material in 
pesticide quality solvent, dilute To 
volume in a 10-mL volumetric flask. If 
compound purity is certified at 96% or 

greater, the weight can be used 
without correction to calculate the 
concentration of the stock standard. 
Commercially prepared stock standards 
can be used at any concentration if 

they are certified by the manufacturer 
or by an independent source. 

6.9.2 Transfer the stock stand.id 
solutions into Teflon-sealed screw-cap 
bottles. Store in an isolated refrigerator 
protected from light. Stock standard 
solutions should be checked frequently 
for signs of degradation or evaporation, 
especially just prior to preparing cali-
bration standards or spiking solutions 
from them. 

6.9.3 Stock standard solutions ii.ust 
be replaced after six months or sooner 
if comparison with check standards 
indicates a problem. 

6.10 Internal standard spiking 
solutions (25 ng/mL)-Using stock 
standard solution. Prepare a spiking 
solution in acetone of either 13C 12 or 
3 7C; 4 2.3, 7.8-TCDD at a concentra-

to internal standard. Each solution 
t be prepared to contain the 

internal standard at a concentration of 
25 rqg/mL. If any interferences are' 
contributed by the internal standard at 
m/e 320 and 322, its concentration 
may be reduced in calibration 
standards and in the internal spiking 
solution (Section 6.10). One of the 
calibration standard solutions should be 

prepared to contain 2,3,7.8-TCDD 
representing a concentration near, but 

above, the MDL. The other 

2,3,7.8-TCDD concentrations should 
correspond to the expected range of 
concentrations found in real samples. 
7. 1.2 Using injections of 2 to 544_ 

tabulate peak height or area respofm
against the concentration of 2.3,8 

TCDD and internal standard in each 
calibration standard, and calculate 
response factors (RF) for 2.3.78-

C 
Eq. 1 RF = IAC,,)l(AiC,) , 

where: 
As = SIM response for 2.3,7,8-

TCDD m/e 320. " ILI 
As = SIM response for internal 

standard. Woe 332 for t3C1 2 
2,3,7,8-TCDD, m/e 328 for 
37C14 2.3.7.8-TCDD. 

C,, = Concentration of the internal 
standard, (pq/L). 

C, = Concentratio.-. of 
2,3.7.8-TCDD (/g/L). 

If the RF value over the working raftge
is a constant (<10% RSD), the RF can 
be assumed to be invariant and the 
average RF can be used for 
calculations. Alternatively, the results 

can be used to plot a calibration curve 
ofreprepare 
7. 1.3 The working calibration curve 
or RF must be verified on each working 
day by the measurement of one or 

± 10%, the test must be repeated 
using a fresh calibration standard. 

Alternatively, a new calibration curve 
must be prepared. 

7.2 Before using any cleanup pro
cedure, the analyst must process a 
series of calibration standards through 
the procedure to validate elution 
patterns and the absence of 

interferences from the reagents. 

8. Quality Control 
8.1 Each laboratory tl'at u.ses this 

method is required to operate a formalqaiycnrlporm h iiuquality control program. The minimum 

requirements of this program consist of 

an initial demonstration of laboratory 
capability and the analysis of spiked 
samples as a continuing check on 
performance. The laboratory is required 
to maintain performance records to 

define the quality of data that is 
generated. Ongoing performance 
checks must be compared with estab
lished performance criteria to 

determine if the results of analyses are 

within accuracy and precision limits 
expected of the method. 

8. 1. 7 Before performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision with 
this method. This ability is established
 
as described i Section 8.2.
 

8. 1.2 In recognition of the rapid 
advances that are occurring in both 
mass spectrometry and gas chroma
tography, the analyst is permitted 
certain options to improve the 
separations or lower the cost of 
measurements. Each time such 
modifications are made to the method. 
the analyst is required to repeat the 
procedure in Section 8.2. 

8. 1.3 The laboratory must spike and 
analyze a minimum of 10% of all 
samples with native 23, 7.8-TCDD to 
monitor continuing laboratory 
performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and 
precision, the analyst must perform the 
following operations. 

8.2.7 Using stock standard solution. 
a quality control check sample 

concentrate containing 2.3,7,8-TCDD 
at a concentration of 15 ng/mL in 
acetone. 
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8.2.2 Using a pipet. add 1.00 mL of 
the check sample concentrate to each 
of a minimum of four 1000-mL aliquots 
of reagent water. A representative 
wastewater may be used in place of 
the reagent water, but one or more 
additional aliquots must be analyzed to 
determine background levels, and the 
spike level must exceed twice the 
background level for the test to be 
valid. Analyze the aliquots according to 

the method beginning in Section 10. 

8.2.3 Calculate the average percent 

recovery. fRI. and the standard devia-
tion of the percent recovery is). for the 

results. Wastewater background 
corrections must be made before R and 

s calculatins are performed. 

8.2.4 Using Table 2, note the 
average recovery (X) and standard 
deviation (p) expected for each method 

parameter. Compare these to the 

calculated values for R and s. If s> 2p 

or IX - RI > 2p, review potential 

problem areas and repeat the test. 


8.2.5 The U.S. Environmental Pro-
tection Agency plans to establish 
performance criteria for R and s based 
upon the result of interlaboratory 

testing. When they become available, 

these criteria must be met before any 

samples may be analyzed. 


8.3 The analyst must calculate 
method performance criteria and define 
the performance of the laboratory for 
paamhestke boeintratiod 
parameter being measured. 
8.3. 1 Calculate upper and lower 

control limits for method performance: 

Upper Control Limit (UCL) = R + 3s 

Lower Control Limit (LCL) = R - 3s 


where R and s are calculated as in 
Section 8.2.3. The UCL and LCL can 
be used to construct control chartsll 1) 
that are useful in observing trends in 
performance. The control limits above 
must be replaced by method perfor-
mance criteria as they become avail-
able from the U.S. Environmental 
Protection Agency. 

8.3.2 The laboratory must develop 
and maintain separate accuracy state-
ments of laboratory performance for 
wastewater samples. An accuracy 
statement for the method is defined as 
R ± s. The accuracy statement should 
be developed by the analysis of four 

aliquots of wastewater as described in 

Section 8.2.2. followed by the calcula-
tion of Rand s. Alternately. the analyst 
may use four wastewater data points 
gathered through the requirement for 
continuing quality control in Section 

8.4. The accuracy statements should 
be updated regularlyi 1 )'. 
8.4 The laboratory is required to 
collect a portion of their samples in 
duplicate to monitor spike recoveries. 
The frequency of spiked sample 
analysis must be at least 10% of all 
samples or one sample per month, 
whichever is greater. One aliquot of the 
sample must be spiked and analyzed as 
described in Section 8.2. If the 

recovery for 2,3.7,8-TCDD does not 

fall within the control limits for method 

performance, the results reported for 
2,3.7,8-TCDD in all samples processed 

as part of the same set must be 
qualified as described in Section 13.4. 
The laboratory should monitor the 
frequency of data so qualified to 

ensure that it remains at or below 5%. 

8.5 Before processing any samples, 
the analyst should demonstrate 
through the analysis cf a one-liter 
aliquot of reagent water, thai all 

glass;Nare and reagent interferences 
are under control. Each time a set of 
samples is extracted or there is a 

change in reagents, a laboratory 
reagent blank should be processed as a 
safeguard against laboratory 
contamination, 
8.6 It is recommended that the 
laboratory adopt additiondl quality 

assurance practices for use with this 
method. The specific practices that are 
most productive depend upon the 
needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precision of 
the sampling technique. Whenever 

possible, the laboratory should perform 

analysis of standard reference 
materials and participate in relevant 
performance evaluation studies. 

9. Sample Collection, 

Preservntion, and Handling 


9.1 Grab samples must be collected 
in glass containers. Conventional 
sampling practices(" 21 should be 
followed, except that the bottle must 
not be prewashed with sample before 
collection. Composite samples should 

be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. 
Automatic sampling equipment must 


be as free as possible of Tygon and 

other potential sources of 

contamination, 

9.2 The samples must be iced or 

refrigerated at 4 OC and protected from 
light from the time of collection until 
extraction. If the sample contains 
residual chlorine, add 80 mg of sodium 
thiosulfate per each liter of sample. 
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U.S. Environmental Protection Agency 
methods 330.4 and 330.5 may be 
used for measurement of residual 
chlorine" 31. Field test kits are availble 
for this purpose. 
9.3 Label all samples and containers 
POISON and ship according to 
applicable U.S. Department of 
Transportation regulations. 
9.4 All samples must be extracted 

within 7 days and completely analyzed 

within 40 days of extraction 
2 . 

10. Sample Extraction 

When using this method toCAUTION: 
analyze for 2.3. 7,8-TCDD, all of the 
following operations must be 
performed in a limited access 

laboratory with the analyst wearing full 
protective covering for all exposed skin 
surfaces. See Section 4.2. 

10. 1 Mark the water meniscus on the 

side of the sample bottle for later 
determination of s4mple volume. Pour 
the entire sample into a two-liter
 
separatory funnel.
 

10.2 Add 1.00 mL of internal 
standard spiking solution to thv sample 
in the separatory funnel. If the final 
extract will be concentrated to a fixed 
volume below 1.00 mL (Section 12.3), 
only that volume of spiking solution 
should be added to the sample so that 
the final extract will represent 25
 
nglmL at the time of analysis.
 
10.3 Add 60 mL methylene chloride 

to the sa ml tlee hake 
to the sample bottle, seal, and shake 
30 seconds to rinse the inner surface. 

to the separatoryTransfer the solvent 

funnel and extract the sample by
 
shaking the funnel for two minutes 
with periodic venting to release excess 
pressure. Allow the organic layer to 
separate from the water phase for a 
minimum of 10 minutes. If the emul
sion interface between layers is more 
than one-third the volume of the 
solvent layer, the analyst must employ 
mechanical techniques to complete the 
phase separation. The optimum tech
nique depends upon the sample, but 
may include stirring, filtration of the 
emulsion through glass wool. centrifu
gation, or other physical methods. 
Collect the methylene chloride extract 
in a 250-mL Erlenmeyer flask. 

10.4 Add a second 60-mL volume of 
methylene chloride to the sample bottle 
and repeat the extraction procedure a 

second time. combinng the extracts in 

the Erlenmeyer flask. Perform a third 
extraction in the same manner. 

10.5 Assemble a Kuderna-Danish
 
IK-D) concentrator by attaching a
 



10-mL concentrator tube to a 500.mL 
evaporative flas. Otner concentration 
devices or techniques may be used in 
place of the K-D it the requirements of 
Section 8.2 are met. 

10.6 Pour the combined extract into 
the K.D concentrator. Rinse the 
Erlenmeyer flask and column with 20 

to 30 mL of methylene chloride to 

complete the quantitative transfer. 

10.7 Add one or two clean boiling 
chips to the evaporative flask and 
attach a three-ball Snyder column. 
Prewet the Snvder column by adding 
about 1 mL methylene chloride to the 
top. Place the K.D apparatus on a hot 
water bath 160 to 65 0C so that the 

concentrator tube is partially immersed 
in the hot water, and the entire lower 
rounded surface of the flask is bathed 
with hot vapor. Adjust the vertical 
position of the apparatus and the water 
temperature as required to complete 
the concentratibn in 16 to 20 minutes. 
At the proper rate of distillation the 
balls of the column will actively chatter 
but the chambers will not flood with 
condensed solvent. When the apparent 
volume of liquid reaches 1 mL, remove 
the K.D apparatus from the water bath 
and allow it to drain and cool for at 
least 10 minutes. 

10.8 Momentarily remove the Snyder 

column, add 50 mL hexane and a new 

boiling hip arempae othe olum.Raise the temperature of the water 

bath to 85 to 90 0C. Concentrate the 
extract as in Section 10.7, except 
using hexane to prewet the column. 
Remove the Snyder column and rinseSydr clunRemveth ndrise 

the flask and its lower joint into the 
concentrator tube with 1 to 2 mL of 
hexane. A 5-mL syringe is 
recommended for this operation. Set 

aside a K-D glassware for reuse in 
Section 10.14: 

10.9 Pour the hexane from the 
concentrator tube into a 12 5-mL 

separatory funnel. Rinse the 
concentrator tube four times with 

10-mL aliquots of hexane. Combine all 
rinses in the 125-mL separatory 
funnel. 

10.10 Add 50 mL of 10N sodium 
hydroxide solution to the funnel and 
shake for 30 to 60 seconds. Discard 
the aqueous phase,.enuc11 eform wpasecd h 

10.,11 Perform a second wash of the 
organic layer with 50 mL of reagent 
water. Discard the aqueous phase. 

10.12 Wash the hexane layer with at 
least two 50-mL aliquots of concen-
trated sulfuric acid. Continue washing 
the hexane layer with 50-mL aliquots 

of concentrated sulfuric acid until the 
acid layei r.,inains colorless. Discard all 
acid fractions. 

10.13 Wash the hexane layer with 
two 50mL aliquots of reagent water. 
Discard the aqueous phases. 

10.14 Transfer the hexane layer into 

a 12 5-mL Erlenmeyer flask containing 

1 to 2 g anhydrous sodium sulfate. 
Swirl the flask for 30 seconds and 
decant the hexane into the 
reassembled K-D apparatus. Complete 

the quantitative transfer with two 
10.mL hexane rinses of the Erlenmeyer 
flask. 

10.15 Replace the one or two clean 

boiling chips and concentrate the 
extract to 6 to 1 0 mL as described in 
Section 10.8. 
10.16 Add a clean boiling chip and 
attach a micro-Snyder column. Prewet 

the column by adding about 1 mL 
hexane to the top. Place the K-D 
apparatus on the 80 0C water, bath so 
that the concentrator tube is partially 
immersed in the hot water. Adjust the 
vertical position of the apparatus and 
the water temperature as required to 
complete the concentration in 5 to 10 
minutes. At the proper rate of distilla
tion the balls of the column will 

actively chatter but the chambers will 
not flood. When the apparent volume
of liquid reaches about 0.5 mL. remove 

the K-D apparatus and allow it to drainfra es 0mntswiecoig 

for at least 10 minutes whie cooling.Remove the micro.,,n,.er column and 

rinse its lower jointpto the concen- 
trator tubu with 0.2 mL hexane. Adjustthe extract volume to 1 .0 mL with 

hexane. Stopper the concentrator tube 
and store refrigerated and protected 
from light if GC/MS analysis or cleanup 

will not be performed immediately. 
10.17 Determine the original sample 

volume by refilling the sample bottle to 

the mark with watland measuring the 

volume in a 1000-mL graduated 
cylinder. Record the sample volume to 

the nearest 5 mL. 
11. Cleanup and Separation 

11.1 Cleanup procedures may not be 
necessary for a relatively clean sample 
matrix. The cleanup procedures 
recomrended in t0iicmethod have 

o h nlsso aiu 
been usat for the anblysis of various 

clean waters and industrial affluents, 
The single operator precision and 
accuracy data in Table 2 was gathered 
using the recommended cleanup 
procedures. If particular circumstances 
demand the use of an alternative 
cleanup procedure. the analyst must 
determine the elution profile and 
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demonstrate that the recovery of 
2.3,7,8-TCDD is reproducible and 
equivalent to the recovery of the 
internal standard. Two cleanup column 
options are offered to the analyst in 
this section. The alumina column 
should be used first to overcome 

interferences. If background problems 

are still encountered, the silica gel 

column may be helpful. Other cleanup 
procedures have been described to 
overcome special interference 
problemsll.5.Ti. 

11.2 Alumina column cleanup for 
2,3,7.8-TCDD. 

11.2.7 Filla300mmlong x 10mm 
ID chromatography column with 

activated alumina to the 1 50 mm level, 
tapping the column gently to settle the 
alumina. Add 10 mm anhydrous 
sodium sulfate to the top of the 
alumina. 
11.2.2 Preelute the column with 50 
mL hexane. Adjust the elution rate to 1 
mLmin. Discard the eluate and just 
prior to exposure of the sodium sulfate 
layer to the air, transfer the entire 1.0 
mL sample extract onto the column. 
using two additional 2-mL portions of 
hexane to complete the transfer. 

11.2.3 Just prior to exposure of the 
sodium sulfate layer to the air, add 50 
mL 3% methylene chloride197%
hexane (V/V) and continue the elution 

of the column. Discard the eluate. 

1.24Nxeltthcounwh 
50 mL 20% methylene chloride/80% 
hexane (VIV into a 500 mL K-D flask 
equipped with a 10-mL concentrator 

11.2.4 Next elute the column with 

exane wit a mL -entaso 
tube. Concentrate the collected 
fraction to 1.0 mL by standard K-D 
techniques and analyze by GC/Ms. 

11.3 Silica gel column cleanup for 
2.3.7,8-TCDD. 

17.3. 1 Fill a 400 mm long x 11 mm 

ID chromatography column with silica 
gel to the 300 mm level, tapping the 

column gently to settle the silica gel. 

Add 10 mm anhydrous sodium sulfate 
to the top of the silica gal. 

11.3.2 Preelute the column with 50 

mL 20% benzene/80% hexane (VV).
Adust the elution rate to 1 mL/min.
Discard the eluate and just prior to 
Disr the sodust rior to 

exposure of the sodium sulfate layer to 
the air, transfer the entire 1 .0 mL 
sample extract onto the column, using 
two 2 mL portions of 20% benzene/ 
80% hexane to complete the transfer. 

11.3.3 Just prior to exposure of the 
sodium sulfate layer to the air, add 40 
mL 20% benzene/80% hexane to the 
column. Collect the eluate in a clean 

http:problemsll.5.Ti
http:micro.,,n,.er


500.mL K.D flask equipped with a 
10-mL concentrator tube. 

11.3.4 Evaporate the fraction to 1.0 
mL by standard K-D techniques and 
analyze by GC/MS. 

12. GC/MS Analysis 

12.1 Table 1 summarizes the 

recommended gas chromatographic 
capillary column and operating condi-
tions for the instrument. Included in 
this table are the estimated retention 
time and MDL that can be achieved by 
this method. Other capillary columns or 
chromatographic conditions may be 
used to screen samples if the 
requirements of Section 8.2 are met. 
Confirmation of 2.3.7.8.TCDD must 
be accomplished using a GC column 
that separates 2,3.7,8-TCDD from all 
other TCDD isomers. 

12.2 Analyze standards and samples 
with the mass spectrometer operating 
in the SIM mode using a dwell time to 
give at least seven points per peak. For 
LRMS, use ions at m/e 320, 322, and 
257 for 2.3.7.8-TCDD and either the 
ion at m/e 328 for 37Cl 2,3.7,8-TCDD 
or mle 332 for 13C 2,3.7.8-TCDD. For 
HRMS, use ions at m/e 319.8965 and 
321.8936 for 2.3,7,8-TCDD and 
either the ion at in/e 327.8847 for 

or m/e 331.936737CI 2.3.7.8-TCDD 
for 13C 2.3.7,8-TCDD. 

12.3 If lower detection limits are 
required, the extract may be carefully 
evaporated to dryness under a gentle 

tratortube n a water bath at about 
40 C. Do this immediately before 

GC/MS analysis. Redissolve the extract 
in the desired final volume of ortho-
xylene or tetradecane. The method 
performance data reported in Section 
14 was gathered using a final extract
volume of 0.2 mL. 

12.4 Calibrate the system daily asvolume of 0.2 mLl 
Thedescribed in Section 7.1.3 

volume of calibration standard injected 
must be measured, or be the same as 

all sample injection volumes, 

12.5 Inject a 2 to 5 ;AL aliquot of the 
sample extract. 
12.6 The presence of 2.3.7,8-TCDD 

is qualitatively confirmed if all of the 
following criteria are achieved,folwnrtraaeaheesuggested. 

The gas chromatographic
12.6. 1 
column must resolve 2,3,7.8-TCDD 
from the other 21 TCDO isomers. 

12.6.2 The ions for native 2.3,7,8-
TCDD (LFMS-m/e 320. 322. and 257 
and HRMS-mle 320 and 322) and 
labeled 2.3.7.8-TCDD (le 328 or 

3321must exhibit a simultaneous 
maximum at a retention time that 
matches that of native 2.3.7.8-TCDD 
in the calibration standard, within the 
performance specifications of the 
analytical system. 

12.6.j The chlorine isotope ratio at 
m/e 320 and r/e 322 must agree to 
within ± 10% of that in the calibration 
standard. 

12.6.4 The signal of all peaks must 
be greater than 2.5 times the noise 
level. 

12.7 For quantitation, measure the 
response of the mie 320 peak for 
2,3,7,8-TCDD and the m/e 332 peak 
for 13C 1 2 2.3.7,8-TCDD or the m/e 
328 peak for 37CI 4 2,3,7,8-TCDD. 

12.8 Co-eluting impurities are 
suspected if all criteria are achieved 
except those in Section 12.6.3. In this 
case, another SIM analysis using ions 
at m/e 257, 259, 320 and either m/e 
328 or m/e 322 can be performed, 
The ions at m/e 257 and m/e 259 are 
indicative of the loss of one chlorine 
and one carbonyl group from 2.3,7,8-
TCDO. If the ions m/e 257 and n/e 
259 give a chlorine isotope ratio that 
agrees to within :t 10% of the same 
cluster in the calibration standards. 
than the presence of TCDD can be 

confirmed. Co-eluting DOD. DDE. and 

PCB residues can be confirmed, but 

will require another injection using the
 

appropriate SIM ions or full repetitive 
mass scans. If the response for 37CI 
2.3,7.8-TCDD at r/e 328 is too large. 
PCB contamination is suspected and 

can be confirmed by examining the 
response at both ile 326 and m/e 
328. The 37CI 2.3.7,8-TCDD internal 
standard gives negligible response at 

m/e 326. These pesticide residues can 
be removed using the alumina .column 

cleanup, 
12.9 If broad background interfer-


ence restricts the sensitivity of the 

GC/MS analysis, the analyst should 

employ additional cleanup procedures 

and reanalyze by GC/MS. 


12.10 In those circumstances where 
these procedures do ,:., "eld adefinitive conclusion. tten the use of 

dfntvcolui, tethusoft 5' high resolution mass spectrometry is 

13. Calculations 

13.1 Calculate the concentration of 
2,3.7.8-TCDD in the sample using the 

response factor (RF) determined in 
7.1.2 and equation 2. 
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Eq. 2 
Concentratin. Ag/I = 

A,s)IRF)V o) 

where: 
As = SIM response for 2.3,7.8-

TCDD ion at m/e 320. 
A,1 = SIM response for the internal 

standard ion at in/e 328 or 
332. 

Is = Amount of internal standard 
added to each extract (yg). 

= Volume of water extracted, inVo 
liters. 

13.2 For each sample, calculate the 
percent recovery of the internal 
standard by comparing the area of the 
ion peak measured in the sample to the 
area of the same peak in the calibration 
standard. If the recovery is below 
50%. the results of the sample 
analysis must be qualified as described 
in Section 13.4. 

13.3 Report results in micrograms 
per liter. When duplicate and spiked 
samples are analyzed. report all data 
obtained with the sample results. 
13.4 For samples processed as part
of a set where the laboratory spiked 
sfmale wher felaboutsied 
sample recovery falls outside of the 
internal standard recovery is below 
50% the data for 2,3.7.8-TCDD must 

be labeled as suspect. 

14. Method Performance 

14.1 Method detection limit-The 
method detection limit (MDL) is defined 
as the minimum concentration of a
 
substance that can be measured and
 

reported with 99% confidence that the 
1)

value is above zero . The MDL 
concentration listed in Table 1 was
 

t 14 1.
obtained using reagent water 

14.2 In a single laboratory (Monsanto
Research Corporation), usingnspiked 

peetdi al a bandl4samples, the average recovery 
presented in Table 2 was obtained. t 

4 ) 

The average standard deviation of the 
percent recovery is also included in 

Table 2. The results for quality control 
checks for this study are presented in 
Table 3. 
14.3 The U.S. Environmental Protec
tiondAgcisnnteroessr moftion Agency is in the process of 

conducting an interlaboratory method 
study to fully define the performanceof this method. 
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Table 1. 	 Chromatographic Conditions and Method 
Detection Limit 

Retention Time Detection 

Parameter min.) Limit (g/LJ 

2,3,7,8-TCDD 34.5 0.002 

Column conditions: SILAR- 10C coatedona 50m long O.25 

mm ID glass column with helium carrier gas !30 cm/sec 

lXnear velocity, splitle ".?injector. Column temperature pro

grammed: isothermt'! iUO0 C for 3 minutes, then pro

grammedat20 
0 C/minto 180*Cand2 

0 C/minto250*C.
 

Table 2. 	 Single Operator Accuracy and Precision 

Average Standard 
Spike Percent Deviation 
lAg/L Recovery %Parameter Matrix 

2,3, 7,8. TCDD Reagent water 0.005 95.4 10.2 

2,3, 7,8-TCDD Industrial waste 0.005 85.8 6.6 
2.3,7,8-TCDD Municipal waste 0.025 92.4 18.7 

Table 3. 	 Quality CotitrolResults (74) 

Internal 
320/322 Standard 

Matrix 	 Isotope Ratios Recovery 

Reagent water 0.87 t± 70487%% 
Municipal waste 0.83 ± 0.02 14% 
Industrialwaste 0.79 0.040.07 

_ 
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Method 624
 

1. Scope and Application 

1.1 This method covers the determi
nation of a number of purgeable 
organics. The following parameters 
may be determined by this method: 

Parameter , 

Benzene L 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride L 
Chlorobenzene 
Chloroethane 
2.Chloroethylvind-ether 
Chloroforme 
Chloromethane 
Dibromochloromethane 
1.2-Dichlorobenzene 
1,3-Dichlorobenzene 
1 .4.Dichlorobenzene 
1,1-Dichloroethane 
1.2-Dichloroethane 
1.1 -Dichloroethene 
trans- 1.2-Dichloroethene 
1.2-Dichloropropane 
cis- 1.3-Dichloropropene 
trans- 1.3-Dichloropropene 
Ethylbenzene 
Methylene chloride u," 
1.1.2,2-Tetrachloroethene 
Tetrachloroethene 
Toluene V 
1 1.1-Trichloroethane 
1I 1.2-Trichloroethane 
Trichloroethene 
Trichlorof luoromfthane 
Vinyl chloride 

1.2 The nothod may be extended to 
screen samples for acrolein ISTORET 
No. 34210, CAS No. 107-02-8) and 
acrylonitrile (STORET 34215, CAS No. 
107-13-1). however, the preferred 
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Support Laboratory 
Cincinnati OH 45268 

STORET No. CAS No. 

34030 71-43-2 
32101 75-27-4 
32104 75-25-2 
34413 74-83-9 
32102 56-23-5 
34301 108-90-7 
34311 75-00-3 
34576 110-75-8 
32106 67-66-3 
34418 74-87-3 
32105 124-48-1 
34536 95-50-1 
34566 541-73-1 
34571 106-46-7 
34496 75-34-3 
34531 107-06-2 
34501 75-35-4 
34546 156-60-5 
34541 78-87-5 
34704 10061-01-5 
34699 10061-02-6 
34371 100-41-4 
34423 75-09-2 
34516 79-34-5 
34475 127-18-4 
34010 108-88-3 
34506 71-55-6 
34511 79-00-5 
39180 79-01-6 
34488 75-69-4 
39175 75-01-4 

method for these two compounds is
 
method 603.
 

1.3 This is a purge and trap gas 
chromatographic/mass spectrometer 



IGCMSI method applicable to the 	 the analysis by running laboratory 
reagent blanks as described in Sectiondetermination of the compounds listed 

above in municipal and industrial 8.5. The use of non.TFE plastic tubing, 

discharges as provided under 40 CFR non-TFE thread sealants, or flow 

1 36.1. controllers with rubber components in 

the purging device should be avoided,1.4 liit mtho1 .4 The method detection limithe IMDLIDL.whendetct~o 

3.2 Samples can be contaminated by 
defined in Section 14.1 )(t) for each 

diffusion of volatilerganics Iparticu-
parameter is listed in Table 1. The MDL 

larly fluorocarbons and methylene 
for a specific wastewater differ from 

those listed, depending upon the 	 chloride) through the septum seal into 
the sample during shipment andnature of interferences in the sample 

matrix, storage. A field reagent blank prepared 
from reagent water and carried through 

1.5 Until the U.S. Environmental Pro- the sampling and handling protocol can 

tection Agency establshes perur- serve as a check on such 
mance criteria based upon the results 	 contamination,.etr(ire#37 

of interlaboratory testing, any 
alternative GCIMS method which 3.3 Contamination by carry over can 

meets the performance criteria 	 occur whenever high level and low 
level samples are sequentiallydescribed in Section 8.2 will be 

permitted. Performance must be analyzed. To reduce carry over, the 
purging device and sample syringeverified for such modification by 
must be rinsed with reagent wateranalyzing wastewater as described in 
between sample analyses. WheneverSection 8.2.2. In addition, the 

laboratory must successfullypartici- an unuqually concentrated sample is 

pate in the applicable performance encountered, it should be followed by 

evaluation studies. 	 an analysis of reagent water to check 
for cross contamination. For samples

1.6 This method is restricted to use containing large amounts of water-
by or under the supervision of analysts soluble materials, suspended solids, 
experenced in the use of purge and high bciling compounds or high purge-
trap systems and gas chromatograph/ 	 able levels, it may be necessary to

wash out the purging device with a 
mass spectrometers and skilled in the 
interpretation of mass spectra. Each detergent solution. rinse it with distilled 
analyst must demonstrate tne ability to water, and then dry it in a 105 0C oven 
generate acceptable results with this between analyses. The trap and other 
method using the procedure described parts of the system are also subject to 
in Section 8.2. Ar contamination; therefore. frequent 

2. Summary of Method,-	 bakeout and purging of the entire 
v system may be required. 

2.1 An iart gas is bubbled through a 	 4. Safety 

S-mL sample contained in a specially-
designed purging chamber at ambient 4.1 The toxicity or carcinogenicity of 
temperature. The purgeables are each reagent used in this method has 
efficiently transferred from the not been precisely defined: however, 
aqueous phase to the vapor phase. The 	 each chemical compound should be 
vapor is swept through a sorbent treated as a potential health hazard. 
column where the purgeables are From this viewpoint, exposure to these 
trapped. After purging is corrpfted. chemicals must be reduced to the 

lowest possible level by whateverthe sorbent column is heateb erid 

means available. The laboratory is
backflushed with the inert gas to 


desorb the purgeables onto a gas responsible for maintaining a current 

awareness file of OSHA regulationschromatographic column. The gas 

chromatograph is temperature regarding the safe handling of the 
programmed to separate the chemicals specified in this method. A 

purgeables which are then detected reference file of material data handling 

with a mass spectrometer' 2.3 1 . sheets should also be made available to 

.. , all personnel involved in the chemical 
3. Interferences 	 analysis. Additional references to 

3.1 Impurities in the purge gas, laboratory safety are available and 
organic compounds out-gassing from have been identifiedt 5 71 for the 
the plumbing ahead of the trap and 	 analyst. 

solvent vapors in the laboratory 4.2 The following parameters 
account for the majority of contamina- covered by this method have been 
tion problems. The analytical system tentatively classified as known or 

must be demonstrated to be free from suspected, human or mammalian 

contamination under the conditions of carcinogens: benzene. carbon 
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tetrachloride, chloroform. 
1,4-dichlorobenzene. and vinyl 
chloride. Primary standards of these 
toxic compounds should be prepared in 
a hood. A NIOSH/MESA dpproved 
toxic gas respirator should be wornthe analyst handles high 

of these toxicconcentrations 
compounds. 

5. Apparatus and Materials 

5.1 Sampling equipment, for discrete 
sampling. 
5. 1. 1 Vial- 25-mL capacity or larger, 
equipped with a screw cap with hole inreuvln) 

center Perce #13075 or equivalent). 
Detergent wash, rinse with tap and 
distilled water, and dry at 105 OC 
before use. 

5. 1.2 Septum-Teflon-faced silicone 
lPierce #12722 or equivalent). 
Detergent wash, rinse with tap and 
distilled water, and dry at 105 OC for 
one hour before use. 

5.2 Purge and trap device-The 
purge and trap device consists of three 
separate pieces of equipment: the 
sample purger, trap and the desorber. 
Several complete devices are now 

commercially available. 

5.2. 1 The sample purger must be 
designed to accept 5-mL samples with 
a water column at least 3 cm deep. 
The gaseous head space between the 
water column and the trap must have a 

lotal volume of less than 15-mL. The 
; urge gas must pass through the water 
column as finely divided bubbles with a 

diameter of less than 3 mm at the 
origin. The purge gas must be intro
duced no more than 5 mm from the 
base of the water column. The sample 
purger, illustrated in Figure 1, meets 
these design criteria. 

5.2.2 The trap must be at least 25 
rrn long and have an inside diameter of 
at least 0.105 inch. The trap must be 
packed to contain the following mini
mum lengths of adsorbents: 1.0 cm of 
methyl silicone coated packing (Sec
tion 6.3.2), 15 cm of 2,6-diphenylene 
oxide polymer (Section 6.3.11, and 8 
cm of silica gel, (Section 6.3.3). The 
minimum specifications for the trap are 
illustrated in Figure 2. 

5.2.3 The desorber should be
 
capable of rapidly heating the trap to
 
180 OC. The polymer section of the 

trap should not be heated higher than 
180 *C and the remaining sections 
should not exceed 220 OC. The 
desorber design, illustrated in Figure 2, 
meets these criteria. 



5.2.4 The purge and trap device may 
be assembled as a separate unit or becoupled to a gas chromatograph as 

illustrated inFigures 3 and 4. 

5.3 GC/MS system. 

5.3.1 Gas chromatograph-An ana-
lytical system complete with a temper-
ature programmable gas chromato-
graph suitable for on-column injection 
and all required accessories including 
syringes, analytical columns, and 
gases. 

5.3.2 Column-6 ft long x 0.1 in ID 
stainless steel or glass, packed witi 
1% SP-1 000 on.Carbpck.B (60/N 
mesh) or equivalent. This column was 

was-
used to develop the method perfor-mance state.-ents in Section 14. 

Guidelines for the use of alternate 
column packings are provided in 
Section 11.1. 

5.3.3 Mass spectrometer-Capable 
of scanning from 20 to 260 amu every 
seven seconds or less, utilizing 70 
volts Inominal) electron energy in the 
electron impact ionization mode and 
producing a mass spectrum which 
meets all the criteria in Table 2 when 

50 ng of 4-bromofluorobonzene IBFB) 
is injected through the gas chromato-
graph inlet. 

5.3.4 GC/MS interface-Any gas 
chromatograph to mass spectrometer 
interface that gives acceptable 
calibration point.r at 50 ng or less per 
injection for each of the parameters ofinterest and archiever, all acceptable 
performance criteria (see Section 10) 
peomaes teas hm ton t 
may be used. Gas chromatograph to 

mass spectrometer interfaces con-
structed of all-glass or glass-lined 
materials are recommended. Glass can 

be deactivated by silanizing with 
dichloro-dimethylsilane. 

5.3.5 Data system-A computer 
system must be interfaced to the mass 
spectrometer that allows the 
continuous acquisition and storage on 

machine readable media of all mass 
spectra obtained throughout the 
duration of the chromatographic 
program. The computer must have 
software that allows searching any 
GC/MS data file for ions of a specified 
mass and plotting such ion abundances 

versus time or can number. This type 
of plot is defined as an Extracted Ion 
Current Profile sEICP).Software must 
also be available that allows integratin 
the abundance in any EICP between 

5.4 Syringes- 5-mL glass hypoder-
mic with Luerlok tip (two each), if 
applicable to the purging device, 

5.5 Micro syringes- 25-mL, 0.006 
Inch ID needle. 
5.6 Syringe valve- two-way, with 

Luer ends (three each). if applicable to 

the purging device. 

5.7 Syringe- 5-mL. gas-tight with 
shut-off valve, 

5.8 Bottle- 15-mL. screw-cap, with 
Teflon cap liner. 
5.9 Balance-Analytical, capable of 

accurately weighing 0.0001 g. 

6. Reagents 
6.1 Reagent water-Reagent water is 

e 
defined as a water in which an inter-
feient is not observed at the MDL ofthe parameters of interest. 

6. 1. 1 Reagent water may be gener-
ated by passing tap water through a 
carbon filter bed containing about 453 
g of activated aarbon (Calgon Corp., 
Filtrasorb-300 or equivalent). 

6. 1.2 A water purification system 
(Millipore Super-Q or equivalent) may 
be used to generate reagent water. 

6. 1.3 Reagent water may also be 
prepared by boiling water for 15 

minutes. Subsequently, while maintain-
ing the temperature at 90 *C,bubble a 
contaminant-free inert gas through the 
water for one hour. While still hot, 
transfer the water to a narrow-mouth 
screw-cap bottle and seal with a 
Teflon-lined septum and cap. 
6.2 Sodium thiosulfate-(ACS) 
Granular. 

6.3 Trap materials 

6.3. 1 2,6-Diphenylene oxide 
polymer-Tenax (60/80 mesh), 

chromatographic grade or equivalent. 

6.3.2 Methyl silicone packing-3% 
OV-T on Chrcmosorb-W (60180 mesh) 
or equivalent, 

Silica gel, Davison Chemical,6.3.3 
(35/60"mesh), grade-1 5 or equivalent. 

6.4 Methanol-Pesticide quality or 

equivalent. 


6.5 Stock standard solutions-Stock 
standard solutions may be prepared 

from pure standard materials or 

purchased as certified solutions. 


ins-

sing assayed liquids or 
scandred 


g
toxicity of some of the otganohalides,

primary dilutions of these materials 


should be prepared in a hood. A 

NIOSH/MESA approved toxic gas 

respirator should be used when the 
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analyst handles high concentrations of 
.uch materials. 
6.5.1 Place about 9.8 mL of 
methanol into a 10-mL ground glass 

stoppered volumetric flask. Allow the 
flask to stand, unstoppered. for about 
10 minutes or until all alcohol wetted 
surfaces have dried. Weigh the flask to 
the nearest 0.1 mg.
 

the 0.1nearest 
6.5.2 Add the assayed reference 
material as described below: 

6.5.2. 1 Liquids--Using a 100-;&L 

syringe, immediately add two or more 
drops of assayed reference material to 
the flask, then reweigh. The liquid 
must fall directly int the alcohol 
without contacting the neck of the 
flask. 

6.5.2.2 Gases-To prepare standards 
for any of the four halocarbons that 
boil below 30 0C (bromomethane. 
chlooethane, chloromethane, and vinyl
chloridel. fill a 5-mL valved gas-tight 
syringe with the reference standard to 
the 5.0-mL mark. Lower the needle to
 
5 mm above the methanol meniscus.
Slowly introduce the reference stan
dard above the surface of the liquid. 

The heavy gas rapidly dissolves in the 
methanol. 

6.5.3 ReweiGh, dilute to volume. 
stopper, then mix by inverting the flask 
several times. Calculate the concentra
tion in micrograms per microliter from 
the net gair, in weight. When 
compound ,rty is assayed to be 96% 
or greater, the weight may be used 

without correction to calculate the 
concentration of the stock standard. 
Commercially prepared stock standards 
may be used at any concentration if 

they are certified by the manufacturer 
or by an independent source. 

6.5.4 Transfer the stock standard 
solution into P Teflon-sealed screw-cap 
bottle. Store, with minimal headspace. 
at - 10 0 to - 20 C and protectlgrom
 
light.
 

6.5.5 Prepare fresh standards weekly
 
for the four gases and 2-chloroethyl
vinyl ether. All other standards must be 
replaced after one month, or sooner if 
comparison with check standards indi
cate a prot"'m. 

6.6 Seconuary dilution standards-
Using stock standard solutions, prepare 
secondary dilution standards in 
methanol that contain the compounds 
of interest, either singly or mixed 
together. The secondary dilution 
standards should be prepared at 
concentrations such that the aqueous 
calibration standards prepared in 
Section 7.3.1 or 7.4.1 will bracket the 



working range of the analytical system. 
Secondary dilution standards should be 
stored with minimal headsoace and 
should be checked frequently for signs 
of degradation or evaporation. espe-
cially lust prior to preparing calibration 
standards from them. Quality control 
check standards thai can used to 
determine the accuracy of calibration 
standards, will be available from the 
U.S. Environmental Protection Agency. 
Environmental Monitoring and Support 
Laboratory. Cincinnati, Ohio 45268. 

6.7 Surrogate standard spiking 
solution-Select a minimum of three 
surrogate compounds from Table 3. 
Prepsai stock standard solutions for 
each surrogate standard in methanol as 
described in Section 6.5. Prepare a 
surrogate standard spiking solution 
from these stock standards at a con-
centration of 150 jug/ 10 mL in water. 
Store the spiking solution at 4 0C in 
Teflon sealed glass containers.with .a 
minimum of headspace. The solutions 
should checked frequently for stability, 
They should be replaced after six 
months. The addition of 10 mL of this 
solution to 5 mL of sample or standard 
is equivalent to a concentration of 30 
pg/L of each surrogate standard. 
Surrogate standard spiking solutions, 
appropriate for use with this method, 
will be available from the U.S. 
Environmental Protection Agency, 
Environmental Monitoring and Support 
Laboratory. Cincinnati. Ohio 45268. 

6.8 BFB Siandard-Prepare a 25 
;igimL solution'of BFB in methanol. 

7. Calibration 

7.1 Assemble a purge and trap 
device that meets the specifications in 
Section 5.2. Condition the trap over-
night at 180 °C by back flushing with 

an inert gas flow of at least 20 
mL/min. Prior to use, daily condition 
'raps 10 minJs while backflushing at 
180 OC. .,,n, 

7.2 Connect the purge and trap 
device to a gas chromatograph. The 
gas chromatograph must be operated 
using temperature and flow rate 
parameters equivalent to those in Table 
1. Calibrate the purge ond trap-GC/MS 
system using either the external stan-
dard techniQledSection 7.3) or the 
internal standard technique (Section 
7.4). 

7.3 External standard calibration 

procedure: 

7.3. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter by carefully 
adding 20.0 jALof one or more secon-

dary dilution standards to 50. 250, or 
500 mL ol reagent water. A 25-IAL 
syringe with a 0.006 inch ID needle 
should be used for this operation. One 
of the external standards should be at a 
concentration near, but above, the 
MDL ISee Table 1) and the other 
concentrations should correspond to 
the expected range of concentrations 
found in real samples or should define 
the working range of the GC/MS 
system. Aqueous standards may be 
stored up to 24 hours, if held in sealedvials with zero headspace as described 

in Section 9.2. If not so stored, they 
must be discarded after one hour. 

7.3.2 Analyze each calibration 
standard according to Section 11. and 
tabulate the area response of the 
primary characteristic ion (See Table 4) 
against the concentration in the 
standard. The results can be used to 
prepare a calibration curve for each 
compound. Alternatively, if the ratio of 
response to concentration (calibration 
factor) is a constant over the working 
range (<10% relative standard devia-
tion, RSO). linearity through the origin 
can be assumed and the average ratio 
or calibration factor can be used in 
place of a calibration curve. 

7.3.3 The working calibration curve 
or calibration factor must be verified on 
each working day by the measurement 
of one or more calibration slandards. If 
the response for any param,)ter varies 
from the predicted respons3 by more 
than ± 10%. the test must be repeated 
using a fresh calibration standard. 

Alternatively, a new calibr;jtion curve 
or calibration factor must be prepared 

for that parameter. 

7.4 Internal standare4 calibration 
procedure. To use this approach, the 

analyst must select one or more 
internal standards that are similar in 

analytical behavior to the compounds 
of interest. The analyst must further 
demonstrate that the measurement of 
the internal standard is not affected by 
method or matrix interferences. 
Because of these limitations, no 
internal standard can be suggested that 
is applicable to all samples. Due to their 
generally unique retention times, 
bromochloromethane, 2-bromo-1 
chloropropane, and 1.4-dichlorobutane 
have been used successfully as internal 
standards. 

7.4. 1 Prepare calibration standards 

at a minimum of three concentration 

levels for each parameter of interest as 
described in Section 7.3.1. 

7.4.2 Prepare a spiking solution 
containing each of the internal 
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standards using the procedures 
described in Sections 6. 5 and 6.6 It is 
recommended that the secondary dilu
ton standard be prepared at a concen
tration of 15 yg/mL of each interna: 
standard compound. The addition of 
10 ;AL of this standard to 5.0 mL of 
sample or calibration standard would 
be equivalent to 30 ;ig/L. - 

7.4.3 Analyze each calibration 
standard, according to Section 11. 
adding 10otLof internal standardspiking solution directly to the syringe 

(Section 11.4). Tabulate the area 
response of the characteristic ions 
against concentration for each 
compound and internal standard and 
calculate response factors IR) for 
each compound using equation 1. 

Eq. 1 RF = .(AC,)/IAi C, )5 
where: 

= Area of the characteristic ionAs 
for the parameter to be 
measured. 

A,, = Area of the characteristic ion 
for the internal standard. 

Cis = Concentration of tho internal 
standard. 

C, = Concentration of the 
parameter to be measured. 

If the RF value over the working range 
is a constant (<10% RSD), the RF can 
be assumed to be invariant and the 
average RF can be used for 
calculations. Alternatively, the results 
can be used to plot a calibration curve 
or response ratios. A,/A,5 , vs. RF. 

7.4.4 The woikin.g calibraticn curve 

or RF must be verified on each working 
day by the measurement of one or 

more calibration standards. If the 
response for any parameter varies from 
the predicted response by more than 
± 10%. the test must be repeated 
using a fresh calibration standard. 
Alternatively, a new calibration curve 

must be prepared for that compound. 

8. Quality L.ontrol 

8.1 Each laboratory that uses this 
method is required to operate a formal 
quality control program. The minimum 
requirements of this program consist of 
an initial demonstration of laboratory 
capability and the analysis of spiked 
samples as a continuing check on 
performance. T!.: laboratory is required 
to maintain performance records to 

define the quality of data that is 

generated. Ongoing performance
checks must be compared with

eslse omae cit 
established performance criteria to 
determine if the results of analyses are 
within accuracy and precision limits 

expected of the method. 



8. 1. 1 Before performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision with 
this method. This ability is established 
as described in Section 8.2. 
8. 1.2 In recognition of the rapid 

advances that are occurring in chroma-
tography, the analyst is.permitted to 
certain options to improve the separa-
tions or lower the cost of measure-
ments. Each time such modifications 
are made to the method, the analyst is 
required to repeat the procedure in 
Section 8.2. 

8. 1.3 The laboratory must spike all 
samples with surrogate standards to 
monitor continuing laboratory 
performance. This procedure is 
described in Section 8.4. 

8.2 To establish the ability to 
generate acceptable accuracy and 
precision. the analyst must perform the 
following operations. 

8.2. 1 Select a representative spike 
concentration for each parameter to be 

measured. Using stock standards, 
prepare a quality control check sample 
concentrate in methanol 500 times 
more concentrated than the selected 
concentrations. Quality control check 
sample concentrates, appropriate for 
use with this method, will be available 
from the U.S. Environmental Protection 
Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio 
45268. 

8.2.2 Using a syringe, add 10 bL of 

the check sample concentrate and 10 
WL of the surrogate standard dosing 
solution (Section 6.7) to each of a 
minimum of four 5-mL aliquots ofwterreagntreagent water. A representative 

wastewater may be used in place of 
the reagent water, but one or more 
additional aliquots must be analyzed to 

determine background levels, and the 
spike level must exceed twice the 
background level for the test to be 
valid. Analyze the aliquots according to 
the method beginning in Section 11. 

8.2.3 Calculate the average percent 

recovery, (R), and the standard devia-

tion of the percent recovery (s). for all 

parameters and surrogate standards. 

Wastewater background corrections 

must be made before R and s calcu-

lations are performed. 


8.2.4 Using Table 5, note the 
average recovery (X) and standard 
deviation Ip)expected for each method 
parameter. Compare these to the 
calculated values for R and s. If s > p or 
IX - RI > p. review potential problem 
areas and repeat the test. 

8.2.5 The U.S. Environmental Pro-
tection Agency plans to establish 
performance criteria for R and s based 
upon the results of interlaboratory 
testing. When they become available, 
these criteria must be met before any 

samples may be analyzed. 

8.3 The analyst must calculate 
method performance criteria for each 
of the surrogate standards. 

8.3. 1 Calculate upper and lower 
control limits for method performance 
for each surrogate standard, using the 
values for Rand s calculated in Section 

8.2.3: 

Upper Control Limit (UCLI = R + 3s 

Lower Control Limit fLCL) = R - 3s 


The UCL and LCL can be used to 
construct control chartsl81 that are 
useful in observing trends in 
performance. The control limits above 
must be replaced by method perfor
mance criteria as they become avail-

able from the U.S. Environmental 
Protection Agency. 

8.3.2 For each surrogate standard, 
the laboratory must develop and main-
tain separate accuracy statements of 
laboratory performance for wastewater 
samples. An accuracy statement for 
the method is defined as R ± s. The 
accuracy statement should be 
developed by the analysis of four 
aliquots of wastewater as described in 
Section 8.2.2. followed by the calcu-
lation of Rand s. Alternately, the 

analyst may use four wastewater data 
points gathered through the require-
ment for continuing quality control in 
Section 8.4. The accuracy statements 

should be updateb regularlyl8 l.A rpreentaiveadequate 

8.4 The laboratory is required to 
spike all of their samples with the 
surrogate standard spiking solution to 

monitor spike recoveries. If the 
recovery for any surrogate standard 
does not fall within the control limits 
for method performance. the results 
reported for that sample must be 

qualified as described in Section 13.3. 
The laboratory 3hould monitor the 
frequency of data so qualified to 
ensure that it irtmains at or below 5%. 

8.5 Each day, the analyst must 

demonstrate, through the analysis of 

reagent water, that interferences from 
the analytical system are under control. 

8.6 It is recommended that the
 
laboratory adopt additional quality 

assurance practices for use with this 

method. The specific practices that are 
most productive depend upon the 
needs of the laboratory and the nature 
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of the samples. Field duplicates may be 
analyzed to monitur the precision of 
the sampling technique. Whenever 
possible. the laboratory should perform 
analysis of standard reference 
materials and participate in relevant 
performance evaluation studies. 

9. Sample Collection, 
Preservation, and Handling 

9.1 All samples must be iced or 
refrigerated from the time of collection 
until extraction. If the sample contains 
residual chlorine, add sodium 
thiosulfate preservative (10 mg/40 mL 
is sufficient for up to 5 ppm Cl2 ) to the 
empty sample bottles just prior to 
shipping to the sampling site. U.S. 
Environmental Protection Agency 
methods 330.4 and 330.5 may be 
used for measurement of residual 
chlorinel9 ). Field test kits are available 
for this purpose. 

9.2 Grab samples must be collected 
in glass containers having a total 
volume of at least 25 mL. Fill the 
sample bottle just to overflowing in 
such amanner that no air bubbles pass 
through the sample as the bottle is 
being filled. Seal the bottle so that no 
air bubbles are entrapped in it. If 
preservative has been added, shake 
vigorously for one minute. Maintain the 
hermetic seal on the sample bottle until 
time of analysis. 

9.3 Experimental evidence indicates 
that some aromatic compounds, 
notably benzene, toluene, and ethyl 
benzene are susceptible to rapid 
biological degradation under certain 
environmental conditions' 3 ). 

Refrigeration alorg may cbe ootto preserve these compoundsi atwtr o oeta ee 

in wastewaters for more than seven 
days. For this reason, a separate 
sample should be collected, acidified, 
and analyzed when these aromatics are 

to be determined. Collect about 500 
mL of sample in a clean container. 
Adjust the pH of the sample to about 2 
by adding HCI (1-+ 1) while stirring. 
Check pH with narrow range (1.4 to 
2.8) pH paper. Fill a sample container 
as described in Section 9.2. If chlorine 
residual is present, add sodium thio
sulfate to another sample container 
and fill as in Section 9.2 and mix 
thoroughly. 

9.4 All samples must be analyze 
within 14 days of collection. 

1. Waily GCIMS Performance 
Tests 

10.1 *At the beginning of each day 
that analyses are to be performed, the 



GC MS system must be checked to see 
it acceptable performance criteria are 
acnieved for BFB1l0 The performanc 
test must be passed before any 
samples, blanks. or standards are 
analyzed, unless the instrument has 
met the DFTPP test described in 
method 625 earlier in the dayiI 

10.2 These performancee tests reqe thes foin intrmental 
require the followig nstrumentalparameters.oher 

70 Volts Inominal)Electron Energy:
Mass Range: 20 to 260
Scasn Rane: to ive26 5Scan Time: to give at least 5 

scans per peak but 
not to exceed 7 
seconds per scan. 

10.3 At the beginning of each day, 
inject 2 iLof BFB solution directly on 
column. Alternately. add 2 piL of BFB 
solution to 5.0 mL of reagent water or 
standard solution and analyze 
according to Section 11. Obtain a 

background corrected mass spectrum 

of BFB and check that all the key ion 
criteria in Table 2 are achieved. If all 
the criteria are not achieved, the 
analyst must retune the mass 
spectrometer and repeat the test until 
all criteria are achieved, 

11. Sample Extraction and 

Gas Chromatography 

11.1 Table 1 summarizes the 
recommended operating conditions for 
the gas chromatograph. This table 

includes retention times and method
detecton limits that were achieved 

under these conditions. An example of 
the parameter separations achieved by 
Colunn 1 is shown in Figure 5. Other 
packed columns or chromatographic 
conditions may be us.d if the 
requirements of Section 8.2 are met. 
11 .2 After achieving the key ion 

aoundance criteria in Section 10. 
calibrate the system daily as described 
in Section 7. 

11.3 Adjust the purge gas (heliur') 
flow rate to 40 -, 3 mL/min. Attach 
the trap inlet to the purging device, and 
set the device to purge. Open the 
syringe valve located on the purging 
device sample introduction needle. 

11.4 Remove the plunger from a 
5-mL syringe and attach a closedorsyringe valve. Open the sample-syringe a nattah samledo 

standard bottle which has been 
allowed to come t. ambient 
temperature, and carefully pour the 

sample into the syringe barrel to just 
short of overflowing. Replace the 
syringe plunger and compress the 
sample. Open the syringe valve and 
vent any residual air while adjusting the 

sample volume to 5.0 mL. Since this 
process of taking an aliquot destroys 
ttN validity of the sample for future 
analysis, the analyst should fill a 
second syringe at this time to protect 
against possiblt, loss of data. Add 10.0 
AL of the surrcgate spiking solution 
(Section 6.7) and, if applicable. 10.0 

pL of the internal standard spiking
solution (Section 7.4.2) through the 
valve bore, then close the valve. The 

surrogate and internal standards may 
be mixed and added as a single spiking
solution.solution.uhntc 

11.5 Attach the syringe-syringe 
valve assembly to the syringe valve on 
the purging device. Open the syringe
valves and inject the sample into the 
purging chamber. 
11.6 Close both valves and purge the 
sample for 11.0 ± 0.1 minutes at 
ambient temperature. 

11.7 At the conclusion of the purge 
time- attach the trap to the 

chromatograph, adjust the device to 
the desorb m,' de, and begin the gas 
chromatographic temperature program. 
Concurrently. introduce the trapped 
materials to the gas chromatographic 
column by rapidly heating the trap to 
180 *C while backflushing the trap 
with Pn inert gas between 20 and 60 
mL/min for four minutes. If this rapid 
heating requiremetit cannot be met, the 
gas chromatographic column must be 
used as a secondary trap by cooling it 

to 30 OC for subambient. if problems
persist) instead of the recommended 
intal temperature of 45 C. 

11.8 While the trap is being desorbed 
into the gas chromatograph. empty the 
purging chamber using the sample 
introduction syringe. Wash the 
chamber with two 5-mL flushes of 
reagent water. 

111.9 After desorbing the sample for 
four minutes, recondition the trap by 
returning the purge and trap device to 
the purge mode. Wait 15 seconds then 
close the syringe valve on the purging 
device to begin gas flow through the 
trap. The trap temperature should be 
maintained at 180 OC. Trap 
temperatures up to 230*C may be 
employed, however, the higher 

temperature will shorten the useful life 
of the trap. After approximately seven 
minutes turn off the trap heater and 

open the syringe valve to stop the gas 
flow through the trap. When cool, the 
trap is ready for the next sample, 

11.10 If the response for any ion 
exceeds the working range of the 
system, dilute the sample aliquot in the 
second syringe with reagent water and 
reanalyze. 
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1 2. Qualitative Identification 

12.1 Obtain EICPs for the primary ion 
(Table 4) and at least two secondary 
ions for each parameter of interest. The 
following criteria must be met to make 
a qualititative identification. 

72. 1.1 The characteristic ions of 

each parameter of interest must 
maximize in the same or within one 
scan of each other. 

12. 1.2 The retention time must fall 
within ±30 seconds of the retentionomoud 
time of the authentic compound. 

12. 1.3 The relative peak heights of 
the three characteristic ions in the 
EICPs must fall within ± 20% of the 
relative intensities of these ions in a 
reference mass spectrum. The 
reference mass spectrum can be
obtained from a standard analyzed in 
the GC/MS system or from a reference 
library. 

12.2 .tructural isomers that have 
very similar mass spectra and less than 
30 seconds difference in retention 
time, can be explicitly identified only if 
the resolution between authentic 
isomers in a standard mix is 
acceptable. Acceptable resolution is 
achieved if the baseline to valley height 
between the isomers is less than 25% 
of the sum of the two peak heights.
Otherwise, structural isomers are 
identified as isomeric pairs. 

13. Calculations 

13.1 When a parameter has be-;. 
identified, the quantitation of that 
parameter should be based on the 
integrated abundance from the EICP of 
the first listed characteristic ion given 
in Table 4. If the sample produces an 
interference for the primary ion, use asecondary characteristic ion to 

secndary caatitiion to 
quantitate. Quantitation may be 
performed using the external or internal 
standard techniques. 
13. 1. 1 If the external standard 
calibration procedure is used, calculate 
the concentration of the parameter 
being measured from the area of the 
characteristic ion using the calibration 
curve or calibration factor in Section 

7.3.2. 

13. 1.2 If the internal standard 
calibration procedure was used, 
calculate the conceneration in the 
sample using the response factor (RF) 
determined in S~ection 7.4.3 and 
equation 2. 

Eq. 2. 
Concentratiin glL n IAC,)I/(A,I}(RF) 

where: 



A, = 	Area of the characteristic ion 
for the parameter or surrogate 
standard to be measured. 

A, = Area of the characteristic ion 
for the internal standard. 

C,$ = Concentration of the internal 
standard. 

13.2 Report results in micrograms 
per liter. The results for cis- and 
trans-1,3 dichloropropene should be 
reported 3S total 1 3-dichloropropene 
(STORET No. 34561. CAS No. 
542-75-6). When duplicate and spiked 
samples are analyzed. report all data 
obtained with the sample results. 

13.3 If any of the surrogate standard 
recoveries fall outside the control limits 
which were established as directed in 
Section 8.4. data for all parameters 
determined by this method in that 
sample must be labeled as suspect. 

14. 	 Method Performance 

14.1 The method detection limit 
(MDL) is defined as the minimum 
concentration of a substance that can 
be measured and reported with 99% 
confidence that the value is above 
zero 1) The MDL concentrations listed 
in Table 1 were obtained using reagent 
water(121. Similar results were 
achieved using representative 
wastewaters. 

14.2 The average recoveries and the 

average standard deviations of the , 

percent recoveries, presented in Table 
5, were the result of a study of the 
accuracy and precision of this method 
by several laboratories. The values 
listed represent the results from 2 to 4 

laboratoriesil 3 1. 

14.3 The U.S. Environmental Protec-
tion Agency is in the process of 
conducting an interlaboratory method 
study to fully define the performance 
of this method. 
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Table 1. Chromatographic Conditions and Method Detection Limits 

Parameter 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Me thylene chloride 
Trichlorofluoromethane 
1, I-Dichloroethene 
1, 7-Dichloroethane 
trans. 1, 2-Dichloroethene 
Chloroform 
7,2-Dichloroethane 
1, 1, 1 -Trichloroethane 
Carbon tetrachloride 
Bromodichloromethane 
7,2-Dichloropropane 
trans- 7.3-Dichloropropene 
Trichloroethene 
Benzene 
Dibromochloromethane 
1, 1,2-Trichloroethane 
cis. 1.3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
1, 7,2,2-Tetrachloroethane 
Tetrachloroethene 
roluene 
Chlorobenzene 
Ethyl benzene 
7,3-Dichlorobenzene 
1, 2-Dichlorobenzene 
1,4-Dichlorobenzene 

id = not determined 

Retention Time Method 
fmm.) Detection 

Column 1 Limit (jag/L) 

2.3 nd 
3. 1 nd 
3.8 nd 
4.6 nd 
6.4 2.8 
8.3 nd 
9.0 2.8 

10. 7 4. 7 
10.8 1.6 
11.4 1.6 
12. 1 2.8 
13.4 3.8 
13.7 2.8 
14.3 2.2 
15. 7 6.0 
15.9 5.0 
16.5 1.9 
17.0 4.4 
1 7. 1 3. 1 
17.2 5.0 
17.2 nd 
18.6 nd 
19.8 4.7 
22. 1 6.9 
22.2 4. 1 
23.5 6.0 
24.6 6.0 
26.4 7.2 
33.9 nd 
35.0 nd 
35.4 nd 

Column conditions: Carbopak B (60/80 mesh) coated with 7% SP. 1000 packed in a 

5 ft by 2 mm 10 glass column with helium carrier gas at a flow rate of 30 mL/min. 

Column temperature is isothermal at 45 OC for 3 min, then programmed at 8 OC per 
,nnute to 220 0C and held for 15 min. 

Table 2. BF8 Key Ion Abundance Criteria 

Mass Ion Abundance Criteria 

50 15 to 40% of mass 95 
75 30 to 60% of mass 95 
95 Base Peak. 100% Relative Abundance 
96 5 to 9% of mass 95 

173 <2% of mass 174 
174 >50% of mass 95 
175 5 to 9% of mass 174 
176 >95% but < 101% of mass 174 
177 5 to 9% of mass 176 
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Table 3. Suggested Surrogate and Internal Standards 

Retention Time Primary Secondary 
Compound Imin.)a Ion Ions 

Surrogate Standards 
Benzene d.6 17.0 84 -
4-Bromofluorobenzene 28.3 95 174, 176 
1.2.Dichloroethane d-4 12. 1 102 -
1,4-Difluorobenzene 
Ethylbenzene d-5 
Ethylbenzene d- 10 

19.6 
26.4 
26.4 

114 
111 
98 

63, 88 
-
-

Fluorobenzene 18.4 96 70 
Penrafluorobenzene 23.5 168 -

Internal Standards 
Bromochloromethane 9.3 126 49, 130, 51 
2-Bromo- 1-chloropropane 19.2 77 79, 156 
1,4-Dichlorobutane 25.8 55 90, 92 

&Forchromatographic conditions, see Table 1. 

Table 4. Characteristic Ions for Purgeable Organics 

Primary 
Parameter Ion Secondary Ions 

Chloromethane 50 52 
Bromomethane 94 96 
Vinyl chloride 62 64 
Chloroethane 64 66 
Methylene chloride 84 49, 51, 86 
Trichlorofluoromethane 101 103 
1, 1-Dichloroethene 96 61,98 
1. 1-Dichloroethane 63 65, 83, 85, 98, 100 
trans- 1,2-Dichloroethene 96 61, 98 
Chloroform 83 85 
1,2.Dichloroerhane 98 62, 64, 100 
1, 1, 1.Trichloroethane 97 99, 117, 119 
Carbon tetrachloride 117 119, 121 
Br.modichloromethane 127 83, 85, 129 
1, 2.Dichloropropene 112 63, 65, 114 
trans- 1,3-Dichloropropene 75 77 
Trichloroethene 130 95, 97, 132 
Benzene 78 
Dibromochloromethane 127 129, 208, 206 
1,1,2-Trichloroethane 97 83, 85, 99, 132, 134 
cis- 1,3.Dichrloropropene 75 77 
2-Chloroethylvinyl ether 106 63, 65 
Bromoform 173 171, 175, 250, 252, 254, 256 
1, 1,2,2-Tetrachloroethane 168 83, 85, 131, 133, 166 
Terrachloroethene 164 129, 131, 166 
Toluene 92 91 
Chlorobenzene 112 114 
Ethyl benzene 106 91 
1,3-Dichlorobenzene 146 148, 113 
1,2-Dichlorobenzene 146 - 148, 113 
1,4-Dichlorobenzene 146 148, 113 
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Table 5. Accuracy and Precisicn for Purgeable Organics 

Reagent Water 

A verage Standard 
Percent Deviation 

Parameter Recovery %) 

Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2.Chloroethvlvinylether 
Chloroform 
Chloromethane 
Dibromochloromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1, 7-Dichloroethene 
trans- 1, 2.Dichloroethene 
1,2-Dichloropropane 
cis- 1,3-Dichloropropene 
trans- 1,3.Dichloropropene 
Ethyl benzene 
Methylene chloride 
1, 1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1, 1, 1-Trichloroethane 
1, 1,2-Trichloroethane 
Trichloroethene-
Trichlorofluorcmethane 
Vinvl chloride 

Samples were spiked between 10 and 1000 jAglL. 

99 9 
102 12 
104 74 
1o0 20 
102 16 
100 7 
97 22 

101 13 
101 10 
99 19 

103 11 
101 10 
100 8 
102 17 
99 12 

102 8 
105 15 
104 11 
100 8 
96 16 

102 9 
101 9 
01 9 

101 1 
101 10 
101 9 
103 11 
1O0 13 

Wastewater 

A verage Standard 
Percent Deviation 

Recovery fJ 

98 10
 
103 10
 
105 16
 
88 23
 

104 15
 
102 9
 
103 31
 
95 17
 

101 12
 
99 24
 

104 14
 
104 15 
102 t0 
99 15 
o1 10 

103 02 
102 19 
100 18 
103 10 
89 28 

104 14 
100 i1 
98 14 

102 16 
104 15 
100 12 
107 19 
98 25 

OPtional 
Foam 

S0.0.Trap I 

I/, in. 
O.0. exit 4T--I 

Exit '/4 in. 
O.o. 

14mm 

l4-Inlet ' in. 
- O.O.. 

., - Sample Inlet 
2-way Syringe valve 
.7cm 20 gauge syringo needle 

"6mm 0.D. Rubber Septum 

- l~mm O.O. 1/, 4 in. 0.OD. 

1/"inO.O.H?'Stainless Stealtil -Inlet 

13X moloculer 
sieve purge 
gas filter 

V Purge gas 
flow control 

1Omm glass frit 
medium porosity 

Figure 1. Purging device 
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Packing Procedure Construction 

wool 5mm . -

Compression fitting 
/.nut and ferrules 

woo/ 

Grade 15 •4ft 7-1foot resistance 
Silca gel 8cm' / wire wrapped solid 

1i	 Thermocouple/controller 

Tenex 15cm Tenax75cmElectronic ,. 	 temperature
 

control
 
-. end 

pyrometer 

-' I Tubing 25 cm. 
0.105 irLI.0. 
0.125 in. 0.D. 

-3-.' stainless steel
 

Glass 5mm 
wool Trap inlet 

Figure 2. Trap packings and construction to include desorb capability 

Carrier gas flow control Liquid injection ports,--,. / ..- Column oven 
Pressure regulator ,'r L --Confirmatory column 

> To defector 

L...J~f -Analytical column 

optional 4.port column 
6.oort selection valvePurge gasflow control 	 Ivalve TrpineResistance wire 

- Ti Trap " I0ffHeater control //'- ept[ .rap /Off,
 

13X molecular 	 flow --- I, 

sieve filter Note: 
All lines between 

Ptrap and GC 
.-Purging should be heated 

to 800 C 

Figure 3. Schematic of purge and trap device - purge mode 

.
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Carrier gas flow control Liquid ifectionports Column oven 

Pressure regulator Confirmatory column 
-To detector 

.. iiL. - Analytical column 

optional 4 -port column 
selection valve
 

Purge gas 6-port Trap inlet
 

flow control valve i Resistance wire
 
-' / Heatercontrol 

Trapi ,- Trap On 

s- flow 1700 C73X molecular 

sieve filter • ijo Note:
 
All lines between
 

trap and GCPurging 
should be heateddevice to 950C 

Figure 4. Schematic of purge and trap device - desorb mode 

Column. 1% SP- 1000 on Supelcoport 
Program: 45-C 3 mi.. 80 per min. to 220 0 C 
Detector: Mass spectrometer 

".m
 

Z .. 

4Um 

'Qu 

q-u 

'. ,- . ., .. .. ,.,-..,
, .. , . ' ,-- -p 
.13 W- ft ft 

z e . 4 ,: .,,Z 

2 4 6 8 1 0 12 14 16 18 20 
Retention time. minutes 

22 24 26 28 

Figure Z. Cas chromatoaram of volatile organics by purge z.,td trap 
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United States Environmental Monitoring and 
Environmental Protection 
Agency 

Support Laboratory 
Cincinraii OH 45268 

Research and Development 

rEPA Test Method
 

Base/Neutrals and Acids 
Method 625 

1. Scope and Application 

1.1 This method covers the determi- 8.2 will be permitted. Performance 
nation of a numbor of organic must be verified for such modification 
compounds that are partitioned into an by analyzing wastewater as described 
organic solvent and are amenable to in Section 8.2.2. In addition, the 
gas chromatography. The parameters laboratory must successfully partici
listed in Tables 1 and 2 may be pate in the applicable performance 
qualitatively and quantitatively evaluation studies. 
determined using this method. 1.4 The method detection limit (MDL. 

1.2 The method may be extended to defined in Section 16)1' for each 
include the parameters listed i. Table 3. parameter is listed in Tables 4 and 5. 
Benzidine can be subject to oxidative The MDL for a specific wastewater 
losses during solvent concentration. differ from those listed, dopending 
a-EHC. y-BHC. endosulfan I and II.and upon the nature of inte.-ferences in tne 
endrin are subject to decomposition sample matrix. 
under the alkaline conditions of the 1.5 This method is restricted to use 
extraction step. Hexachlorocyclopenta- by or under the supervision of analysts 
diene is subject to thermal decomposi- experienced in the operation of gas 
tion in the inlet of the gas chromato- chromatograph/mass spectrometers 
graph. chemical reaction inacetone and skilled in the interpretation of mass 
solution and photochemical decompo- spectra. Each analyst must demon
sition. N-nitrosodimethvlam.ne is 
difficult to separate from the solvent straeable resultsthe abilitywith this method using thendrtechromatographic conditions to generate accept
under the chros oditn s procedure described in Section 8.2. 
described. N-nit rosodiphenylamine 
decomposes in the gas chromato- 2. Summary of Method 
qraphic inlet and cannct be separated 2.1 A measured volume of sample, 

-*om diphenylamine. The preferred 2.1 A mase olte is sallmethod 	fr each of these paramaters =s aooroximately one-liter, isserially 
f ach3td extracted witn methylene chloride at a3i 


listed in Table 3pH 	 greater than 11 and again at pH 

1.3 This is a gas chromatography/ less than 2 using a separatory funnel or 
mass spectrometry (GC/MS) method a continuous extractor. The methylene 
applicable to the determination of the chloride extract is dried and 
compounds listed in Tables 1. 2, and 3 concentrated to a volume of 1 mL. 
in municipal and industrial discharges Chromatographic conditions are 
as provided under 40 CFR 136.1. Until described which permit the separation 
the U.S. Environmental Protection and measurement of the parameters in 
Agency establishes performance cri- the extract. Qualitative identification is 
teria based upon the results of inter- performed using the retention time and 
laboratory testing, any alternative the relative abundance of three 
GCIMS method which meets the per- characteristic ions. Quantitative 
formance criteria described in Section analysis is performed using either 

625.1 	 July 1982 

http:N-nitrosodimethvlam.ne


external or internal standard techniques 
witn a single characteristic ion. 

3. Interferences 

3.1 Method interferences may be 

caused by contaminants in solvents. 
reagents. glassware. and other sample
processig hardware that lead to 
discreteigaratar elevatd 
discrete artifacts and/or elevated 

baselines in the total ion current 
profiles. All of these materials must be 
routinely demonstrated to be free from 
interferences under the conditions of 
the analysis by running laboratory 
reagent blanks as described in Section 
8.5. 

3. 1. 1 Glassware must be scrupulously 

cleaned 13 i. Clean all glassware as soon 

as possible after use by rinsing with the 

last solvent used in it. This should be 

followed by detergent washing with 
hot water, and rinses with tap water 
and reagent water. It should then be 
drained dry, and heated in a muffle 
furnace at 400 1C for 15 to 30 
minutes. Some thermally starble 
materials, such as PCBs. may not be 
eliminated by this treatment. Solvent 
rinses with acetone and pesticide 
quality hexane may be substituted for 
the muffle furnace heating. Volumetric 
ware should not be heated in a muffle 
furn,ce. After drying and cooling, 
glassware should be sealed and stored 
in a clean environment to prevent any 

accumulation of dust or other 
contaminants. Store it inverted or 
capped with aluminum foil. 

3. 1.2 The use of high purity reagents 

and solvents helps tO minimize inter-
ference problems. Purification of 
solvents by distillation in all-glass 
systems may be required. 

3.2 Matrix interferences may be 

caused by contaminents that are 

coextracted from the sample. The 

extent of matrix interferences will vary 
considerably from source to source. 
depending upon the nature and divor-
sity of the industrial complex or municl nitrosodimethylamine 4,4 '-DDT and 

benzo(k)fluoranthene. The gas 
chromatcgraph retention time and 
mass spectra are not sufficiently 
different to make an unambiguous 

distinction between these compounds. 
Alternative techniques should be used 
to identify and quantity these specific
compounds. See method 610. 

3.5 In samples that contain an 
inordinate number of interferences, the 
use of chemical ionization (CII mass 
spectrorratry may make identification 
easier. Tables 6 and 7 give 
characteristic Cl ions for most of the 
compounds covered by this method. 
The use of Cl mass spectrometry to 

support electron ionization fEll mass 

spectrometry is encouraged but not 

required. 

4. Safety 
4.1 The toxicity or carcinogenicity of 
each reagent used in this method has 
not been precisely defined: however, 
each chemical compound should be 
treated as a potential health hazard. 
From this viewpoint, exposure to these 
chemicals must be reduced to the 
lowest possible level by whatever 
means available. The laboratory is 
responsible for maintaining a current 
awareness file of OSHA regulations 
regarding the safe handling of the 
chemicals specified in this method. A 
reference file of materal data handling 
sheets shoul also be made available to 
all personnel involved in the chemical 
analysis. Additional references to 

laboratory safety are available and 

have been identified for the information 
of the analysti 4.6i. 
4.2 The following parameters 
covered by this method have been 

tentatively classified as known or 

suspected, human or mammalian 

carcinogens: benzo(a)anthracene, 

benzidine, 3.3'-dichlorobenzidine. 
bonzofa)pyrene. a-BHC. f1-BHC, d-BHC. 
y-BHC. dibenzofa.h) anthracene. Ni-

pality being sampled. 

3.3 The base-neutral extraction may 
cause significantly reduced recovery of 
phenol, 2-methylphenol. and 
2,4-dimethylphenol. The analyst mustrecognize that results obtained under 
rhesconti tare aineun 
theseecdtions aglass, 
concentrations, 

3.4 The packed gas chromatographic 
columns recommended for the basic 
fraction may not exhibit sufficient 
resolution for certain isomeric pairs. 
These include anthracene and phenan-

threne: chrysene and benzola)anthra-
cene; and benzofblfluoranthene and 

polychlcrinated biphenyls. 

5. Apparatus and Materia!s 

5.1 Sampling equipment, for discrete 
or composite sampling. 
5.1.1 Grab sample bottle-Amber 

one-liter or one-quart volume, 
fitted with screw caps lined with 

Teflon. Foil may be substituted for 
Teflon if the sample is not corrosive. If 
amber bottles are not available, protect 

samples from light. The container must 

be washed, rinsed with acetone or 

methylene chloride, and dried before 

use to minimize contamination. 
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5.1.2 Automatic sampler (optional)-
Must incrirporate glass samnle 
containers for the collection of a 
minimum ol 250 mL. Sample 

containers must be kept refrigerated at 

4 OC and protected from light during 
compositing. If the sampler uses a 
peristaltic pump, a minimum length of 
compressible silicone rubber tubing 
may be used. Before use. however, the 
compressible tubing should be 
thoroughly rinsed with methanol. 
followed by repeated rinsings with 
distilled water to minimize the potential 
for contamination of the sample. An 
integrating flow meter is required to 
collect flow proporzional composites. 

5.2 Glassware (All specifications are 
suggested. Catalog numbers are 

included for illustration only). 

5.2.1 Separatory funnel-2000-mL. 
with Teflon stopcock. 

5.2.2 Drying column- 19 mm ID 

chromatographic column with coarse 

frit. 
5.2.3 Concentrator tube. Kuderna-
Danish- 10-mL. graduated (Kontes 
K-570050-1025 or equivalent). 
Calibration must be checked at the 
volumes employed in the test. Ground 
glass stopper is used to prevent 
evaporation of extracts. 

sv Kuderna-
Danish- 500-mL KoatB7 
K.570001-0500 or equivalt, t. 
Attach to concentrator tube vith 

springs. 

:- ner column Kuderna
Danish-Three-ball macro IKontes 
K-503000-01 21 or equivalent). 

5.2.6 Snyder column, Kuderna

Danish-Two-ball micro 
 Kontes
 

K-569001-0219 or equivalent).
 

5.2.7 Vials -Amber glass. 10- to
 
1'5-mL capacity, with Teflon-lined
 
screw cap.
 

o uous liquid-liquid
 
extractors-Equipped with Teflon or
 
glass connecting jpints and stopcocks
 

no brequiring Hershberg- "1lubrication. 

Wolf ExtractorAce Glass Company, (
 

.J 6684 _.N .'10-r•iead ,Vineland. N.J. PIN 6841-10 or 
e nt.) 

5.3 Boiling chips -approximately
 
10/40 mesh. Heat to 400 °C for 30
 

minutes or Soxhlet extract with 
methylene chloride. 

5.4 Water bath- Heated, with
 
concentric ring cover, capable of
 
temperature control I ± 2 °Cl. The bath
 

snould be used in a hood.
 



5.5 Balance- Analytical, capable of 
accurateiy weighing 0.000 1 g. 
5.6 GC.MS system. 

5.6. 1 Gas chromatograph- An 
analytical system complete with a 
temperature programmable gas 
chromatograph and all required 
accessories including syringes. 
analytical columns, and gases. The 
injection port must be designed for on-
column injection when using packed 
columns and for splitless injection
when using capillary columns. 

5.6.2 Column for ase Ner-1 8 
m long x 2 mm l.glass. packed with 
Supelcopolr 11 00/i 20 mesh) coated 
with 3% SP-2250 or equivalent. This 
column was used to develop the 
accuracy and precision statements in 
Table 6 and the MOL data in Table 4. 
Guidelines ior the use of allernate 
colutmn pacKings are provided in 
Section 13.1. 

5.6.3 	 Column for Acids- 1.8 m long 
x 2 mm ID glass. packed with 
with 1 % SP- 1 240 DA or equivalent, 

This column was used to develop the 
accuracy and precision statements in 
Table 7. and the MDL data in Table 5. 
Guidelines for the use of alternate 
column packings are given in Section 
13.1. 
5.6.4 Mass Spectrometer-Capable 
ut sbanning from 35 to 450 3mu every 
seven seconds or less utilizing a 70 

volt (nominal) electron energy in the 
electron impact ionization mode and 
producing a mass spectrum which 
meets all the criteria in Table 9 when 
50 ng of decafluorotriphenvl phosphine 
(DFTPP: bislperfluorophenyl) phenyl 
phosphinel -s injected through tlie gas 
chromatogroohic inlet. Ar.y gas 
chromatograph to mass spectrometer 
interface that gives acceptable 
calibration points at 50 ng per injection 
for each compound of interest in 
Tables 1 through 3 and achieves all 
acceptable performance criteria 
(Section 121 may be used. Gas 
chromatogreph to mass spectrometer 
interfaces constructed of all glass or 
glass lined materials are recommended. 
Glass can be deactivated by silanizing into Teflon-sealed screw-capwithdiclcrdimthysilne.solutions
with dichlcrodimethylsilane, 

5.6.5 A computer system must be 
interfaced to the mass spectrometer 
that allows the continuous acquisition 
and storage on machine readable media 
of all mass spectra obtained 
throughout the duration of the 
chromatographic program. The 
computer must have software that 
allows searching any GC/MS data file 

for ions of a specific mass aid plotting 
such ioll abundances versus time or 
scan number. This type of plot is 
defined as an Extracted Ion Current 
Profile IEICP). Software must also be 
available that allows integrating the 
abundance in any EICP between 
specified time or scan number limits. 

6. Reagents 
6.1r is 
6.ReaReagent wateeagent water
defined as a water in which an inter-
ferent is not observed at the method
detection limit of each parameter of 

interest, 
6.2 Sodium hydroxide solution 110 
N) - Dissolve 40g NaOH in reagent 
water and dilute to 100 mL. 

6.3 Sodium thiosulfate-(ACS 
Granular. 

1 1)-Slowly 	 add 50 mL of H 

ao 2Sy 4
(sp. gr. 1.84, to 50 mL of reagent 

water. 
6.5 Acetone, methanol. methylene 
chloride - Pes..icide quality or 

equivalent. 
6.6 Sodium sulfate-(ACS) Granular. 
anhydrous. Purify by heating at 400 OC 
for four hours in a shallow tray. 

6.7 Stock standard solutions 11.00 
bgeML - Stock standard solutions can 
beprepared from pure standard 
materials or purchased as certified 

solutions. 
6. 7. 1 Prepare stock standard 
solutions by accurately weighing about 
0.0100 g of pure material. Dissolve 
the material in pesticide quality 
acetone or other suitable solvent and 
dilute to volume in a 10-mL volumetric 
flask. Larger volumes may be used at 
the convenience of the analyst. If 
compound purity is assayed at 96% or 
greater, the weight may be used 
without correction to calculate the 
concentration of the stock standard. 
Commercialiy prepared stock standards 
may be used at any concentration if 
they are certified by the manufacturer 
or by an independent source. 

6.7.2 Transfer the stock standard 
bottles. Store in at 4 OC and protect 

from light. Stock standard solutions 
should be checked frequently for signs 
of degradation or evaporation, 
especially just prior to preparing cali-
bration standards from them. Quality 
control check samples, that can be 
used to determine the accuracy of 
calibration standards will be available 
from the U.S. Environmental Protection 
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Agency. Environmental Monitoring and 
Support Laboratory, Cincinnati. Ohio 
45268 
6. 7.3 Stock standard solutions must 
be replaced after six months or sooner 
if comparison with quality control 
check samples indicate a problem. 

6.8 Surrogate standard spiking 
solutions-select a minimum of three 
surrogate compounds from Table 8. 
Prepare a surrogate standard spiking
solution at aconcentration of 100

Wg/1.00 ML in acetone. Addition of
1.00 mL of this solution to 1000-mL 

of sample is equivalent to a concentra
tion of 100 jig/L of each surrogate 
standard. Store the spiking solutions at 
4 OC in Teflon-sealed containers. The 
solutions should be checked frequently 
for stability. These solutions must be 
replaced after six months, or sooner if 
comparison with quality control check 
samples indicate a problem. Surrogate 
standard spiking solutions, appropriate
for use with this method will be 
available from the U.S. Environmental 
Protection Agency, Environmental 

Monitoring and Support Laboratory. 

Cincinnati, Ohio 45268. 
6.9 DFTPP standard-Prepare a 25 
nghiL solution of DFTPP in acetone. 

7. Calibration 
7.1 Establish gas chromatographic 
operating parameters equivalent to 
those indicatad in Tables 4 or 5. The 
GC/MS system can be calibrated using 

the external standard technique 
(Section 7.21 or the internal standard 
technique (Section 7.3). 
7.2 External standard calibration 
procedure: 

7.2. 1 Prepare calibration standards 
at a minimum of three concentration 
levels for each parameter of interest by 
adding volumes of one or more stock 
standards to a volumetric flask and 
diluting to volume with acetone. One 
of the external standards should be at a 
concentration near, but above, the 
MDL and the other concentrations 
should correspond to the expected 
range of concentrations found in real 
samples or should define the working 
range of the GC/MS system. 
7.2.2 Analyze 2 to 5 pL of each 

calibration standard and tabulate the 
area responses of the primary 
characteristic ion of each standard 
ITables 4 and 51 against the mass 
inlected. The results may be used to 
prepare a calibration curve for each 
compound. Alternatively, if the ratio of 
response to amount injected 
Icalibration factor) is a constant over 

e\ 



the working range < 10% relative 
standard deviation. RSD. linearity 
through the origin may be assumed and 

the average ratio or calibration factor 
may be used in place of a calibration 
curve, 

7.2.3 The working calibration curve 
tr calibration factor must be verified on 
each working day by the measurement 
of one or more calibration standards. If 
the response for any parameter varies 
from the predicted response by more 
than = 10%. the test must be repeated 

using a fresh calibration standard. 
Alternatively, a new calibration curve 
or calibration factor must be prepared 

for that compound. 

7.3 Internal standard calibration 
procedure. To use this approach. the 
analyst must select one or more 
internal standards that are similar in 
analytical behavior to the compounds 
of interest. The analyst must further 
demonstrate that the measurement of 
the irntetnal standaro is not affected by 
r'iethod or matrix interferences. Table 
11 lists some recommended internal 
standards. Phenanthrene-d 10 has been 

used for this purpose. Use the base 

peak ion as the primary ion for 

quantification of the standards. If 
interferences are noted, use the next 

two most intense ions as the 

secondary ions. 

7.3. i Prepare calibration standards 
at a mmum of three concentration 
levelac, for each parameter of interest by 

addir, spproprdte volumes of one or 
more stock standards to a volumetric 
flask. To each caibratin standard or
standard mixture, add a known 

constant amount of one or more 
internal standards, and dilute to volume 
with acetone. One of the calibration 
standards should be at a concentration 
near, but above, the MDL and the other 
concentrations should correspond to 
the F :. :.,ced range of concentrations 
found in real samples or should define 

the working range of the GC/MS 
system. 

7.3.2 Analyze 2 to 5 pL of each 
calibration standard and tabulate the 

area of tne primary cnaracteristic ion 
(Tables 4 and S against concentration 
for each compound and internal 
standard, and calculate response 
factors (RF) for each cormpound using 

1. 
equation 1. 

Eq. 1 RF = (Are:,sIA:Cs)where: 

= Area of the characteristic ionAs 
for the parameter to be 
measured. 

A,1 = Area of the characteristic ion 
for the internal standard. 

C,, = Concentration of the internal 
standard. (lg/L). 

C, = Concentration of the 
parameter to be measured, 
(giL). 

If the RF value over the working range 
is a constant (<10% RSDI, the RF can 
be assumed to be invariant and the 
average RF can be used for 
calculations. Alternatively. the results 
can be used to plot a calibration curve 
of response ratios. AsIA, , vs. RF. 

7.3.3 The working calibration curve 

or RF must be verified on each working 
day by the measurement of one or 

more calibration standards. If the 
response for any parameter varies from 
the predicted response by more than 
± 10%. the test must be repeated 
using a fresh calibration standard, 
Alternatively. a new calibration curve 
must be prepared. 

8. Quality Control 

8.1 Each laboratory that uses'this 
method is required to operate a formal 
quality control program. The minimum 

requirements of this program consist of 

an initial demonstration of laboratory 
capability and the analysis of spiked 

samples as a continuing check on 

performance. The laboratory is required 

to maintain performance records to 

define the quality of data that is 
generated. Ongoing perfo;mance 
checks must be compared with estab-
lished performance criteria to 

determine if the results of analyses are 
within accuracy and precision limits 
expected of the method. 

8. 1. 7 Before performing any 
analyses, the analyst must 
demonstrate the ability to generate 
acceptable accuracy and precision with 
this method. This ability is established 
as described in Section 8.2. 

8. 1.2 In recognition of the rapid 

advances that are occurring in chroma-
tography, the analyst is permitted 
certain options to improve the 
separations or lower the cost of 
measurements. Each time such 
modifications are made to the method, 
the analyst is required to repeat the 
procedure in Section 8.2. 

8.1.3 The laboratory must spike all 

samples with surrogate standards to 
monitor continuing laboratory 

performance. This procedure is
described in Section 8.4. 

8.2 To establish the ability to 

generate acceptable accuracy and 

precision, the analyst must perform the 

following operations. 
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8.2. 1 Select a representative spilte 
concentration fnr earn parameter to ne 
measured. Using stock standards. 
prepare a quality control check sample 
concentrate in acetone 1000 times 
more concentrated than the selected 
concentrations. Quality control check 
sample concentrates. appropriate for 
use with this method, will be available 
from the U.S Environmental Protection 
Agency. Environmental Monitoring and 
Support Laboratory. Cincinnati, Ohio 
45268. 

8.2.2 Using a pipet. add 1.00 mL of 

the check sample concentrate and 1.0 
mL of the surrogate standard dosing 
solution (Section 6.8) to eacri of a 
minimum of four 1000-mL aliquots of 
ieagent water. A representative 
wastewater may be used in place of 
the reagent water, but one or more 
additional aliquots must be analyzed to 
determiine background levels, and the 
spike level must exceed twice the 
background level for thetest to be 
valid. Analyze the aliquots according to 
the method beginning in Section 10. 

8.2.3 Calculate the average percent 

recovery. (R). and the standard devia

tion of the percent recovery (s). for all 

parameters and surrogate standards. 

Wastewater background corrections 

must be made before R and s 
calculations are performed. 

8.2.4 Using Table 6 or 7. note the 
average recovery (X) and standard 
deviation (p) expected for each method 
parameter. Compare these to the 

calculated values for R afrOs. If s > p or 
IX - RI > P. review potential problem 
areas and repeat the test. 

8.2.5 The U.S. Environmental Pro
tection Agency plans to establish 
performance criteria for R and s based 
upon the result of interlaboratory 
testing. When they become available. 
these criteria must be met before any
 

samples may be analyzaadr
 

8.3 The analyst must calculate 
method performance criteria for each
 
of the surrogate standards.
 

8.3. 7 Calculate upper and lower 
control limits for method performance 
for each surrogate standard, using the 
values for R and s calculated in Section 

8.2.3: .,, 

= R + 3sUpper Control Limit (UCL) 
Lower Control Limit (LCL) = R - 3S 

The UCL and LCL can be used to 

construct control charts17i that are 

useful in observing trends in 
performance. The control limits above 

must be replaced by method perfor

mance criteria as they become avail



abe from the U.S. Environmental 

Protection Agencv 

8.3.2 For each surrogate standard, 

the laboratory must develop and 
maintain separate accuracy statements 

of laboratory performance for 

wastewater samples. An accuracy 
statement for the method is defined as 

R = s. The accuracy statement should 
be developed by the analysis of four 
aliquots of westewater as described in 

Section 8.2.2. followed by the calcula-

tion of R and s. Alternately, the analyst 
may use four wastewater data points 
gathered through the requirement for 
continuing quality control in Section 
8.4. The accuracy statements should 
be updated regularly.171 

8 T elatryis rwithin8.4 The laboratory isrequired to 

spike all samples with the surrogate 
standard spiking solution to monitor 
spike recoveries. If the recovery for any 
surrogate standard does not fall withip 
the control limits for methodte rsu~tperfrmane, reprtedfor 
performance, the results reported for 
that sample must be qualified as 
described in Section 15.3. The 
laboratory should monitor the 
frequency of data so qualified to 
ensure that it remains at or below 

8.5 Before processing any samples, 
the analyst should demonstrate 
through the analysis of a one-liter 
aliquot of reagent water, that all 
glassware and reaqent interferences 
are under control. each time a set of 

samples is extract.ed or there is a 

change in reagents, a laboratory 

reagent blank should be processed as a 
safeguard against laboratory 
contamiatin, 

8.6 It is recommended that the 
laboratory adopt additional quality 
assurance practices for use with this 
method. The specific practices that are 
most productive depend upon the 
needs of the laboratory and the nature 
of the samples. Field duplicates may be 
analyzed to monitor the precision of 
possible, the laboratory should perform 
analsisle ofesanaor r cerm 
materals and participate in relevant 
performance evaluation studies. 

9. Sample Collection, 
Preservation, and Handling 

9.1 Grab samples must be collected 
in glass containers. Conventional 
sampling practicest 8 i should be 
followed, except that the bottle must 
not be prewashed with sample before 
collection. Composite samples should 
be collected in refrigerated glass 
containers in accordance with the 
requirements of the program. 

Automatic sampling equipment must 

be as fret! as possibl: ol Tygon and 

other potential sources of 
contamination, 
9.2 The samples must be iced or 

refrigerated at 4 0C from the time of 

collection until extraction. Fill the 

sample bottles and. if residual chlorine 

is present, add 80 mg of sodium 
thiosulfate per each liter of water. U.S. 
Environmental Protection Agency 
methods 330.4 and 330.5 may be 

used ro measure the residual 
chlorinel9l. Field test kits are available 
for this purpose. 

9.3 All samples must be extracted 
within 7 days and completely analyzed 

40 days of extraction. 

10. Separatory Funnel 

Extraction 
10.1 Samples are usually extracted 
usig separatory funnel techniques. If 
emulsions will poevent achieving 
u Saparealy etrced. 

acceptable solvent recovery with 
separatory funnel extractions 
continuous extraction (Section 11) 

may be used. The separatory funnel 
extraction scheme described below 

assumes a sample volume of one-liter, 
When sample volumes of two liters are 
to be extracted, use 250-. 100-, and 
100-mL volumes of methylene chloride 
for the serial extraction of the basel 
neutrals and 200-, 100-. and 1 0-mL 
volumes of methylene chloride for the 

acids. 

10.2 Mark the water meniscus on the 
side of the sample bottle for later 
determination of sample volume. Pour 

the entire sample into a two-liter 
separatory funnel. Pipet 1.00 mL 
surrogate standard spiking solution into 
the separatory funnel and mix well. 
Check the pH of the sample with wide-
range pH paper and adjust to pH > 11 
with 10 N sodium hydroxide. 
10.3 Add 60 mL methylene chloridq. 

to the .amoe bottle, seal. and shake 
for 30 seconds to rinse the inner 
surface. Transfer the solvent to the 
separatory funnel and extract the 
sample by shaking the funnel for two 

minutes with periodic venting to 

release excess pressure. Allow the 
organic layer to separate from the 
water phase for a minimum of 10 
minutes. If the emulsion interface 
between layers is more than one-third 
the volume of the solvent layer, the 
analyst must employ mechanical 
techniques to complete the phase 
separation. The optimum technique 
depends upon the sample, but may 
include stirring, filtration of the 

emulsion through glass wool, centrifu. 

gation, or other physical methods. 

Collect the methylene chloride extract 

in a 250-ml Erenmeyer flask. If the
emulsion cannot be broken Irecovery of 
less than 80% of the methylene 
chloride, corrected for the water 

solubility of methylene chloride. 
transfer the sample, solvent, and 

emulsion into the extraction chamber 
of a continuous extractor and proceed 
as described in Section 11.3. 

10.4 Add a second 60-mL volume of 
Mgthvlne chlori e to the sample bottle 
and repeat the extraction procedure a 
second time, combining the extracts in 
the Erlenmeyer flask. Perform a third 
extraction in the same manner. Label 
the combined extract as base/neutralfraction. 
10. 

10.5 Adjust the pH of the aqueous 
phase to less than 2 using sulfuric acid 
111 + 1). Serially extract three times 
with 60-mL aliquots of methylene 
chloride. Collect and combine the 
-extracts in a 250-mL Erlenmeyer flask 
and label the combined extract as the 
acid fraction. 

10.6 For each fraction, assemble a 
Kuderna-Danish (K-DI concentraior by 
attaching a 10-mL concentrator tube 
to a 500-mL evaporative flask. Other 
concentration devices or techniques 
may be used in place of the K-D if the 
requirements of Section 8.2 are met. 

10.7 For each fraction, pour the 

combined extract through a drying 

column containing about 10 cm of 
anhydrous sodium sulfate, and collect 
the extract in the K.D concentrator. 
Rinse the Erlenmeyer flask and column 

with 20 to 30 mL of methylene 
chloride to complete the quantitative 
transfer. 
10.8 To the evaporative flask for 
each fraction, add one or two clean 
boiling chips and attach a three-ball 
Snyder column. Prewet the Snyder 
column by adding about 1 mL 

methylene chloride to the top of the 
column. Place the K-D apparatus on a 
hot water bath (600 to 65 OC) so that 
the concentrator tube is partially 
immersed in the hot water, and the 
entire lower rounded surface of the 

flask is bathed with hot vapor. Adjust 
the vertical position of the apparatus 
and the water temperature as required 
to complete the concentration in 15 to 
20 minutes. At the proper rate of 
distillation the balls of the column will 

actively chatter but the chambers will 
not flood with condensed solvent. 
When- the apparent volume of liquid 
reaches 1 mL. remove the K-D 
apparatus from the water bath and 
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allow it to drain and cool for at least 10 
minutes Remove ine Snyder column 

and rinse the flask and its lower joint 
into the concentrator tube with 1 to 2 
mL of methylene chloride. A 5-mL 
syringe is recommended for this 
operation. 

10.9 Add another one or two clean
boiling chipschips to the concentrator tubeboilin aother onentor t le 

and attach a two-ball micro Snyder 

colun. Prewut the Syecolun by 

chloride to the top of the column. Place 

the K-D apparatus on a hot water bath 

60 0 to 65 OC) so that the 

concentrator tube is partially immersed 
in the hot water. Adlust the vertical 
position of the apparatus and the water 
temperature as required to complete 
the concentration in 5 to 10 minutes. 
At the proper rate of distillation the 
balls of the column will actively chatter 
but the chambers will not flood with 
condensed sor,,ent. When the apparent 
volume of liquid reaches bbout 0.5 mL. 
r,.move the K-D apparatus from the 
%vaterbath and allow it to drain for at 
lasast 10 minutes while cooling. 
Remove the Snyder column and rinse 
its the flask and its lower joint into the 
concentrator tube with 0.2 mL of 
acetone or methylene chloride. Adjust 

the final volume to 1.0 mL with the 

solvent. Stopper the concentrator tube 

and store refrigerated if GC/MS 
analysis will not be performed 
immediately. If the extracts will be 
stored longer than two days. they 
should be transferred to Teflon-sealed 
screw-cap bottles and labeled 
basetneutral or acid fraction as 

appropriate, 

10.10 Determine the original sample 
volume by refilling the sample bottle to 
the mark and transferring the water to 
a 1000-mL graduated cylinder. Record 
the sample volume to. the nearest 5 
mL. 

1 1 Continuous Extraction 

11.1 When experience with a sample 
from a given source indicates that a 
serious emulsion problem will result or 
an emulsion s encountered in Section 
10. 3, using a separatory funnel, a 
continuous extractor should be used. 

11.2 Mark the wite.r meniscus on the 
side of the sample bottle for later 
measurement of the sample volume, 
Check the pH of the sample with wide-
range pH paper and adjust to pH 11 
with 10 N sodium hydroxide. Transfer 
the sample to the continuous extractor 
and using a pipet, add 1.00 mL of 
surrogate standard spiking solution and 
mix well. Add 60 mL of methylene 
chloride to the sample bottle, seal and 

shake for 30 seconds to rinse the inner 
surface Transfer the solveit to the 
extractor. 
11.3 Repeat the sample bottle rinse 
with an additional 50- to 100-mL 
portion of methylene chloride and add 
the rinse to the extractor, 

11.4 Add 200 to 500 mL of 

methylene chloride to the distilling 
flask, add sufficient reagent water to 
ensure proper operation, and extract 

for 24 iiours. Allow to cool, then 

detach the boiling flask, and dry, 
concentrate and seal the extract as in 

Section 10.6 through 10.9. Hold the 
aqueous phase for acid extraction (Se 
Section 11. 5). 
11.5 Charge a clean distilling flask 
with 500 mL of methylene chloride and 
attach it to the continuous extractor, 
Carefully. adjust the pH of the aqueous 
phase to less than 2 using sulfuric acid 
(1 + 1)., Extract for 24 hours. Dry. 
concentrate and label and seal the 
extract as described in Sections 10.6 
through 10.9. 

12. Daily GC/MS Performance 
Tests 

12.1 At the beginning of each day 

that analyses are to be performed, the 

GC/MS system must be checked to see 

that acceptable perforrnance criteria 

are achieved for DFTPP. Each day that 

benzidiree is to be determined, the 
tailing factor criterion described in 

Section 12.4 must be achieved. Each 

day the acids are to be determined, the 

tailing factor criterion in Section 12.5 

must be achieved, 

12.2 These DFTPP performance test 
require the following instrumental 
parameters. 

Electron Energy 70 volts Inominal) 
Mass Range 35 to 450 amu 

Scan Time to give at least 5 

scans per peak but 
not to exceed 7 

seconds per scan. 
12.3 DFTPP performance test'lo-
At the beginning of each day, infect 
2pL i50 ng) of DFTPP standard 
solution. Obtain a background cor-
rected muss spectra of DFTPP and 

check that all the key ion criteria in 
Table 9 are achieved. If all the criteria 
are not achieved, the analyst must 
retune the mass spectrometer and 
repeat the test until all criteria are 
achieved. The performance criteria 
must be achieved before any samples, 
blanks, or standards are analyzed. The 
tailing factor tests in Section 12.4 and 
12.5 may be performed simultaneously 
with the test. 
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12.4 Column performance test for 
baseineuirals- At the beginning of 
each day that the base-neutral traction 

is to be analyzed for benzidrife, Ine 
benzidine tailing factor must be 
calculated. Inject 100 ng of benzidine 
either separately or as a part of a stan

dard mixture that may contain DFTPP 
and calculate the tailing factor. The 

benzidine tailing factor must be less 
than 3.0. Calculation of the tailing 
factor is illustrated in Figure 13.t 11 

Replace the column packing if the 

tailing factor criterion cannot be 
achieved. 

12.5 Column performance for 
acids-At the beginning of each day 
that the acids are to be determined, 
infect 50 ng of pentachlorophenol 
either separately or as a part of a 
standard mix that may contain DFTPP 
The tailing factor for pentachlorophenol 
must be less than five. Calculation of 
the tailing factor is illustrated in Figure 
13V11. Replace the column packing if 
the tailing factor criterion cannot be 
achieved. 

13. Gas Chromatography/ 
Mass Spectrometry 

13.1 Table 4 summarizes the 

recommended gas chromatographic 
operating condlitionn for the 
base/neutral fraction. Table 5 
summarizes the recommended gas 

chromatographic operating conditions 
for detnination of the acid fraction. 
These |pbles include retention times 
and MDT that were achieved under 
these conditions. Examples of the 

parameter separations achieved by 
these columns are shown in Figures 1 
through 12. Other packed columns or 
chromatographic conditions may be 
used if the requirements of Section 8.2 
and Section 12 are met. Capillary 
lopen-tubular) columns may also be 

used if the relative standard deviations 

of responses fcr replicate inlections are 
demonstrated to be less than 6% and 
the requirements of Section 8.2 and 
Section 12 are met. 
13.2 After the CC/MS performance 
requirements of Section 12. calibrate 
the system daily as described in 
Section 7. 

13.3 If the internal standard 
approach is being used, the internal 
standard must be added to sample 
extract and mixed thoroughly. ime
diately, before infection into the 
instrument. This minimizes losses due 
to adsorption, chemical reaction or 
evaporation. 

13.4 Inlect 2 to 5 14L of the sample
 
extract using the solvent-flush
 



technique, 121. Smaller 11.0 ML) volumes 
may be inlecied it automatic devices 
are emploved. Record the volume=nleteOto .05pL.15.l~enearst 
inected to te nearest 0.05 ;iL. 

13.5 If the response for any ion 
exceeds the working range of the 
GC/MS system, dilute the extract and 
reanalyze. 

13.6 Perform all qualitative and 
quantitative measurements as 
described in Sections 14 and 15. 
When the extracts are not being used 
for analyses, store them at 4 0C pro-
tected from light in screw-cap vials 
equipped with unpierced Teflon-lined 
septa. 

14. 	 Qualitative Identification 

14.1 Obtain an EICP for the primary 
ion and the two other ions listed in 
Tables 4 and 5. See Section 7.3 for 
ions to be used with iternal and 
surrogate standards. The following 

crteriamust be met to make a 

qualitatie identification. 

14. 1. 1 The characteristic ions for 

each compound of interest must 

maximize in the same or within one 

scan of each other. 

14. 1.2 The retention time must fall 
within c 30 seconds of the retention 

time of the authentic compound. 

14. 1.3 The relative peak heights of 

the three characteristic ions in theEICP's must fall within ±-20% ot '.heS 

formed using external or internal 
standard techniques. 

1. 1 If the external standard 
calibration procedure is used. calculate 

the amount of material injected from 
the area of the characteristic ion using 
the calibration curve or calibration 
factor in Section 7.2.2. The concentra-
tion in the sample can be calculated 
from equation 2: 

Eq. 2. Concentration. Mg/L = (A),) 
EV,)(Vq)17. 
where: 

A = Amount of material injected. 
in nanograms. 

Vi Volume of extract injected 

fl(L).V, = Volume of total extract (pL). 

Vs = Volume of water extracted 


.(mLl. 
15. 7.2 If the internal standard cali-

bration procedure was used, calculate 
the concgntration in the samp;e using 

the response factor IRF) determined in 

Section 7.3.2 and equation 3. 

Eq. 3 
(AJ)IJ 

Concentration, /g/L = 
(A, 1)(RF)IV) 

where: 
A, = 	Area of the characteristic ion 

for the parameter to be 
measured. 

As = Area of the characteristic ion 

for the internal standard. 
I = Amount of internal standard 

added to each extract (JFg). 
p.

relative intensities of these ions in aadetoacexrt 
= Volume of water extra'ed

reference mass spectrum. The refer- V o 

bebe btanedtotalspetru ca (liters).encemas ence mass spectrum can obtained 

by a standard analyzed in the GC/MS 
system or from a reference library, 

14.2 	 Structural isomers that have 
very similar mass spectra and less than 
30 seconds ifference in retention 

time. can be explicitly identified only if 

the resolution between authentic 
isomers in a standard mix is acceptable. 
Acceptable resolution is achieved if the 
baseline to valley height between the 
isomers is less than 25% of the sum of 
the two peak heights. Otherwise. 
structural isomers are identified as 
isomeric pairs. 

1 5. 	 Calculations 

15.1 When a compound has been 
identified, the quantitation of the 
compound will be based on the inte-
grated abundance from the EICP of the 

primary characteristic ion in Tables 4 

and 5. Use the base peak ion for 
internal and surrogate standards. If the 

sample produces an interference for 
the first listed ion. use a secondary ion 
to quantitare. Quantitation will be per-

Report results in micrograms15.2 
per liter without correction for recovery 

data. When duplicate and spiked 
samples are analyzed, report all data 
obtpified with the sample results. 

15.3 	 If the surrogate standard 

recovery falls outside the control. limits 
in Section 8.3, data for all parameters 
in that fraction of the sample must be 
labeled as suspect. 

16. 	 Method Performance 

16.1 The method detection limit 

(MDL) is defined as the minimum 

concentration of a substance that can 
be measured and reported with a 99% 
confidence that the value is above 

t zero '. The MDL concentrations listed 
in Tables 4 andt1 5 were obtained using 
reagent water 31. 

16.2 The average recoveries and the 

average standard deviatinns of the 
percent recoveries, presented in Table 
5. were the result of a study of the 
accuracy and precision of this method 
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by several laboratories. The values 
listed represent the results from two to 
four laboratories 4,. 

16.3 	 The U.S. Environmental 

Protection Agency is in the process of 

conducting an interlaboratory method 
studytig deinte erformance 
study to flly define the performance 

1 r 
Screening Procedure for 

2,3.7,8-TCDD 
17.1 	 If the sample must be screened 
for the presence of 2.3,8-TCDD. it is 

recommended that the refeence mate
rial not be handled in the laboratory
unless extensive safety precautions are 
employed. It is sufficient to analyze the 
base/neutral extract by selected ion 
monitoring (SIM) GC/MS techniques. 

as follows: 

17.1.1 Coticentrate the base/neutral 
extract to a final volume of 0.2 mL. 

17.1.2 Adjust the temperature of the 
bas772ut thlmetuof ttobase/neutral column (Section 5.6.2) 
220 OC. 

17.1.3 Operate the mass spec
trometer to acquire data in the SIM 
mode using the ions at mle 257, 320 

and 322 and a dwell time no greater 
than 333 milliseconds per ion. 

17. 1.4 Inject 5 to 7 jAL of the base/ 

neutral extract. Collect SIM data for aof 10 minutes. 

17. 1.5 The possible presence of 

2.3.7.8-TCDD is indicated if all three 
ions exhibit simultaneous peaks at any
point in the selected ion current 

profiles. 

17. 1.6 For each occurrence where 
the possible presence of 2.3.7,8-
TCDD is indicated. calculate and retain 
the relative abundances of each of the 
three ions. 

17.2 False positives to this test may 
be caused by the presence of single or 
coeluting combinations of compounds 
whose mass spectra contain all of
 
these ions.
 

17.3 	 Conclusive results of the 

presence and concentration level of 

2.3.7.8-TCDD can be obtained only 
from a properly equipped laboratory 
through the use of method 613 of 

other approved alternate test 
procedures. 
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Table 1. Base/Neutral Extractables 

Parameter 

Acenaphthene 
Acenaphthylene 
Anthracene 
Aldrin 
Benzotalanthracene 
Benzolbifluoranthene 
Benzolk)fluoranthene 
Benzo(a)pyrene 
Benzo(ghi)perylene 
Benzyl butyl phthalate 

3-BHC 
6-8HC 
Bis(2-chloroerhyliether 
Bis(2-chloroethoxy)methane 
Bis(2-ethylhexyl)phthalate 
Bis(2-chlor-'x*.opropyi)ether 
4-Bromopnenyl phenyl ether 
Chlordane 
2-Chloronaphthalene 
4-Chlorophenvlphenyl ether 
Chrysone 
4.4 '-DDD 
4,4 '-DDE 
4, 4'-DDT 
Dibenzola,h/anthracene 
Di-n-butylphthalate 
1,3-Dichlorobenzene 
1,2-Dichlorobenzene 
1, 4-Dichlorobenzene 
3,3'-Dichlorobenzidine 
Dieldrin 
Diethylphthalate 
Dimethylphthalate 
2,4-Dinitrotoluene 
2, 6-Dinitrotoluene 
Di-n-ocrylphthalate 
Endosulfan sulfate 
Endrin aldehyde 
Fluoranthene 
Fluorene 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Hex~chlorobu~adiene 
Hexach?roethane 
Inder o(1,2,3-cdipyrene 
Isophorone 
Naphthalenc 
Nitrobenzene 
N-Nitrosodi-n-propylamine 
PCB-1016 
PC8-1221 

PCB-1232 
PCB-1242 

PCB-1248 

PCB- 1254 
PCB- 1260 
Phenanthrene 
Pyrene 
Toxaphene 

,2.4- Tnchlorobenzene 

STORET No. 

34205 
34200 
34220 
39330 
34526 
34230 
34242 
34247 
34521 
34292 
39338 
34259 
34273 
34278 
39100 
34283 
34636 
39350 
34581 
3464 1 
34320 
39310 
39320 
39300 
34556 
39110 
34566 
34536 
34571 
34631 
39380 
34336 
34341 
34611 
34626 
34596 
34351 
34366 
34376 
34381 
39410 
39420 
39700 
34391 
34396 
34403 
34408 
34696 
34447 
34428 
34671 
39488 

39492 
39496 

39500 

39504 
39508 
34461 
34469 
39400 
34551 

CAS Nn. 

83-32.9 
208.96-8 
120-12.7 
309-00-2 
56-55-3 

205-99-2 
207-08-9 

50-32-8 
191-24-2 
85-68-7 

319-85-7 
3 19-86-8 
111-44-4 
111-91-1 
117-81-7 
108-60-1 
101-55-3 
57-74-9 
91-58-7 

7005- 72-3 
218-01-9 

72-54-8 
72-55-9 
50-29-3 
53-70-3 
84- 74-2 

541-73.1 
95.50-1 

106-46-7 
91-94-1 
60-57-1 
84.66-2 

131-11-3 
121-14.2 
606-20-2 
117-84.0 

1031-07-8 
7421-93.4 
206-44-0 
86-73-7 
76-44-8 

1024-57-3 
718-74-1 
87-68-3 
67-72-1 

193-39-5 
78-59-1 
91-20-3 
98-95-3 

621-64-7 
12674-1 1-2 
11104-28-2
 
11141-16-5 
53469-21-9 
12672-29-6 
11097-69-1 
11096-82-5 

85-01-8 
129-00-0 

8001-35-2 
120-82-7 
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Table 2. Acid Ex tractables 

Parameter STORET No. CAS No. 

4-Chloro,3-methylpheno/ 34452 59.50-7 
2-Chlorophenol 34586 95-57-8 
2,4.Dichlorophenol 34601 120-83.2 
2,4 -Dimethylphenol 34606 105-67-9 
2,4-Dinitruphenol 34616 51.28-5 
2-Merhyl-4. 6-dintrophenol .34657 534-52-1 
2-Nitrophenol 34591 88-75-5 
4-Nitrophenol 34646 100-2.7 
Pentachlorophenol 39032 87.86-5 
Phenol 34694 108-95-2 
2,4.6-Trichlorophenol 34621 88.06.2 

Table 3. Additional Extractable Parametersa 

Parameter STORET No. CAS No. Method 

Benzidine 39120 92-87-5 605 
a-BHC 39337 319-84-6 608 
y-BHC 39340 58-89-8 608 
Endosvirfan I 34361 959.98.8 608 
Endosulfan II 34356 33213-65-9 608 
Endrin 39390 72-20-8 608 
Hexachlorocyclopentadiene 34386 77-47-4 672 
N.Nitrosodimethylamine 34438 62-75.9 605 
N-Nitrosodiphenyamine 34433 86-30-6 605 

&SeeSection .2 of method 

Table 4. Chromatographic Conditions, Method Detection Limits and Characteristic Ions for Base/Neutral Extractables 

Characteristic Ions 
Retention Method 

Time Detection Electron Impact Chemical Ionization 
Parameter min.) Limit (tg/L) Primary Secondary (Methane) 

1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachloroethane 
Bis(2-chloroethyl)ether 
1.2-Dichlorobenzene 
Bisi2-chloroisoprop y1.ether 
N-Nitrosodi-n-propyl amine 
Nitrobenzene 
Hexachlorobutadiene 
1,2,4-Trichlorobenzene 
Isophorone 
Naphthalene 
Bisf2-ch/oroerhoxy)mnethane 
Hexachlorocyclopentadiene 
2-Chloronaphthalene 
Acenephthylene 
Acenaphthene 
Dimethylphthalate 
2,6-Dinitroto/uene 
Fluorene 

7.4 
7.8 
8.4 
8.4 
8.4 
9.3 

11. 1 
71.4 
11.6 
11.9 
12.1 
12.2 
73.9 
15.9 
17.4 
17.8 
18.3 
78.7 
19. 6 

1.9 
4.4 
1.6 
5.7 Ur 
1.', 'r; 

5. 7 

1.9 
0.9 
1.9 
2.2 
1.6 
5.3 

1 .9 'A. 
J.5 
1.9 
1.6 
1.9 
1.9 

146 
146 
17 
93 

146 
45 

130 
77 

225 
180 
82 

728 
93 

237 
762 
152 
154 
163 
165 
166 

148 
148 
201 

63 
148 

77 
42 

123 
223 
182 
95 

129 
95 

235 
164 
151 
153 
194 
89 

165 

113 
113 
199 
95 

113 
79 

101 
65 

227 
145 
138 
127 
123 
272 
127 
153 
152 
164 
121 
167 

146 
146 
199 
63 

146 
77 

724 
223 
181 
139 
129 
65 

235 
163 
152 
154 
151 
183 
136 

148 
748 
201 
107 
748 
735 

152 
225 
783 
167 
757 
107 
237 
191 
153 
155 
163 
211 
167 

150 
150 
203 
109 
15C 
137 

764 
227 
209 
178 
169 
137 
239 
203 
181 
183 
164 
223 
195 

4-Chlorophenyl phenyl other 
2,4-Dinitrotoluene 
Diethylphthalate 
N-Nitrosodiphenylamine 
Hexachlorobenzene 

19.5 
19.8 
20.1 
20.5 
21.0 

4.2 
5.7 

22 
1.9 
1.9 c 

204 
1165 
149 
769 
284 

206 
63 

177 
168 
742 

141 
182 
150 
167 
249 

183 
177 
169 
284 

211 
223 
170 
286 

223 
251 
198 
288 

a-BHC" 
4-Bromophenyl phenyl ether 
y-BHC* 
Phenanthrene 
Anthracene 

21.1 
21.2 
22.4 
22.8 
22.8 

1.9 

5.4 
1.9 

783 
248 
183 
178 
178 

181 
250 
181 
179 
179 

109 
141 
109 
176 
176 

249 

178 
178 

251 

179 
179 

277 

207 
207 

P-BHC 23.4 4.2 181 183 109 

Heptachlor 
d-BHC 

23.4 
23.7 

1.9 
3.1 

100 
183 

272 
709 

274 
181 

Aldrin 24.0 1.9 66 263 220 
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Table 4. (Continued) 
Characteristic Ions 

Retention Method 
Electron Impact Chemical IonizationTime Detection 

Limit (pg/LJ Primary Secondary (Methane)Parameter (min.) 
149 150 704 149 205 279Dibutyl phthalate 24.7 2.5 

Heptachlor epoxide 25.6 2.2 353 355 351 
339 341Endosulfan I * 26.4 - 237 

2.2 202 707 700 203 231 243Fluoranthene 26.5 
79 279Dieldrin 27.2 2.5 263 

246 248 1764,4'-DOE 27.2 5.6 
202 700 203 231 243

Pyrene 27.3 1.9 107 
263 82Endrin 27.9 - 81 

- 237 339 341Endosulfan II 28.6 
4,4-DDD 28.6 2.8 235 237 165 

184 92 185 185 213 22544Benzidine 28.8 
235 1654,4'.DDT 29.3 4.7 237 

387 422Endosulfan sulfate 29.8 5.6 272 
Endrin aldehydc. - - 67 345 250 
Butyl benzy" phthalate 29.9 2.5 149 91 206 149 299 327 

2.5 749 167 279 149Bis(2.ethylhexyi) phthalate 30.6 
229 228 229 257

Chrysene 31.5 2.5 228 226 
228 229 226 228 229 257

Benzola)anthracene 31.5 7.8 
3.3'pichlorobenzidine 32.2 16.5 252 254 126 

Di.n.ocvlphthalate 32.5 2.5 149 
Benzob)fluoranthene 34.9 4.8 252 253 125 252 253 281 
Benzo(k)fluoranthene 34.9 2.5 252 253 125 252 253 281 

253 125 252 253 281Benzo(a)pyrene 36.4 2.5 252 
3.7 276 138 277 276 277 305

Indeno(1,2,3.c,d)pyrene 42.7 
278 307139 279 279

Dibenzo(ah)anthracene 43.2 2.5 278 
4.1 276 138 277 276 277

Benzo(ghi)perylene 45.1 305 

- - 42 74 44N-Nitrosodimethyl amine 
19 to 30 - 373 375 377Chlordane * * 
25 to 34 - 159 231 233Toxaphene" 
18 to 30 - 224 260 294PCB 1016"* 

30 190 224 260
PCB 1221 * 15 to 30 
15 to 32 - 790 224 260PCB 1232 * 

- 224 260 294PCB 1242 * 15 to 32 
12 to 34 - 294 330 362PCB 1248" 
22 to 34 36 294 330 362PC8 1254" 

- 330 362 394
PCB 1260"" 23 to 32 

*See Section 1.2. 
* These compounds are mixtures of various isomers. (See Figures 2 to 12) 

x 2 mm ID packed with Supelcoport (100/120 mesh) coated with
Gas Chromatographic conditions: Glass column 1.8 m long 

3% SP.2250. Carrier gas: helium at a flow rate of 30 mL pet min. 

Temperature: Isothermal at 50 0 C for 4 min., then 80 per min to 2 70 0 C. 

/-
Hold at 270 *C for 30 min.
 

Table 5. Chromatographic Conditions, Method Detection Lirni!!s ant4 Charecteristic Ions for Acid Exractables 

Retention Method Characteristic Ions 

Electron Impact Chemical IonizationTime Detection 
Limit (Ag/L) Primary Secondary (Methane)

Parameter (in.) 
131 157 

2-Chlorophenol 5.9 3.3 128 64 130 129 
139 109 140 168 122

2-Nitrophenol 6.5 3.6 55 
65 66 95 123 135

Phenol 8.0 1.5 94 
123 151 1632.7 122 107 1212,4-Dimethylphenol 9.4 
163 167164 98 165

2,4-Dichlorophenol 9.8 2.7 162 
199 201

2,4,6-Trichlorophenol 11.8 2.7 196 198 200 197 
144 143 171 183 

4.Chloro.3-methylphenol 13.2 3.0 142 107 
63 154 185 213 225

2,4-Dinitrophenol 15.9 42 184 
24 198 182 77 199 227 239

2.Methyl-4,6-dinitrophenol 16.2 
267 269

Pentachlorophenol 17.5 3.6 266 264 268 265 
740 168 1222.4 65 139 1094-Nitrophenol 20.3 


x 
 2 mm ID glass column packed with Supelcoport ( 100/120 mesh) coated with 1% 
Chromatogralhicconditions: 1.8 m long 

per
SP- 1240. Carrier gas: helium at a flow rate of 30 mL per min. Column temperature, isothermal at 70 OC for 2 min, then 8 J 

mi, to 2000. 
Juy 1982625-11 
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Table 6. Accuracy and Precision for Base/Neutral Extractables 

WastewaterReagent Water 

Average 
Percent 

Parameter Recovery 

Acenaphthene 
Acenaphthylene 
Aldrin 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(ghi)pervlene 
Benzo(aipVrene 
Benzidine 
Butyl benzyl phthalate 
P-BHC 
d-BHC 
Bis(2-chloroethoxv)methane 
Bis(2.chloroethyiether 
Bis(2°chlorotsopropyliether 
Bis (2-ethVlhexyl phthalate 
4-Bromophenyl phenvl ether 
2.Chloronaphthalene 
4-ChIorophenVI phenyl ether 
Chrysene 
4,4 -DDD 
4.4'-DDE 
4,4'-DDT 
Dibenzo(ah)anthracene 
Di-n-butyl phthalate 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3.3'.Dichlorobenzidine 
Dierhylphthalate 
Dimethyl phrhalate 
2,4-Dinitrotoluene 
2, 6-Dinitrotoluene 
Di-n-octylphthalate 
Endosulfan sulfate 
Fluoranthene 
Fluorene 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno 1,2,3-cd) pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
N-Nitrosodi-n-prop ylamine 
N-Nitrosodiphenylamine 
PCB- 1221 
PCB-1254 

Phenanthrene 
Pyrene 
1,2,4- Trichlorobenzene 

Spiked between 5 to 2400 pg/L. 

77 
78 
72 
84 
83 
96 
96 
80 
90 
87 
47 
69 
56 
84 
56 
71 

129 
80 
73 
45 
83 
80 
69 
63 
82 
70 
59 
55 
61 

184 
42 
25 
83 
79 
97 
79 
89 
77 
69 
82 
79 
46 
27 
46 
65 
75 
6 
72 
68 
84 
77 

80 

84 
86 
64 

Standard 

Deviation 


%) 


23 
22 

6 
14 
19 
68 
68 
45 
22 
61 
32 
25 
18 
33 
36 
33 
50 
17 _ 

- 24 
11 
19 
9 

20 
15 
39 
25 
27 
28 
31 

174 
28 
33 
32 
18 
37 
29 
19 
16 
6 
7 

20 
25 
25 
21 
37 
33 
32 
31 
39 
24 
11 

13 

14 

15 

16 

A verage 

Percent 


Recovery 


83 
82 
-
76 
75 
41 
47 
68 
43 
63 
74 
-
-
82 
72 
71 
82 
75 
79 
-
75 
-
-
-
70 
93 
62 
54 
63 

143 
43 
35 
79 
79 
89 
-
80 
80 
-
-
71 
48 
12 
52 
81 
77 
75 
82 
76 
86 
-
-
76 

80 
69 

Standard
 
Deviation
 

%)
 

29 
23 
-
22 
28 
21 
27 
40 
21 
55 
43 
-
-
74 
37 
39 
63 
20 
27 
-
28 
-
-
-
40 
51 
28 
24 
35 

145 
28 
36 
34 
25 
62 
-
26 
20 
-
-
22 
28 
12 
26 
43 
42 
35 
54 
45 
31 
-
-
22
 
23 
26 
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Table 7. Accuracy and Precision for Acid Extracrables 

Reagent Water Wastewatet 

A verage Standard A verage 
Percent Deviation Percent 

Parameter Recovery I%) Recovery 

4.Chloro.3-methVphenol 
2-Chlorophenol 
2,4 -Dichlorophenol 
2,4-Dimethvlphenol 
2, 4.D:ntrophenol 

79 
70 
74 
64 
78 

18 
23 
24 
25 
21 

75 
71 
80 
58 

108 
2-Methyl.4.6-dinitrophenol 83 18 90 
4-Nirrophenol 
2-Nitrophenol 
Pentachlorophenol 
Phenol 

41 
75 
86 
36 

20 
25 
20 
74 

43 
75 
66 
36 

2,4.6-Trichlorophenol 77 20 81 

Spiked from 70 to 1500 jig/L. 

Table 8. Suggested Internal and Surrogate Standards 

Base/Neutral Fraction Acid Fraction 

Anifine-d5 2-Fluorophenol 
Anthracene-do Pentafluorophenol 
Benzotaianthracene-d 12 Phenol-ds 
4,4 -Dibromobiphenyl 2-Perfluoromethyl phenol 
4,4 '-Dibrumoocrafluorobiphenyl 
Decafluorobiphenyl 
2,2 '-Difluorobiphenyl 
4-F'uoroaniline 
1-Fluoronaphthylene 
2-Fluoronaphthylene 
Naphthalene-da 
Nitrobenzene-d 5 
2,3,4.5,6-Pentafluorobiphenyl 
Phenanthrene-d, 0 
Pyridine-d5 

Table 9. DFTPP Key Ions and Ion Abundance Criteria 

Mass Ion Abundance Criteria 

51 30-60% of mass 198 
68 less than 2% of mass 69 
70 less than 2 % of mass 69 

127 40-6C% of mass 198 
197 less than 1% of mass 198 
198 base peak, 100% relative abundance 
199 5-9% of mass 198 
275 10.30% of mass 198 
365 greater than 1% of mass 198 
441 present but less than mass 443 
442 greater than 40% of mass 198 
443 17.23% of mass 442 

625-13 

Standard
 
Deviation
 

%)
 

21 
25 
21 
26 
56 
35 
16 
27 
36 
21 
20 
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Ga Column' 3% SP-2250 on Supelcoport 

GaC'aprogram. 5011C. 4 mmn. 80 per min to 27011C 
4CL a ~ ~. Detectfor: Mass spectrometer 

C 4 -Z C'Z l 
'a -C 

:C~. 3 'a 
a~~	'a ~ .C 4bcr. 

q)P 

+ b' In 

ft 
r. 
a C 

-
' 

QC 
' 

C 
a 

4 lb rb lb 

LU r. lb rr 'aI 

Q) q)l aCr. a~ 'a.Ca~'Ca =r 

It' :a U. C 4! 
Q C; 

.5 

UU 
aIt =% 

2.4-0,ntrotoluene N*Ntroso Diphen v/amine 

70 	 75 20 25 30 35 4 45 
' 

Retention time. minutes 

Figure 1. Gas chroamatogram of base/neutral traction. 

.,M-

Column.' 7%SP- 1240DA on Supelcoport 
on Supelcoport 'aProgram.' 700 C-2 min. 8%/mmn to 200WC Column: 3% SP-2250 

Detector.' Mass spectrometer 500 C-4 min. 80/minute Q'~Program: '-ORB

a 	 to 2700C 

Dtco:mass spectrometer 	 'W'W 

C C'a 

CX aa 

Ct' ~~~4 jj -
-C ~~ c~ ~ C.5toqL 4b 

a.a... 	 U aQ 

.11 J 

00 8 t 72 74 76 78 20 22 
10 is 20-

Retention time. mninutes 
25 30 

Figure 2. Gas chromatogram of acid fraction. Figure 3. Gas cliromato gram of pesticide traction. 
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Column: 3% SP-2250 on SupelcoportColumn 3% SP.2250 on Supelcoport 
Program 50°C 4 mi.. 80 per mm to 2700 C Program 50 0 C.4 mm.. 8 u per min. to 270*C. 

Detector Mass spectrometer Detector Mass spectrometer 

' 
'im/z-35to 450 

to45
45 0 J35 

f._ .~~/z377 ,MJ ' 

ml z = 2 3 3 .-. 

m/z-375 

m/z=373 m/z231 

18 20 22 24 26 28 30 32 34 36 
Retention time. minutes 

Figure 4. Gas chromarogram of chlordene. m/z=159 

22 24 26 28 30 32 34 36 38 

Retention time. minutes 

Figure 5. Gas chromatogram of tohaphene. 
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Column: 3% SP-2250 on Supelcoport Column. 3% SP-2250 on Supelcoport 

Program 50'C. 4 min.. 80 per min to 2700. IProgram- 50C. 4 mi.. 80 per mi. to 2700C 

Detector Mass spectrometer PDetector: Mass spectrometer 
I I 

ii
S 

• m/z=35 to 450 

m//260 
I _*- . _. _ 

-PV-,-m/i294 ( 
/=2 

-. 

2-m/z790 
18 20 22 24 26 28 30 32 

mz2Retention time, minutes
m/z=224 

18 20 22 24 26 28 30 32 Figure 7. Gas chrometogram of PCB.7221. 

Retention time, minutes 

Figure 6. Gac chromatogram of PC8.7016. 

A 
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Column: 3% SP2250 on SupelooportColumn 3% SP.2250 on Supelcoport 
Program 50°C. 4 mi.. 80 per min. to 2700 C 

Program: 50*C. 4 min.. 80 per min. to 270WC. 
Detector- Mass spectrometerDetector Mass spectrometer 

I* 

;z to 450I 

- --- m/z=294 

- ,[-

__ _ ,zmz=224 

' ; , A_ m/z--224 

22 24 26 28 30 32m/z=190 18 20 
I ,Retention time, minutes
 

18 20 22 24 26 28 30 32 Figure 9. Gas chromatogram of PCB.1242.
 

Retention time, minutes
 

Figure 8. Gas chromatogram of PC8-1232.
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Column 
Program 
Detector 

3% SP-2250 on Supelcoport
50°C 4 min., 80 per im to 270*C. 
Mass spectrometer 

I I 

Column: 3% SP.2250 on Supelcoport 
Program: 50°C. 4 min..8 ° per min to 2700 C. 
Detector: Mass spectrometer 

J 

m/z=35 to 450 
mm/z=35 

, 
:Ii 

to 450 

. . . . .. 

,p 

m/z=362 

m/z=330 

J

m/z029 4 

18 20 22 24 26 28 

". 

30 32 34 36 38 

m/z=294 

18 

Figure 10. 

20 27 24 26 28 30 

Retention time, minutes 

Gas chromatogram of PCB. 1248. 

32 

Retention time, minutes 

Figure 11. Gas chromatogram ot PCB-1254. 

Column: 3% SP-2250 on Supelcoport 
Program. 500C. 4 min.. 80 "er min. to 2700 C. 
Detector. Mass spectrometer 

I, 

.m/z35 to 450 I* 

i ,q i 

m/,-394
I ____._____ 

m/z--362 . 

625/18 

m/z-330 .* 

18 20 22 24 26 28 32,.334 
Retention time. minutes 

Figure 12. Gs chromatogram o'PCD.1260. 
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E
 

A 	 C 

D 
BC 

=-Tailing Factor 

Example 	calculation: 
Peak Height = DE = 700mm 
100%6 = = 10 mmPeak Height BD 
Peak Width at 10% Peak Height = AC = 23 mm 

AB = 17 mm 
BC = 12 mm 12 

Therefore: Tailing Factor -" = 1.1 

Figure 13. Tailing factor calculation. 
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Appendix A 

Definition and Procedure for the Determination 
of the Method Detection Limit 

The method detection limit (MOL)is defined as the minimum concentration of a 

substance that can be identified. measured and reported with 99% confidence that 

the analVte concentration is greater than zero and determined from analysis of a 

sample in a given matrix containing analyte 

Scope and Application 
This procedure is designed for applicability to a wide variety of sample types 

ranging from reagent (blank) water containing analyte to wastewater containing 

analyte. The MDL for an analytical procedure may vary as a function of sample 

type The procedure requires a complete, specific and well defined analytical 

method It is essential that all sample processing steps of the analytical method be 

included in the determination of the method detection limit 

The MDL obtained by this procedure is used to judge the significance of a single 

measurement ol a future sampie 

The MDL procedure was designed for applicability to a broad variety of physical 

and chemical methods. To accomplish this, the procedure was made device- or 

instrument- independent. 

Procedure 
I 	 Make an estimate of the detection limit using one of the following 

(a) 	 The concentration value that corresponds to an instrument signal/noise 

ratio in the range of 2.5 to 5 If the criteria for qualitative identification of 

the analyte is based upon pattern recognition techniques. the least 

abundant signal necessary to achieve identification must be considered in 

making the estimate 
lb) The concentration value that corresponds to three times the standard 

deviation of replicate instrumental measurements for the analyte in 

reagent water 
(ci)The conLentration value that corresponds to the region of the standard 

curve where there is a significant change in sensitivity at low analyte 

concentrations. i e . a break in the slope of the standard curve 

(d) 	 The concentration value that corresponds to known instrumental
 

limitations
 

It is recognized that the experience of the analyst is important to this process 

However. the analyst must-include the above considerations in the estimate 

of the detection limit 

ater that is as free of analyte as possible. Reagent or2. 	 Prepare reagent Iblank) v, 
interference free water il,aelined as a water sample in whicn analyte ano 

interferent concentratior s are not detected at the method detection limit of 

each analyte of interest. nterferences are defined as systematic errors in the 

measured analytical signal of an established procedure caused by the 

presence of interfering species (interferent). The interferent concentration is 

presupposed to be normally distributed in representative samples of a given 

matrix. 

3. 	 (a) If the MDL is to be determined in reagent water (blank), prepare a 

laboratory standard (analyte in reagent wrt er) at a concentration which is 

at least equal to or in the same concentraion range as the estimated MDL 

(Recommend between 1 and 5 times the estimated MDL ) Proceed to Step 

4 
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4 

jb) 	If tht MDL is It he determiinheld in anolher sample matrix. anAlyze the 

sampleh It tMe mii.-asilrd lv.l of iue analyte is in the recommended range 

ot uiie to live tille't Mhustimaiud MDL. proceed to Step 4 

If the measured concentration of analyte is less than the estimated MDL. 

add a known amount of analyle to br ing the concentration of analyte to 

between one and five times the MDL. In the case where an interference is 

coanalyzed with the analyle 

If the measured level of analyte isgreater than five times the estimated 

MDL. there are two options 

(1) 	 Obtain another sample of lower level of analyle in same matrix if 

possible 

(2) 	The sample may be used as is for determining the MDL if the analyle 

level does not exceed 10 times the MDL of the analyte in reagent 

water The variance of the analytical method changes as the analyie 

concentration increases from the MDL hence the MDL determined 

under ihese circumstances may not truly reflect method vLt.ance at 
lower analyte concentrations 

(al Take a rninmum of seven aliquots of the sample to be used to calculate 

the MDL and process each through the entire analytical method Make all 

computaions according to the defined method with final results in the 

mrethod reporting units If blank measurements are required to calculate 

the measured level of analyte. obtain separate blank measurements for 

each sample aliquot analyzed The average blank measurement is 

subtracted from the respective sample measurements 

lb) 	 It may be economically and technically deirable to evaluate the estimated 

MDL before przcaedung with 4a This will: (1) prevent repeating this entire 

procedure when the costs of analyses are high and (2) insure that the 

procedure us being conducted at the correct concentration It is quite 

possible that an incorrect MDL can be calculated from data obtained at 

many times the real MDL even though the background concentrttion of 

analyte is less than five times the calculated MDL. To insure that the 

estimate of the MDL is a good estimate, it is necessary to determine that a 

lower concentration of analyte will not result in a significantly lower MDL. 

Take two aliquots of the sa nple to be used to calculate the MDL and 

process each through the entire method, including bank measurements 

as described above in 4a Evaluate these data 

(1) 	 If these measurements indicate the sample is in the desirable range for 

determining the MDL. take live additional aliquots and proceed. Use 

all seven measurements to calculate the MDL. 

12) If these measurements indicate the sample is not in the correct range. 

reestimate the MDL. obtain new sample as in 3 and repeat either 4a or 

4b, 

5. 	 Calculate the variance (S2) and standard deviation, Iof the replicate 

measurements, as follows: 

S2 = - I n X.1 n X. n 

S =(SZ), 

where: the x,, i=1 to n are the analytical results in the final method reporting 
n
 

units obtained from the n sample aliquots and X,2 refers to the sum of 

the 	X values from i = 1 to n. 

6. 	 (a) Compute the MDL as follows: 

MDL tin-i ,-,,• n,(S) 
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MIL = the method detection 

, = 	the students' t value appropriate for a 99% confidence 

level and a standard deviation estimate with n-1 degrees 

of freedom. See Table. 

S = standard deviation of the replicate analyses. 

(b) 	The 95% confidence limits for the MDL derived in 6a are computed 

according to the following equations derived from percentiles of the chli 

square over degrees of freedom distribution (X 2/df) and calculated as 

follows: 

MDLLcL 	= 0.69 MDL
 
= 
MDLUCL 1.92 MDL 

are the lower and upper 95% confidence limitswhere MDLLCL and MDLucL 
respectively based on seven aliquots. 

Optional iterative procedure to verify the reasonableness of the estimated 

MDL and calculated MDL of subsequent MDL determinations 

the estimated MDL
(a) 	 If this is the initial attempt to compute MDL based on 

in Step 1. take the MDL as calculated in Step 6. spike in the matrix at the 

cdnlculated MDL and proceed through the procedure starting with Step 4. 

(b) 	If the current MDL determination is an iteration of the MDL procedure for 

vinich the spiking level does not permit qualitative identification, report the 

MDL as that concentration between the current spike level and the 

previous spike level which allows qualitative identification. 

1c) If the current MDL determination is an iteration of the MDL procedure and 

the spiking level allows qualitative identification, use S2 from the current 

MDL calculation and S2 from the previous MDL calculation to compute the 

F ratio. 

if < 3.05 

then compute the pooled standard deviation by the following equation: 

if _ 3.05. respike at the last calculated MDL and process the samples> 

through the procedure starting with Step 4. 

(c) 	 Use the So. as calculated in 7b to compute the final MDL according to 

the following equation: 

MDL = 	 2.681 (S,) 

where 2.681 is equal to t,1 2. 1-a • 9. 

(d) 	 The 95% confidence limits for MDL derived in 7c are computed according 

to the following equations derived from percentiles of the chi squared over 

degrees of freedom distribution. 

= MDLLcL 0.72 MDL 
= MDLUCL 1.65 MDL 

where LCL and UCL are the lower and upper 95% confidence limits 

respectively based on 14 aliquots. 

Reporting 
The analytical method used must be specifically identified by number or title arid 

the MDL for each analyte expressed in the appropriate method reporting units. If 

the analytical method permits options which affect the method detection limit. 
The sample matrix used to

these conditions must be specified with the MDL value 
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determine the MDL must also be identified with the MDL value Report the mean 
analyte level with the MDL. If a laboratory standard or a sample that contained a 
known amount analvie was used for this determinati ., report the mean recovery, 
and indicate if the MDL determination was iterated. 

If the level of the analyie in the sample matrix exceeds 10 times the MDL of the 
analyte in reagent water, do not report a value for the MDL. 

Reference 
Glaser. J. A.. Foerst. D. L., McKee, G. D., Quave, S A., and Budde. W. L.. "Trace 
Analysis for Wastewaters," Er-vironmental Science and Technology 15. 1426 
(1981). 

Troble of Students't Values at the 99 Percent Confidence Level 

Number of Degrees of Freedom 
Rephcates (n- 1) tin-i. i-a . "i 

7 6 3.143 
8 7 2.998 
9 8 2.896 

10 9 2.821 
11 70 2.764 
16 15 2.602 
21 20 2.528 
26 25 2.485 
31 30 2.457 
61 60 2.390 

2.326 
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DISCLAIMER
 

The mention of trade names or commercial products in this handbook is for illustration 
purposes and does not constitute endorsement or recommendation for use by the U.S. 
Environmental Protection Agency. 
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ABSTRACT
 

One of the fundamental responsibilities of water and wastewater management is the 
establishment of continuing programs to insure the reliability and validity of analytical 
laboratory and field data gathered in water treatment and wastewater pollution control 
activities. 

This handbook is addressed to laboratory directors, leaders of field investigations, and other 
personnel who bear responsibility for water and wastewater data. Subject matter of the 
handbook is concerned primarily with quality control (QC) for chemical and biological tests 
and measurements. Chapters are also included on QC aspects of sampling, microbiology, 
biology, radiochernistry, and safety as they relate to water and wastewater pollution
control. Sufficient information is offered to allow the reader to inaugurate or reinforce 
programs of analytical QC that emphasize early recognition, prevention, and correction of 
factors leading to breakdowns in the validity of water and wastewater pollution control 
data. 
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Chapter 1 

IMPORTANCE OF QUALITY CONTROL 

1.1 General 

The analytical laboratory provides qualitative and quantitative data for use in decision

making. To be valuable, the data must accurately describe the characteristics and 
to the laboratory. In many cases,concentrations of constituents in the samples submitted 

because they lead to faulty interpretations, approximate or incorrect results are worse than 

no result at all. 

Ambient water quality standards for pH, dissolved oxygen, heavy metals, and pesticides are 
powerset to establish satisfactory conditions for drinking water, fishing, irrigation, 

generation, or other water uses. The laboratory data define whether conditions are being 

met and whether the water can be used for its intended purposes. In wastewater analyses, 

the .aboratory data identify the characteristics of the treatment plant influent and the final 

load imposed upon receiving water resources, as well as the effectivene',s of steps in the 

process. Decisions on process changes, plant modifications, or the construction oftreatment 
new facilities may be based upon the results of water laboratory analyses. The financial 

implications of such decisions suggest that extreme care be taken in analysis. 

Effective research in water pollution control also depends upon a valid laboratory data base, 

which in turn may contribute to sound evaluations of both the progress of the research itself 

and the viability of available water pollution-control alternatives. 

The analytical data from water and wastewater laboratories may also be used to determine 

t: extent of compliance of a polluting industry with discharge or surface water standards. 

It r'e laboratory results indicate a violation of a standard, remedial action is required by the 

responsible parties. Both Jegal and social pressures can be brought to bear to protect the 

environment. The analyst should realize not only that he has considerable responsibility for 

providing reliable laboratory descriptions of the samples at issue, but also that his profes

sional competence. the validity of the procedures used, and the resulting values reported 

may be challenged (perhaps in court). For the analyst to meet such challenges, he should 

support the laboratory data with an adequate documentation program that provides valid 

iecords of the control measures applied to all factors bearing on the final results of investi
gations. 

1.2 Quality Assurance Programs 

Because of the importance of laboratory analyses in determining practical courses of action 
to insure the reliability of the water andthat may be followed, quality assurance programs 

; -tewater data are essential. Although all analysts practice quality control (QC) in amounts 

depending upon their training, professional pride, and the importance of their particular 

projects, under actual working conditions sufficiently detailed QC may be neglected. An 

routine, quality assurance program applied to each analytical test can relieveestablished, 

analysts of the necessity of originating individual QC efforts.
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Quality assurance programs have two primary functions in the laboratory. First, the 
programs should continually monitor the reliability (accuracy and precision) cf the results
reported; i.e., they should continually provide answers to the ques'ion "How good (accurate
and precise) are the results obtained?" This function is the determination of quality. The
second function is the control of quality (to meet the program requirements for reliability).
As an example of the distinction between the tvo functions, the processing of spikedsamples may be a determination of measurement quality, but the use of analytical grade
reagents is a control measure. 

Each analytical method has a rigid protocol. Similarly, QC associated a test mustwith
include definite required steps for monitoring the test and insuring that its results arecorrect. The steps in QC with type in avary the of analysis. For example, titration,
standardization of the titrant on frequent basis is ana element of QC. In any instrumental
method, calibration and checking out of instrumental response are also QC functions. All of
the experimental variables that affect the final results should be considered, evaluated, and 
controlled. 

In summary, laboratory data, in quantitative terms, e.g., in milligrams per liter, are reported
by the analyst. These values are interpreted by industrial plant engineers showto
compliance or noctompliance with permits for discharge, by state pollution control agencies
to define the need for additional sampling and analysis to confirm violations, or by EPA to
demonstrate that prescribed waste treatment wa:i sufficient to protect the surface waters 
affectei by the discharge. 

This handbook discusses the basic factors of andwater wastewater measurements that

determine the value of analytical results and provides recommendations for the control of
these factors to insure that analytical results are the best possible. Quality assurance
 
programs initiated from, and based 
 upon, these recommendations should increase

confidence in the reliability of the reported analytical results.
 

Because ultimately a laboratory director must assume full responsibility for the reliability of
the analytical results submitted, the laboratory director must also assume full responsibility
in both design and implementation for the corresponding quality assurance program. 

1.3 Analytical Methods 

Many analytical methods for common water pollutants have been in use for many years and are used in most environmental laboratories. Examples are tests for chloride, nitrate, pH,specific ",onductance, and dissolved oxygen. Widespread use of an analytical method inwater and wastewater testing usually indicates that the method is reliable, and therefore
tends to support the validity of the reported test results. Conversely, the use of little-known
analytical techniques forces the water and wastewater data user to rely on the judgment ofthe laboratory analyst, who must then defend his choice of analytical technique as well as
his conclusions. Present F-d iai regulations, notably section 304(h) of Public Law 92-500(Federal Water Pollution Control Amendments of 1977) and the Interim Drinking Water
Regulations specifically require the use of EPA-approved methods of analysis. 

Uniformity of methodology within a single laboratory as well as among a group of
cooperating laboratories is required to remove methodology as a variable when there are many data users. Uniformity of methodology is particularly important when several 
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data bank (such as STORET*) or cooperate in jointlaboratories provide data to a common 
field surveys. A lack of uniformity of methodology may raise doubts as to the validity of 
the reported results. If the same constituents are measured by different analytical 
procedures within a single laboratory, or by a different procedure in different laboratories, 
it 	 may be asked which procedure is superior, why the superior method is not used 

the 	data valuesthroughout, and what effects the various methods and procedures have on 
and their interpretations. 

Physical and chemical measurement methods used in water or wastewater laboratories 
should be selected by the following criteria: 

a. 	 The selected methods should measure desired constituents of water samples in the 
presence of normal interferences with sufficient precision and accuracy to meet the 
water data needs. 

b. 	 The selected procedures should use equipment and skills ordinarily available in the 

average water pollution control Nboratory or water supply laboratory. 

c. 	 The selected methods should be sufficiently tested to have established their validity. 

d. 	 The selected methods should be sufficiendy rapid to permit repetitive routine use in 
the examination of large numbers of water samples. 

The restriction to the use of EPA methods in all laboratories providing data to EPA permits 
the combination of data from different EPA programs and supports the validity of decisions 
made by EPA. 

Regardless of which analytical methods are used in a laboratory, the methodology should be 
carefully documented. In some reports it is stated that a standard method from an 

an investigation, when closeauthoritative reference (such as ref. I) was used throughout 
examination has indicated, however, that this was not strictly true. Standard methods may 
be modified or entirely replaced because of recent advances in the state of the art or 
personal preferences of the laboratory staff. Documentation of measurement procedures 
used in arriving at laboratory data should be clear, honest, and adequately referenced: and 
the procedures should be applied exactly as documented. 

Reviewers can apply the associated precision and accuracy of each specific method when 
results. If the accuracy and precision of the analyticalinterpreting tl'e laboratory 

user may have to establish the reliabilitymethodology are unknown or uncertain, the data 
of the result he or she is interpreting before proceeding with the interpretation. 

The necessarily strict adherence to accepted methods in water and wastewater analyses 
should not stifle investigations leading to improvements in analytical procedures. Even with 

mustaccepted and documented procedures, occasions arise when the procedures be 
modified; e.g., to eliminate unusual interferences, or to yield increased sensitivities. When a 

*STORET is the acronym used to identify the computer-oriented U.S. Environmental 

Protection Agency water quality control information system: STORET stands for STOrage 
and RETrieval of data and information. 
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modification of a procedure is necessary, it should be carefully formulated. Data should 
then be assembled using both the original and the modified procedures to show the 
superiority of the latter. Such results can be brought to the attention of the organizations
responsible for standardization of procedures. To increase the benefit, the modified 
procedures should be written in a standard format for routine use as applicable. The 
standard format usually includes scope and application, principle, equipment, reagents,
procedure, calculation of results, and expected precision and accuracy. 

Responsibility for the results obtained from use of a nonstandard procedure (i.e., one that 
has not become accepted through wide use) rests with the analyst and his supervisor. 

In field operations, because it may be difficult to transport samples to the laboratory, or to 
examine large numbers of samples (e.g., for gross characteristics), the use of rapid field 
methods yielding approximate answers is sometimes required. Such methods should be used 
only with a clear understanding that the results obtained are not as reliable as those 
obtained from standard laboratory procedures. The fact that such methods have been used 
should be documented, and the results .should not be reported in the same context with 
more reliable analytical information. When only approximate values are available, perhaps
obtained for screening purposes in the field only, the data user would then be so informed. 

1.4 	 Reference 

I. 	 Standard Methods for the Examination of Water and Wastewater, 14th Edition, 
American Public Health Association, New York (1975). 

1-4
 



Chapter 2
 

LABORATORY SERVICES
 

2.1 General 

Quality control of water and wastewater laboratory analyses involves consideration and 
control of the many variables that affect the production of reliable data. The quality of the 
laboratory services available to the analyst must be included among these variables. An 
abundant supply of distilled water, free from interferences and other undesirable 
contaminants, is an absolute necessity. An adequate source of clean, dry, compressed air is 
needed. Electrical power for routine laboratory use and voltage-regulated sources for 
delicate electronic instrumentation must be provided. This chapter, therefore. will be 
devoted to describing methods of maintaining the quality of these s.rvices, as used in water 
and wastewater laboratory operations. 

2.2 Distilled Water 

Distilled or demineralized water is used in the laboratory for dilution, preparation of reagent 
solutions, and final rinsing of glassware. Ordinary distilled water is usually not pure. It may 
be contaminated by dissolved gases and by materials leached from the container in which it 
has been stored. Volatile organics distilled over from the feed water may be present, and 
nonvolatile impurities may occasionally be carried over by the steam, in the form of a spray. 
The concentration of these contaminants is usually quite small, and distilled water is used 
for many analyses without further purification. However, it is highly important that the 
still, storage tank, and any associated piping be carefully selected, installed, and maintained 
in such a way as to insure minimum contamination. 

Water purity has been defined in many different ways, but one generally accepted definition 
states that high-purity water is water that-has been distilled or deionized, or both, so that it 
will have a specific resistance of 500,000 S or greater (or a conductivity less than 2.0 
pmho/cm). This definition is satisfactory as a base to work from, but for more critical 
requirements, the breakdown shown in table 2-1 has been suggested to express degrees of 
purity (1). 

Table 2-1 
WATER PURITY 

Maximum ApproximateMaximum Concentration 
Degree of Purity Conductivity of Electrolyte 

(pmho/cm) (mg/l) 

Pure 10 2-5 
Very Pure 1 0.2-0.5 
Ultrapure 0.1 0.01-0.02 
Theoretically Pure 0.055 0.00 

2-1
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The American Society for Testing and Materials (ASTM) specifies four different grades of 
water for use in methods of chemical analysis and physical testing. The method of 
preparation of the various grades of reagent water determines the limits of impurities. The 
various types of reagent watel and ASTM requirements are listed in table 2-2. 

Type I grade water is prepared by the distillation of' feed water having a maximum 
conductivity of 20 pmho/cm at 25°C followed by polishing with a mixed bed of 
ion-exchange materials and a 0.2-pm membrane filter. 

Type II grade water is prepared by using a still designed to produce a distillate having a 
conductivity of less than 1.0 pmho/cm at 25°C. This may be accomplished by double 
distillation or the use of a still incorporating special baffling and degassing features. 

Type III grade water is prepared by distillation, ion exchange, or reverse osmosis, followed 
by polishing with the 0.45-pm membrane filter. 

Type IV grade water is prepared by distillation, ion exchange, reverse osmosis, or 
electrodialysis. 

Properly designed metal stills from reputable manufacturers offer convenient and relable 
sources of distilled water. These stills are usually constructed of copper, brass, and bronze. 
All surfaces that contact the distillate should be heavily coated with pure tin to prevent
metallic contamination. The metal storage tank should be of sturdy construction with a 
tight-fitting cover, and have a filter in the air vent to remove airborne dust, gases, and fumes. 

For special purposes, an all-glass distillation unit may be preferable to the metal still. These 
stills are usually smaller, and of more limited capacity than the metal stills. An actual 
, omparison in which the distillates from an all-glass still and a metal still were analyzed
spectrographically for certain trace metal contaminants is given in table 2-3. It can be seen 
that the all-glass still produced a product that had substantially lower contamination from 
zinc, copper, and lead. 

All stills require periodic cleaning to remove solids that have been deposited from the feed 
water. Hard water and high-dissolved-solids content promote scale formation in the 

Table 2-2
 
REQUIREMENTS FOR REAGENT WATER
 

Maximum Maximum Minimum Minimum Color 
Grade Total Electrical Electrical Retention Time 

of Water Matter Conductivity Resistivity* pH at 25*C of KMnO 4at 250 C at 250C (mn)(rag/I) (pmho/cm) (MS2 • cm) (mi) 

Type 1 0.1 0.06 16.67 - 60 
Type II 0.1 1.0 1.0 60 
Type i1 1.0 1.0 1.0 6.2-7.5 10 
Type IV 2.0 5.0 0.2 5.0-8.0 10 

*See reference 2. 
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Table 2-3
 
COMPARISON OF DISTILLATES FROM GLASS AND
 

METAL STILLS
 

Element and Concentration (pg/I) 
Source 

Zn B Fe Mn Al Cu Ni Pb 

All-Glass Still <1 12 1 <1 <5 5 <2 <2
 
Metal Still 9 13 2 <1 <5 11 <2 26
 

evaporator, and cleaning frequency will thus dezend on the quality of the feed water. The 
boiler of an all-glass still should be drained daily and refilled with clean water. Buildup of 
scale is easily detected, and the boiler and condenser coils should be cleaned at frequent 
intervals. Metal stills usually incorporate a constant bleeder device that retards scale 
formation to some extent. Nevertheless, these units should be dismantled and cleaned at 
regular intervals. Cleaning should always be in accordance with the manufacturer's 
instructions. 

Pretreatment of the incoming feed water will often improve still perfurmance and raise the 
quality of the distillate. For example, preliminary softening of hard water removes calcium 
and magnesium prior to distillation. This reduces scale formation in the boiler and 
condenser, thereby reducing maintenance service. These softeners employ the ion-exchange 
principle using a sodium chloride cycle, and are relatively inexpensive to operate. A carbon 
filtration system, installed at the feed-water intake, will remove organic materials that might 
subsequently be carried over in the distillate. If trace concentrations of ions are a major 
concern, the distillate may be passed through a mixed-bed ion exchanger. 

At least two commercially manufactured systems are available for production of high-purity 
water by ion exchange. The Millipore Super-Q System (Millipore Corp., Bedford. Mass.) 
consists essentially of disposable c~irtridges for prefiltration, organic absorption, deioniza
tion, and Millipore filtration. The company claims it can produce 10-ME2 water, containing 
no particulate matter larger than 0.46 gm in size, from tap water, at the rate of 20 gal/h. 
Continental Water Conditioning Corp., El Paso, Tex., advertises a system that can be 
tailored to the needs of the customer. Performance specifications include minimum flow 
rates of 45 gal/h and total dissolved solids of less than 0. 1mg/I when required. 

Specific conductance is a rapid and simple measurement for determining the inorganic 
quality of distilled water. Stills of the types previously discussed are capable of producing a 
distillate with a specific conductance of less than 2.0 pmho/cm at 25°C. This is equivalent 
to 0.5 to 1.0 mg/I of ionized material. Frequent checks should be made to determine that 
optimum performance is being maintained. A purity meter installed between the still and 
the storage reservoir will monitor the conductivity of the distillate, in terms of the 
equivalent in milligrams per liter of sodium chloride. If the reading on the meter begins to 
rise above the present limit ,f condi:ctivity, effective action should be taken to eliminate 
the source of contamination. Organic quality is more difficult to monitor, but the total 
organic carbon determination is Fsiml!e and rapid test of organic contaminants. 
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A piping system for delivering distilled water to the area of use within the laboratory is aconvenient feature. In this case, special care should be taken that the quality of the water is 
not degraded between the still and the point of use. Piping may be of tin, tin-lined brass,siainless steel, plastic, or chemically resistant glass, depending on the quality of the water
desired, its intended use, and on available funds. Tin is best, but is also very expensive. As acompromise, plastic pipe or glass pipe with Teflon* 0-rings at all connecting joints issatisfactory for most purposes. The glass pipe has an obvious advantage when freedom from 
trace amounts of organic materials is important. 

When there is no piped-in supply, distilled water will probably be transported to the
laboratory and stored in polyethylene or glass bottles of about 5-gal capacity. If stored inglass containers, distilled water will gradually leach the more soluble materials from the glass
and cause an increase in dissolved solids. On the other hand, polyethylene bottles contain
organic plasticizers, and traces of these materials may be leached from the container walls.These are of little consequence, except in some organic analyses. Rubber stoppers often
used in storage containers contain leachable materials, including significant quantities of
zinc. This is usually no problem, because the water is not in direct contact with the stopper.
However, the analyst should be aware of the potential for contamination, especially when 
the supply is not replenished by frequent use. 

The delivery tube may consist of a piece of glass tubing that extends almost to the bottom
of the bottle, and that is bent downward above the bottle neck, with a 3- to 4-ft piece offlexible tubing attached for mobility. Vinyl tubing is preferable to latex rubber, because it is
less leachable: however, a short piece of latex tubing may be required at the outlet for better
control of the pinchcock. The vent tube in the stopper should be protected against the 
entrance of dust. 

Ordinary distilled water is quite adequate for many analyses, including the determination of
major cations and anions. Certain needs may require the use of double- or even
triple-distilled water. Redistillatiin from an alkaline permanganate solution can be used to
obtain a water with low orgaiib background. VWlicn determining trace organics by solventextraction and gas chromatography, distilled water with sufficiently low background may beextremely difficult to obtain. In this case, preextraction of the water with the solvent used
in the respective analysis may be helpful in eliminating undesirable peaks in the blank.Certain analyses require special treatment or conditioning of the distilled water, and these 
will now be discussed. 

2.2.1 Ammonia.Free Water 

Removal of ammonia can be accomplished by shaking ordinary distilled water with a str.ngcation exchanger, or by passing distilled water through a column of such material. For
limited volumes of ammonia-free water, use of the Quikpure (Box 254, Chicago. I11.)500-ml bottle is highly recommended. The ion-free water described in section 2.2.3 is also
suitable for use in the determination of ammonia. 

2.2.2 Carbon-Dioxide.Free Water 

Carbon-dioxide-free water may be prepared !by boiling distilled water for 15 min and cooling 
to room temperature. As an alternative, distilled water may be vigorously aerated with a 

*Trademark of E. I. duPont de Nemours & Co. 
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stream of inert gas for a period sufficient to achieve saturation and CO2 removal. Nitrogen is 
most frequently used. The final pH of the water should lie between 6.2 and 7.2. It is not 
advisable to store CO 2 -free water for extended periods. 

2.2.3 Ion.Free Water 

A multipurpose high purity water, free from trace amounts of the common ions, may be 
conveniently prepared by slowly passing distilled water through an ion-exchange column 
containing one part of a strongly acidic cation-exchange resin in the hydroxyl form. Resins 
of a quality suitable for analytical work must be used. Ion-exchange cartridges of the 
research grade, available from scientific supply houses, have been found satisfactory. By 
using a fresh column and high-quality distilled water, a water corresponding to the ASTM 
designation for type I reagent water (2) (maximum 0.1 mg/I of total matter and maximum 
conductivity of 0.06 mho/cm) can be obtained. This water is suitable for use in the 
determination of ammonia, trace metals, and low concentrations of most cations and 
anions. It is not suited to some organic analyses, however, because this treatment adds 
organic contaminants to the water by contact with the ion-exchange materials. 

2.3 Compremed Air 

The quality of compressed air required in the laboratory is usually very high, and special 
attention should be given to producing and maintaining clean air until it reaches the outlet. 
Oil, water, and dirt are undesirable contaminants in compressed air, and it is important to 
install equipment that generates dry, oil-free air. When pressures oi less than 50 psi are 
required, a rotary-type compressor, using a water seal and no oil, eliminates any addition of 
oil that would subsequently have to be removed from the system. Large, horizontal. 
water-cooled compressors will usually be used when higher pressures are required. 

Compression heats air, thus increasing its tendcncy to retain moisture. An aftercooler is 
therefore necessary to remove water. Absorption filters should be used at the compressor to 
prevent moisture from entering the piping system. Galvanized steel pipe with threaded. 
malleable-iron fittings, or solder-joint copper tubing should be used for piping the air to the 
laboratory. 

When the compressed air entering the-laboratory is of low quality, an efficient filter should 
be installed between the outlet and the point of use to trap oil, moisture, and other 
contaminants. As an alternative, high-quality compressed air of the dry grade is 
commercially available in cylinders when no other source exists. 

2.4 Vacuum 

A source of vacuum in the chemical laboratory, while not an absolute necessity. can be a 
most useful item. While used primarily as an aid in filtration, it is also sometimes used in 
pipetting and in speeding up the drying of pipets. 

2.5 Hood System 

An efficient hood system is a requirement for all laboratories. In addition to removing the 
various toxic and hazardous fumes that may be generated when using organic solvents, or 
that may be formed during an acid digestion step, a hood system may also be used to 
remove toxic gases that may be formed during atomic absorption analyses or other 
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reactions. A regular fume hood should have a face velocity of 100 ft/min (linear) with the 

sash fully open. 

2.6 	 Electrical Services 

An adequate electical system is indispensable to the modern laboratory. This involves 
having both 115- and 230-V sources in sufficient capacity for the type of work that must be 
done. Requirements for satisfactory lighting, proper functioning of sensitive instruments, 
and operation of high-current devices must be considered. Any specialized equipment may 
present unusual demands on the electrical supply. 

Because of the special type of work, requirements for a laboratory lighting system are quite
different from those in other areas. Accurate readings of glassware graduations, balance 
verniers, and other measuring lines must be made. Titration endpoints, sometimes involving 
subtle changes in color or shading, must be observed. Levels of illumination, brightness,
glare, and location of light sources should be controlled to facilitate ease in making these 
measurements and to provide maximum comfort for the employees. 

Such instruments as spectrophotometers, flame photometers, atomic absorption equipment, 
emission spectrographs, and gas chromatographs have complicated electronic circuits that 
require relatively constant voltage to maintain stable, drift-free instrument operation. If the 
voltage of these circuits varies, there is a resulting change in resistance, temperature, current, 
efficiency, light output, and component life. These characteristics are interrelated, and one 
cannot be changed without affecting the others. Voltage regulation is therefore necessary to 
eliminate these conditions. 

Many instruments have built-in voltage regulators that perform this function satisfactorily.
In the absence of these, a small, portable, constant-voltage transformer should be placed in 
the circuit between the electrical outlet and the instrument. Such units are available from 
Sola Basic Industrj, Elk Grove Village, Ill., and are capable of ',pplying a constant output
of 118 V from an input that varies between 95 and 130 V. When requirements are more 
stringent, special transformer-regulated circuits can be used to supply constant voltage. Only
the instrument receiving the regulated voltage should be operated from such a circuit at any
given time. These lines are in addition to, and separate from, the ordinary circuits used for 
operation of equipment with less critical requirements. 

Electrical heating devices provide desirable heat sources, and should offer continuously
variable temperatupe control. Hot plates and muffle furnaces wired for 230-V current will 
probably give better service than those that operate on 115 V, especially if the lower voltage
circuit is only marginally adequate. Water baths and laboratory ovens with maximum 
operating temperatures of about 200*C perform well at 115 V. Care must be taken to 
ground all equipment that could constitute a shock hazard. The three-pronged plugs that 
incorporate grounds are best for this purpose. 

2.7 	 References 

1. 	 Applebaum, S. B., and Crits, G. J., "Producing High Purity Water," Industrial Water 
Engineering (Sept./Oct. 1964). 

2. 	 "Water," Part 31 of 1977 Book of ASTM Standards, p. 20, American Society for 
Testing and Materials, Philadelphia (1977). 
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Chapter 3
 

INSTRUMENT SELECTION
 

3.1 Introduction 

The modern analytical laboratory depends very heavily upon instrumentation. This 
statement may be completely obvious, but it should be remembered that the exceptional 
emphasis on electronic equipment has really begun since the development of the transistor 
and the computer. To a certain extent, analytical instrumentation is always in the 
development stage, with manufacturers continually redesigning and upgrading their 
products, striving for miniaturization, better durability and sensitivity, and improved 
automation. For laboratory supervisors and staff members the net result is a bewildering 
stream of advertising brochures, announcements, and catalogs of newly available equipment. 
Consequently, the selection of analytical equipment is always difficult. 

The instruments commonly used in water and wastewater analysis include the following: 

Analytical balance 
pH/selective-ion meter 
Conductivity meter 
Turbidimeter 
Spectrometers (visible, ultraviolet (UV), infrared (IR), and atomic absorption (AA)) 
Total carbon analyzer 
Gas chromatograph (GC) 
Gas chromatograph/mass spectrometer (GC/MS) 
Temperature devices (such as ovens and water baths) 
Recorders 

These devices represent basic equipment used in routine work and should be the subject of 
careful consideration before purchase. Further, their operation and maintenance ought to be 
primary considerations in sustained production of satisfactory data. Obviously, fundamental 
understanding of instrument design will assist the analyst in the correct use of instruments 
and in some cases will aid in detecting instrumental failures. Calibration of all laboratory 
instruments with primary standards is encouraged whenever practical. This normally 
involves a National Bureau of Standards standard reference material or calibration and 
certification procedures. Calibration checks with secondary standards, made in each 
laboratory or available from private sources, are encouraged on a fi,:quent basis if not 
required by the analytical method each time an analysis is made. 

In the pages that follow an attempt is made to discuss basic instrument design and to offer 

some remarks about desirable instrumental features. 

3.2 Analytical Balances 

The most important piece of equipment in any analytical laboratory is the analytical 
balance. The degree of accuracy of the balance is reflected in the accuracy of all data related 
to weight-prepared standards. Although the balance should therefore be the most protected 
and cared-for instrument in the laboratory, proper care of the balance is frequently 
overlooked. 
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There are many fine balances on the market designed to meet a variety of needs. Types of 
balances include top-loading, two-pan, microanalytical, electroanalytical, semianalytical, 
analytical, and other special-purpose instruments. Each type of balance has its own place in 
the scheme of laboratory operation, but analytical sing e-pan balances are by far the most 
important in the production of reliable data. 

Single-pan analytical balances range in capacity from the 20-g to the popular 200-g models 
with sensitivities from 0.01 to I mg. Features of single-pan balances may include mechanical 
and electronic switching of weights, digital readout, automatic zeroing of the empty 
balance, and automatic preweighing and taring capabilities. Even with all the design 
improvements, however, modern analytical balances are still fragile instruments, the 
operation of which is subject to shock, temperature, and humidity changes, to mishandling, 
and to various other insults. Some of the precautions to be observed in maintaining and 
prolonging the dependable life of a balance are as follows: 

a. Analytical balances should be mounted on a heavy, shockproof table, preferably one 
with an adequately large working surface and with a suitable drawer for storage of 
balance accessories. The balance level should be checked frequently and adjusted 
when necessary. 

b. Balances should be located away from laboratory traffic and protected from sudden 
drafts and humidity changes. 

c. Balance temperatures should be equilibrated with room temperature; this is 
especially important if building heat is shut off or reduced during nonworking hours. 

d. When the balance is not in use, the beam should be raised from the knife edges, the 
weights returned to the beam, objects such as the weighing dish removed from the 
pan, and the weighing compartment closed. 

'e. Special precautions should be taken to avoid spillage of corrosive chemicals on the 
pan or inside the balaince case; the interior of the balance housing should be kept 
scrupulously clean. 

f. Balances should be ch-cked and adjusted periodically by a company service man or 
balance consultant; if service is not available locally, the manufacturer's instructions 
should be followed as closely as possible. Service contracts, including an automatic 
preventive maintenance schedule, are encouraged. 

g. 	 The balance should be operated at all times according to the manufacturer's 
instructions. 

Standardized weights to be used in checking balance accuracy, traceable to the National 
Bureau of Standards, may be purchased from various supply houses. A complete set of 
directions for checking the performance of a balance is contained in part 41 of ASTM 
Sta4dards (1). 

Because all analytical balances of the 200-g capacity suitable for water and wastewater 
laboratories have about the same design specifications with reference to sensitivity, 
precisicn, convenience, and price, it is safe to assume that there is no clear preference for a 
certain model, and selection can be made on the basis of availability of service. 
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3.3 pH/Selective-lon Meters 

The concept of pH as a means of expressing the degree of effectire acidity or alkalinity 
instead of total acidity or alkalinity was developed in 1909 by Sorenson (2). It was not until 
about 1940 that commercial instruments were developed for routine laboratory measure
ment of pH. 

A basic meter consists of a voltage source, amplifier, and scale or digital readout device. 
Certain additional refinements produce varying performance characteristics between models. 
Some models incorporate expanded scales for increased readability, solid state circuitry for 
operating stability znd extreme accuracy, and temperature and slope adjustment to correct 
for asymmetric potential of glass electrodes. Other features are scales that facilitate use of 
selective-ion electrodes, recorder output, and interfacing with complex data-handling 
systems. 

In routine pH measurements the glass electrode is used as the indicator and the calomel 
electrode as the reference. Glass electrodes have a very fast response time in highly buffered 
solutions. However, accurate readings are obtained slowly in poorly buffered samples. and 
particularly so when changing from buffered to unbuffered samples. Electrodes, both V.lass 
and calomel, should be well rinsed with distilled water after each reading. and should be 
rinsed with, or dipped several times into. the next test sample before the final reading is 
taken. Weakly buffered samples should be stirred during measurement. When not in use. 
glass electrodes should not be allowed to become dry. but should be immersed in an 
appropriate solution consistent with the manufacturer's instructions. The first steps in 
calibrating an instrument are to immerse the glass and calomel electrodes into a buffer of 
known pH, set the meter to the pH of the buffer, and adjust the proper controls to bring the 
circuit into balance. The temperature-compensating dial should be set at the temperature of 
the buffer solution. For best accuracy, the instrument should be calibrated against two 
buffers that bracket the expected pH of the samples. 

The presence of a faulty electrode is indicated by failure to obtain a reasonably worrect 
value for the pH of the second reference buffer solution after the meter has been 
standardized with the first reference buffer solution. A cracked glass electrode will often 
yield pH readings that are essentially the same for both standards Th. response of 
electrodes may also be impaired by failure to maintain the KCI level in the calomel 
electrode, by improper electrode maintenance, or by certain materials such as oily 
substances and precipitates that may coat the electrode surface. Faulty electrodes can often 
be restored to normal by an appropriate cleaning procedure. Complete and detailed cleaining 
methods are given in part 31 of ASTM Standards (3), and are also usually supplied b.ythe 
electrode manufacturer. 

Because of the asymmetric potential of the glass electrode. most pH meters are built with a 
slope adjustment that enables the analyst to correct for slight electrode errors observed 
during calibration with two different pH buffers. Exact details of slope adjustment and 
slope check may vary with different models of instruments. The slope adjustment must be 
made whenever electrodes are changed. subjected to vigorous cleaning, or refilled witi, fresh 
electrolyte. The slope adjustment feature is highly desirable and recommendeti for 
consideration when purchasing a new meter. 

Most pH meters now available are built with transistorized circuits rather than vacuum 
tubes, which greatly reduces the warmup time and increases the stability of the meters. 
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Also, many instruments are designed with a switching circuit so that the entire conventional 
0 to 14 scale of pH may be used to read a single pH unit with a corresponding increase in 
accuracy.
 

This expanded-scale feature is of definite value when the meter is used for potentiometric 
titrations and selective-ion work. It is of dubious value, however, in routine analyses, 
because pH readings more precise than ±0.1 are seldom required. Primary standard buffer 
salts are available from the National Bureau of Standards* and should be used in situations 
where extreme accuracy is necessary. Preparation of reference solutions from these salts 
requires some special precautions and handling (3,4) such as the use of low-conductivity 
dilution water, drying ovens, and carbon-dioxide-free purge gas. These solutions should be 
replaced at least once each month. 

Secondary standard buffers may be prepared from NBS salts or purchased as solutions from 
commercial vendors. Routine use of these commercially available solutions, which have been 
validated by comparison to NBS standards, is recommended. 

The electrometric measurement of pH varies with temperature because of two effects. The 
first effect is the change in electrode output with temperature. This interference can be 
controlled by use of instruments having temperature compensation or by calibrating the 
instrument system including the electrode at the temperature of the samples. The second 
effect is the change of pH of the sample with temperature. This error is sample dependent 
and cannot be controlled; it should therefore be noted by reporting both the pH and 
temperature at the time of analysis. 

Typical characteristics of a conventional expanded-scale meter are shown in table 3- 1. 

3.3.1 pH Electrodes 

A wide variety of special- and general-purpose pH electrodes are now available to meet all 
applications in the general analytical laboratory. A survey through any laboratory supply 
catalog may confuse more than clarify the selection process. A rugged, full-range, glass- or 
plastic-bodied combination electrode is a good choice for routine use. An added 
convenience is an electrode that contains solid geltype filling materials not requiring the 
normal maintenance of an electrode containing liquid filling solutions. 

3.3.2 Selective-Ion Electrodes 

Electrodes have been developed to measure almost every common inorganic ion normally
measured in the water and wastewater laboratory. Application of these electrodes has 
progressed at a much slower pace and currently only three are approved for EPA monitoring 
applications. 

Reference 5 includes methods for use of fluoride, ammonia, and dissolved oxygen 
electrodes. Various techniques for use of these and other electrodes are reviewed in 
references 6 through 9. A major problem in measuring the total parameter with electrodes is 
that of relating the ion activity to ion concentration. Because the electrodes only measure 

*NBS, Office of Standard Reference Materials, Institute for Materials Research, Washington, 
D.C. 20234. 
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Table 3-1PERFORMANCE CHARACTERISTICS OF TYPICAL pH/SELECTIVE-ION METERS 
Smallest 

RangeSale Reproduci- PowerScale Division bility TemperatureCompensation i Input RequirementsImpedance 
(pH1) (mV) (pH1) (mV) (pH) (mV) (pH) (mV) (°C) (V) (Hz) 

Normal 0-14 ±1,400 0.1 10 ±0.05 ±5 ±0.02 ±2 0-100 >10 2 115/220 50/60Expanded 0-1 ±100 .005 .5 ±0.002 (3) ±0.002 ±0.2 0-100 >10 2115/220 50/60 

1Manual or automatic.
 
2May also be powered by self-contained batteries.
 
3+2 percent of reading.
 



activity, the challenge is to put all of the parameters of interest into the same measurable 
ionic form and then to modify the activity to be proportional to the concentration. The 
technique of known addition (spiking of samples) is recommended when unproven electrode 
methods are being used or when sample r.atrix problems are suspected or not controlled by 
prior distillation or separation techniques. 

3.4 Conductivity Meters 

Solutions of electrolytes conduct an electric current by the migration of ions under the 
influence of an electric field. For a constant applied EMF, the current flowing between 
opposing electrodes immersed in the electrolyte will vary inversely with the resistance of the 
solution. The reciprocal of the resistance is called conductance and is expressed in reciprocal 
ohms (mhos). For natural water samples where the resistance is high, the usual reporting 
unit is micromhos. 

Most conductivity meters on the market today use a cathode-ray tube, commonly known as 
the "magic eye," for indicating solution conductivity. A stepping switch for varying 
resistances in steps of lOX facilitates reading conductivities from about 0.1 to about 
250,000 jimho. The sensing element for a conductivity measurement is the conductivity 
cell, which normally consists of two thin plates of platinized metal, rigidly supported with a 
very precise parallel spacing. For protection, the plates are mounted inside a glass tube with 
openings in the side walls and submersible end for access of sample. Variations in designs 
have included use of hard rubber and plastics for protection of the cell plates. Glass may be 
preferable, in that the plates may be visually observed for cleanliness and possible damage, 
but the more durable encasements have the advantage of greater protection and reduced cell 
breakage. Selection of various cell designs is normally based on personal preference with 
consideration of sample type and durability requirements. 

In routine use, cells should be frequently examined to insure that (a) the platinized coating 
of plates is intact: (b) plates are not coated with suspended matter: (c) plates are not bent. 
distorted, or misalined: and (d) lead wires are properly spaced. 

Temperature has a pronounced effect on the conductance of solutions, and must be 
corrected for when results are reported. The specified temperature for reporting data used 
by most analytical groups (and all EPA laboratories) is 25°C. Data correction may be 
accomplished by adjusting sample temperatures to 25°C, or by use of mathematical or 
electronic adjustment. 

Instrumental troubles are seldom encountered with conductivity meters because of the 
design simplicity. When troubles occur, they are usually in the cell, and for most accurate 
work the following procedures should be used: 

a. Standardize the cell and establish a cell factor by measuring the conductivity of a 
standard potassium chloride solution (standard conductivity tables may be found in 
various handbooks). 

b. Rinse the cell by repeated immersion in distilled water. 

c. Again, immerse the cell in the sample several times before obtaining a reading. 
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d. 	 If the meter is equipped with a magic eye, determine the maximum width of the 
shadow at least twice, once by approaching the endpoint from a low reading 
upward, and once from a high reading downward. 

Because the cell constants are subject to slow change even under ideal conditions, and 
sometimes to more rapid change under adverse conditions, it is recommended that the cell 
constant be periodically established. Table 3-2 can be used for this operation. 

For instruments reading in mhos, the cell constant is calculated as follows: 

K1 	+ K 2L = 

106 KX 

where 

L = cell constant 

K1 = conductivity, in micromhos per centimeter, of the KCI solution at the 
temperature of measurement 

K2 = conductivity, in micromhos per centimeter, of the KCI solution at the same 
temperature as the distilled water used to prepare the reference solution 

Kx 	 = measured conductance, in mhos 

Many different manufacturers produce conductivity meters that perform well on water and 
wastewater samples. Selection should be made consistent with sampling requirements. 
availability of service and sales, and individual personal preference. 

3.5 	Turbidimeters (Nephelometers) 

Many different instrument designs have been used for the optical measurement of turbidity 
by measurement of either transmission or reflection of light. An equal or even greater 

Table 3-2 
ELECTRICAL CONDUCTIVITY OF POTASSIUM CHLORIDE REFERENCE SOLUTIONS 

Solution Normality Method of Preparation Temperature Conductivity 
(SC) (pmho/cm) 

A 0.1 7.4365 g/il KCI at 20'C 0 7.138 
18 11,167 

B 0.01 0.7440 g/l KCI at 200C 
25 
0 

12,856 
773 

18 1,220 

C 0.001 Dilute 100mlofB to 1.01 at 200 C 
25 
25 

1,408 
147 
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number of materials have been used or proposed as calibration standards. As described in 
reference 10, EPA has standardized on the instrument design and the standard turbidity 
suspension of Formazin for instrument calibration. 

Both the analyst and the user of turbidity data should keep in mind that a turbidity 
measurement is not a substitute for particle weight or residue analysis. Turbidity 
instruments can be calibrated to give gravimetric data on specific sample types, but the 
influence of particle geometry, specific gravity, refractive index, and color make estimates 
of total weight impractical on a variety of sample types. 

For production of data with maximum accuracy and precision, the following precautions 
should be observed: 

a. 	 Protect the sample cuvette from scratches and fingerprints. 

b. 	 Use a constant orientation of the sample cuvette while calibrating the instrument 
and analyzing samples. 

c. 	 Use a well-mixed sample in the sample cuvette;. do not take readings until finely 
dispersed bubbles have disappeared. 

d. 	 Dilute samples containing excess turbidity to some value below 40 nephelometric 
turbidity units (NTU); take reading; and multiply results by correct dilution factor. 

3.6 	Spectrometers 

Because a large portion of routine quantitative measurements are performed colorimetri
cally, the spectrometer or filter photometer is usually the workhorse of any analytical 
laboratory. Indeed, the versatility of such instruments and the number of demands imposed 
upon them have resulted in a variety of designs and price ranges. Systematic listing and 
detailed discussion of all instrumental types are beyond the scope of this chapter; however, 
ultraviolet, visible, infrared, and atomic absorption instruments will be discussed. 

A spectrometer is an instrument for measuring the amount of light or radiant energy 
transmitted through a solution or solid material as a function of wavelength. A spectrometer 
differs from a filter photometer in that it uses continuously variable, and more nearly 
monochromatic, bands of light. Because filter photometers lack the versatility of 
spectrometers, they are used most profitably where standard methodologies are used for 
routine analysis. 

The essential parts of a spectrometer include the following: 

a. 	 A source of radiant energy 

b. 	 Monochromator or other device for isolating narrow spectral bands of light 

c. 	 Cells (cuvettes) or sample holders for containing samples under investigation 

d. 	 A photodetector (a device to detect and measure the radiant energy passing through 
the sample) 
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Each of the essential features listed, especially the monochromator and the photodetector 
system, varies in design principles from one instrument to another. Some of the 
characteristics of the commonly used Perkin-Elmer model 124 double-beam grating 
spectrometer are the following: 

Light source 
Visible region ....................................... Tungsten 
Lamp UV region ..................................... Deuterium lamp 

Wavelength accuracy ...................................... ±0.5 nm
 

Spectral bandwidth ....................................... 0.5, 1.0, and 2.0 nm
 

Photometric presentation 
Linear transmittance .................................. 0 to 100 percent 
Linear absorbance .................................... 0 to ]A or 0 to 2A 

Photodetector R-136 ...................................... 190 to 800 nm
 

Sam ple cells ............................................. 1.0 to 10 cm
 

3.6.1 Visible Range 

Desirable features on a visible-range spectrometer are determined by the anticipated use of 
the instrument. Simple, limited programs requiring use of only a few parameters can 
probably be supported by inexpensive but reliable filter photometers. On the other hand, if 
the laboratory programs require a wide variety of measurements on diverse samples at low 
concentrations, more versatile instruments may be needed. One of the prime considerations 
is adaptability to various sample cell sizes from 1.0 to 10.0 cm. 

3.6.2 Ultraviolet Range 

A UV spectrometer is similar in design to a visible-range instrument except for differences in 
the light source and in the optics. The UV light source is a hydrogen- or deuterium-discharge 
lamp, which emits radiation in the UV portion of the spectrum, generally from about 200 
nm to the low-visible-wavelength region. The optical system and sample cells must be 
constructed of UV-transparent material, which is usually quartz. A grating used in a UV 
system may be specially cut (blazed) in the UV region for greater sensitivity. 

3.6.3 Infrared Range 

A number of instrumental modifications are required in the construction of spectrometers 
for measurements in the IR region because materials such as glass and quartz absorb IR 
radiant energy, and ordinary photocells do not respond to it. Most IR spectrometers use 
front-surfaced mirrors to eliminate the necessity for the transmission of radiant energy 
through quartz, glass, or other lens materials. These mirrors are usually parabolic to focus 
the diffuse IR energy. Such instruments must be protected from high humidities and water 
vapor to avoid deterioration of the optical system and the presence of extraneous 
absorption bands in the IR. 
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The energy or light source for an IR instrument may be a Nernst glower or a Globar. Each 
of these sources has certain characteristics that recommend it for use, but the more rugged 
Globar is more commonly used because it also has a more stable emission. The receiving or 
detection unit may be a thermocouple, bolometer, thermistor, or photoconductor cell. The 
type of analysis being performed dictates the degree of sophistication required in the IR 
instrumentation selected to acquire usable data. 

3.6.4 Proper Use of Spectrometers 

The spectrometer manufacturer's instructions for proper use should be followed in all cases. 
Several safeguards against misuse of the instruments, however, are mandatory. 

Instruments should be checked for wavelength alinement. If a particular colored solution is 
to be used at a closely specified wavelength, considerable loss of sensitivity can be 
encountered if the wavelength control is misalined. In visible-range instruments, an excellent 
reference point is the maximum absorption for a diluted solution of potassium 
permanganate, which has dual peaks at 526 and 546 nm. On inexpensive instruments with 
less resolution the permanganate peak appears at 525 to 550 nm as a single, flat-topped 
peak. 

For both UV and IR instruments, standard absorption curves for many organic materials 
have been published so that reference material for standard peaks is easily available. 
Standard films of styrene znd other transparent plastics are available for IR wavelength 
checks. A very good discussion of factors that affect the proper performance of 
spectrometers and standard reference inaterials available to calibrate them can be found in 
publications of the National Bureau of Standards.* Use of certified standards is encouraged 
whenever practical. 

Too much emphasis cannot be placed on care of absorption cells. All absorption cells should 
be kept scrupulously clean, free of scratches, fingerprints, smudges, and evaporated film 
residues. Matched cells should be checked to see that they are equivalent, and any 
differences should be -accounted for during use or in the final data. Directions for "leaning 
cells are given in chapter 4. 

Generally speaking, trained technicians may operate any of the spectrometers successfully; 
however, because interpretation of data from both the UV and IR instruments is becoming 
increasingly complex, mere compliance with the operations manual may not be sufficient 
for completely accomplishing the special techniques of sample preparation, instrument 
operation, and interpretation of absorption curves. 

3.6.5 Atomic Absorption 

There are a number of differences in the basic design and accessories for atomic absorption 
(AA) equipment that require consideration before purchase and during subsequent use. 
These choices concern the light sources, nebulizer burners, optical systems, readout devices, 
and mode conversions. Because some of these choices are not readily obvious, the purchaser 
or user must be familiar with the types and numbers of samples to be analyzed and the 

*NBS, Office of Standard Reference Materials, Institute for Materials Research, Washington, 
D.C. 20234. 
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specific elements to be measured before making the choice. For a program analyzing a wide 
variety of samples for a number of elements at varying concentrations, an instrument of 
maximum versatility would be best. Most of the discussion that follows applies to use of 
instrumentation in absorption, emission, or fluorescence modes. 

3.6.5.1 Lamps 

Hollow-cathode (HC) lamps or electrodeless-discharge lamps (EDL) are available for over 70 
elements with single-element or multielement capability. Multielement lamps are consid
erably cheaper per elemciat than single-element lamps, but the savings may not be realized if 
the lamps are not used strategically, because all the elements in the cathode deteriorate 
when the lamp is used, regardless of which element is measured. The deterioration
 
phenomena result from the different volatitities of metals used in the cathode. One metal
 
volatilizes (sputters) more rapidly than the others and redeposits upon an area of the other
 
cathode metals. Thus, with continual use, a drift in signal will be noted with at least one 
metal increasing and the othei" (or others) decreasing. If one can ignore the dubious cost 
savings of multielement lamps, use o' single-element lamps could result in more precise and 
accurate data. 

The line intensities of one element in a multielement HC lamp will usually be less thatl those 
of a lamp containing a pure cathode of the same element because this element must share 
the discharge energy with the other elements present. However, this reduction should not 
affect the output by a factor of more than one-sixth to one-half, depending on the 
particular combination and the number of elements combined. The output can be even 
greater in some mu!tielement lamps because alloying may permit a higher operating current 
than for the case of the pure cathode. All HC lamps have life expectancies that are related to 
the volatility of the cathode metal, and for this reason the manufacturer's recommendations 
for operating should be closely followed. 

Recent improvements in design and manufacture of HC lamps and EDLs have resulted in 
lamps with more constant output and longer life. Under normal conditions an HC lamp may 
be expected to operate satisfz -torily for several years. HC lamps used to be guaranteed for a 
certain minimum anmpere-hour period, but this has been changed to a 90-day warranty. It is 
good practice to date newly purchased lamps and to inspect them immediately upon receipt.
The operating current and voltage indicated on the lamp should not be exceeded during use. 
An increase in background noise or a loss of sensitivity are. signs of lamp deterioration. 

A basic design feature of AA spectrometers is the convenience of the HC lamp changeover 
system. Some instruments provide for as many as six lamps in a rotating turret, all 
electronically stabilized and ready for use by simply rotating the lamp turret. Other 
instruments provide for use of only one lamp at a time in tY, lamp housing, and require 
manual removal and replacement whenever more than one element is to be measured. A 
quick-changeover system enables frequent lamp changes during the period of operation. If 
necessary lamp changes are infrequent, however, multilainp mounts do not represent a great 
convenience. 

After the proper lamp has been selected, the HC current should be adjusted according to the 
manufacturer's recommendations and allowed to electronically stabilize (warm up) before 
use. During this I5-min period, the monochromator may be positioned at the correct 
wavelength, and the proper slit width may be selected. For those instruments employing a 
multilamp turret, a warmup current is provided to those lamps not in use, thereby 
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minimizing the warmup per'od after the turret is rotated. In a single-lamp instrument, the 
instability exhibited during warmup is minimized by the use of a double-beam optical 
system. 

3.6.5.2 Burner Types 

The most difficult and inefficient step in the AA process is converting the metal in the 
sample from an ion or a molecule to the neutral atomic state. It is the function of the 
atoniizer/burner to produce the desired neutral atomic condition of the elements. With 
minor modifications burners are the same as those used for flame photometry. 

Basically there are two different types of burners. They are the total-consumption, or 
surface-mix burner, and the laminar-flow or premix burner. There are many variations of 
these two basic types, such as the Boling, the high-solids, the turbulent-flow, the triflame, 
the nitrous oxide burners, and many others. As one might expect, there are many 
similarities among the various burners, the different names resulting from the different 
manufacturers. The element being determined and the type of' sample solution dictate the 
type of burner to be used. Generally, all types and makes of burner can be adjusted 
laterally, rotationally, and vertically for selection of the most sensitive area of the flame for 
the specific element sought. 

Nonflame techniques have gained wide acceptance in AA analysis because of the extreme 
sensitivity and the capability to directly introduce very diverse sample matrices. These 
systems, which replace the conventional flame burner, come in various designs using 
electrical resistance to produce temperatures as high as 3,500'C. 

3.6.5.3 Single- and Double, (Spiit-) Beam Instruments 

There is a great deal of existing uncertainty among instrument users about the relative 
merits of single- and double-beam instruments. Neither system is appropriate for all cases. 

With a single-beam instrument the light beam from the source passes directly through the 
flame to the detector. In a double-beam system the light from the source is divided by a 
beam splitter into two paths. One path, the reference beam, goes directly to the detector. 
The second path, the sample beam, goes through the flame to the detector. The chopper 
alternately reflects and passes each beam, creating two equal beams falling alternately upon 
the detector. If the beams are equal, they cancel the alternate impulses reaching the 
detector, and no signal is generated. If the beams are different, the resulting imbalance 
causes the detector to generate a signal that is amplified and measured. The difference 
between the reference and sample beams is then determined as a direct function of absorbed 
light. The advantages of the double-beam design are that any variations in the source are of 
reduced importance, and smaller dependence is placed upon the stability of the power 
supply. Conversely, stabilization of the power supply can eliminate the apparent need for 
the split-beam system. Furthermore, the beam splitter requires additional mirrors or optical 
accessories that cause some loss of radiant energy. 

A single-beam system does not monitor source variations, but offers certain other 
advantages. It allows use of low-intensity lamps, smaller slit settings, and smaller gain. As a 
consequence, the single-beam instrument, properly designed, is capable of operating with 
lower noise and better signal-to-noise ratio, and therefore with better precision and 
improved sensitivity. Because the simplified optical system conserves radiant energy, 
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especially in the shorter wavelengths, it facilitates operation in the low-wavelength range. 
With this advantage, it should be possible to obtain better sensitivity for those elements with 
a strong resonance line below 350 nm and particularly tl'.ose below 300 nm. Background 
correction techniques are also available in single-beam systems. 

Double-beam instruments, however, offer the opportunity to perform more sophisticated 
techniques like background correction, two-channel multielement analysis, use of internal 
standards, and element rationing. If one of these techniques is necessary, a double-beam 
instrument must be considered. 

3.6.5.4 Readout Devices 

Readout devices in even the lower cost AA instruments include digital concentration 
display. Using high-speed digital electronics, data-handling techniques encompass multiple 
calibration standards, regression analysis to characterize the calibration curves, mean 
variance and standard deviation statistical programs for sample calculations, and various 
forms of printout reports in addition to recorder output. Choice of a readout system is 
predicated largely upon laboratory needs and availability of budget. In general, any step 
toward automation is desirable, but the degree of automation should be compatible with the 
laboratory program. 

3.6.5.5 Miscellaneous Accessories 

A number of instruments contain a mode selector, making an instrument usable for either 
absorption or emission. The conversion to emission may be a desirable feature because 
certain elements are more amenable to analysis by this method. Some models offtr an 
option of atomic fluorescence and can also be used as a UV/visible spectrometer. 

Automatic sample changers are offered for almost all instruments on the market, and as has 
been previously stated, any automation feature is desirable. However, unless a laboratory 
program performs a large number of repetitious measurements daily, an automatic sample 
changer is not required. As a practical measure, other commonly used sample-changing 
devices, although not expressly designed for AA use, can be interfaced with most AA 
instruments. 

3.7 Organic Carbon Analyzers 

A number of instruments designed to measure total organic carbon (TOC) in waters and 
wastes have appeared on the market in the past several years. The first of these units 
involved pyrolysis followed by IR measurement of the carbon dioxide formed. Sample 
injection of 20 to 200 pl in a carrier gas of air or oxygen was performed with a syringe. 
Combustion at 800*C to 900'C followed by IR analysis was performed automatically with 
final output on an analog recorder. Systems using these principles are still produced and 
represent a large part of the TOC market. 

Other techniques of TOC analysis that modify every phase of the original TOC instruments 
have been introduced. Sample presentation in small metallic boats and purging of CO2 from 
solution are two new techniques. Wet chemical oxidation, either external to the instrument 
or within the instrument, using various oxidants including ultraviolet irradiation is now in 
wide use. Measurement of the CO2 by reduction to methane (CH 4 ) and quantitation with a 
flame ionization detector are also available. Various methods of data handling are now used, 
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ranging from recorder output to direct readings and printouts of concentration. Techniques 
are also available for measuring materials like soil and sludges, and also the volatile 

component of the TOC. Sensitivity on some systems has been extended down to the 

microgram per liter level. The major problems associated with TOC measurements are 

interference from forms of inorganic carbon and the difficulty of obtaining a representative 

sample in the presence of particulate matter. Each system has its own procedure for sample 

or for accounting for these problems. When choosing a TOC instrument,pretreatment 
consideration should be given to the types of samples to be analyzed, the expected 

concentration range, and the forms of carbon to be measured. 

3.8 	Gas Chromatographs 

Because GC's are available from a large number of manufacturers, selection of a particular 

manufacturer may be based on convenience. No single multipurpose GC instrument permits 

analysis of a wide range of compounds. In this case, a GC/MS could be considered ( 1). If, 

however, relatively few types of environmentally significant compounds are being surveyed, 

an inexpensive system equipped with a glass-lined injection port, electrolytic conductivity 
good choice. A review of the organic methods (12) to bedetector, and analog recorder is a 

used will give the analyst all the necessary information on the specific instrument, 

apparatus, and materials necessary for each type or class of compounds. A discussion of 

various quality control considerations in GC analysis is given in chapter 8 of this manual. 

Data handling requirements vary widely, and the need to automate GC data collection is 

determined by the extent of the sample load. In a routine monitoring laboratory, GC 

systems incorporating their own microprocessers and report generating capabilities would be 

useful in solving this problem. Because such systems greatly increase the cost, the overall 

economy of this choice must be considered. 
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Chapter 4
 

GLASSWA RE
 

4.1 	 General 

The measurement of trace constituents in water demands methods capable of maximum 
sensitivity. This is especially true for metals and trace organics such as pesticides, as well as 
for the determination of ammonia and phosphorus. In addition to sensitive methods, 
however, there are other areas that require special consideration. One such area is that of the 
cleanliness of laboratory glassware. Obviously, the very sensitive analytical systems are more 
sensitive to errors resulting from the improper use or choice of apparatus, as well as to 
contamination effects due to an improper method of cleaning the apparatus. The purpose of 
this chapter is to discuss the kinds of glassware available, the use of volumetric ware, and 
various cleaning requirements. 

4.2 	Types of Glassware 

Laboratory vessels serve three functions: storage of reagents, measurement of solution 
volumes, and confinement of reactions. For special purposes, vessels made from materials 
such as porcelain, nickel, iron, aluminum, platinum, stainless steel, and plastic may be 
employed to advantage. Glass, however, is the most widely used material of construction. 
There are many grades and types of glassware from which to choose, ranging from student 
grade to others possessing specific properties such as super strength, low boron content. and 
resistance to thermal shock or alkali. Soft glass containers are not recommended for general 
use, especially for storage of reagents because of the possibility of dissolving of the glass (or 
of some of the constituents of the glass). The mainstay of the modem analytical laboratory 
is a highly resistant borosilicate glass, such as that manufactured by Coming Glass Works 
under the name "Pyrex" or by Kimble Glass Co. as "Kimax." This glassware is satisfactory 
for all analyses included in reference 1. 

Depending on the particular manufacturer, various trade names are used for specific brands 
possessing special properties such as resistance to heat, shock, and alkalies. Examples of 
some of these special brands follow: 

a. Kimax- or Pyrex-brand glass is a relatively inert all-purpose borosilicate glass. 

b. Vycor-brand glass is a silica glass (96 percent) made to withstand continuous 
temperatures up to 900'C and can be down-shocked in ice water without breakage. 

c. Coming-brand glass is claimed to be 50 times more resistant to 
conventional ware and practically boron-free (maximum 0.2 percent). 

alkalies than 

d. Ray-Sorb- or Low-Actinic-brand glass is used when the reagents or materials are light 
sensitive. 

e. 	 Corex-brand labware is harder than conventional borosilicates and therefore better 
able to resist clouding and scratching. 

The use of plastic vessels, containers, and other apparatus made of Teflon, polyethylene. 
polystyrene, and polypropylene has increased markedly over recent years. Some of these 
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materials, such as Teflon, are quite expensive; however, Teflon stopcock plugs have 
practically replaced glass plugs in burets, separatory funnels, etc., because lubrication to 
avoid sticking or "freezing" is not required. Polypropylene, a methylpentene polymer, is 
available as laboratory bottles, graduates, beakers, and even volumetric flasks. It is crystal 
clear, shatterproof, autoclavable, and chemically resistant. 

The following are some points to consider in choosing glassware or plasticware: 

a. The special types of glass listed above, other than Pyrex or Kimax, generally are not 
required to perform the analyses given in "Methods for Chemical Analysis of Water 
and Wastes" (1). 

b. Unless instructed otherwise, borosilicate or polyethylene bottles may be used for the 
storage of reagents and standard solutions. 

c. Dilute metal solutions are prone to plate out on container walls over long periods of 
storage. Thus, dilute metal standard solutions must be prepared fresh at the time of 
analysis. 

d. For some operations, disposable glassware is entirely satisfactory. One example is 
the use of disposable test tubes as sample containers for use with the Technicon 
automatic sampler. 

e. Plastic bottles of polyethylene and Teflon have been found satisfactory for the 
shipment of water samples. Strong mineral acids (such as sulfuric acid) and organic 
solvents will readily attack polyethylene and are to be avoided. 

f. Borosilicate glassware is not 
standard solutions of silica, 

completely 
boron, and 

inert, particularly to alkalies; therefore, 
the alkali metals are usually stored in 

polyethylene bottles. 

For additional information the reader is referred to tihe catalogs of the various glass and 
plastic manufacturers. These catalogs contain a wealth of information such as specific 
properties, uses, and sizes. 

4.3 Volumetric Analyses 

By common usage, accurately calibrated glassware for precise measurements of volume has 
become known as volurnetric glassware. This group iii6dtides volumetric flasks, volumetric 
pipets, and accurately calibrated burets. Less accurate types of glassware including 
graduated cylinders and serological and measuring pipets also have specific uses in the 
analytical laboratory when exact volumes are unnecessary. 

The precision of volumetric work depends in part upon the accuracy with which volumes of 
solutions can be measured. There are certain sources of error that must be carefully 
considered. The volumetric apparatus must be read correctly: that is,the bottom of the 
meniscus should be tangent to the calibration mark. There are other sources of error, 
however, such as changes in temperature, which result in changes in the actual capacity of 
glass apparatus and in the volume of the solutions. The capacity of an ordinary glass flask of 
1000-ml volume increases 0.025 ml/deg with rise in temperature, but if the flask is made of 
borosilicate glass, the increase is much less. One thousand milliliters of water or of most 
0.1N solutions increases in volume by approximately 0.20 ml/deg increase at room 
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temperature. Thus solutions must be measured at the temperature at which the apparatus 
was calibrated. This temperature (usually 20'C) will be indicated on all volumetric ware. 
There may also be errors of calibration of the apparatus; that is, the volume marked on the 
apparatus may not be the true volume. Such errors can be eliminated only by recalibrating 
the apparatus or by replacing it. 

Volumetric apparatus is calibrated to contain or to deliver a definite volume of liquid. This 
will be indicated on the apparatus with the letters "TC" (to contain) or "TD" (to deliver). 
Volumetric flasks are calibrated to contain a given volume and are available in various shapes 
and sizes. 

Volumetric pipets are calibrated to deliver a fixed volume. The usual capacities are I 
through 100 ml although micropipets are also available. Micropipets are most useful in 
furnace work and are available in sizes ranging from I to 100 MI. 

In emptying volumetric pipets, they should be held in a vertical position and the outflow 
should be unrestricted. The tip of the pipet is kept in contact with the wall of the receiving 
vessel for a second or two after the free flow has stopped. The liquid remainingin the tip is 
not removed; this is most important. 

Measuring and serological pipets should also be held in a vertical position for dispensing 
liquids; however, the tip of the pipet is only touched to the wet surface of the receiving 
vessel after the outflow has ceased. For those pipets where the small amount of liquid 
remaining in the tip is to be blown out and added, indication is made by a frosted band near 
the top. 

Burets are used to deliver definite volumes. The more common types are usually of 25- or 
50-ml capacity, graduated to tenths of a milliliter, and are provided with stopcocks. For 
precise analytical methods in microchemistry, microburets are also used. Microburets 
generally are of 5- or 10-ml capacity, graduated in divisions of hundredths of a milliliter. 
Automatic burets with reservoirs are also available ranging in capacity from 10 to 100 ml. 
Reservoir capacity ranges from 100 to 4,000 ml. 

General rules in regard to the manipulation of a buret are as follows: Do not attempt to dry 
a buret that has been cleaned for use, but rinse it two or three times with a small volume of 
the solution with which it is to be filled. Do not allow alkaline solutions to stand in a buret 
because the glass will be attacked, and the stopcock, unless made of Teflon, will tend to 
freeze. A 50-ml buret should not be emptied faster than 0.7 ml/s, otherwise too much liquid 
will adhere to the walls and as the solution drains down, the meniscus will gradually rise. 
giving a high false reading. It should be emphasized that improper use or reading of burets 
can result in serious calculation errors. 

In the case of all apparatus for delivering liquids, the glass must be absolutely clean so that 
the film of liquid never breaks at any point. Careful attention must be paid to this fact or 
the required amount of solution will not be delivered. The various cleaning agents and their 
use are described later. 

4.4 Federal Specifications for Volumetric Glassware 

Reference 2 contains a description of Federl specifications for volumetric glassware. The 
National Bureau of Standards no longer accepts stock quantities of volumetric apparatus 
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from manufacturers cr dealers for certification and return for future sale to consumers. This 
certification service is still available, but apparatus will be tested only when submitted by 
the ultimate user, and then only after an agreement has been reached with the Bureau 
concerning the work to be done. 

Consequently, the various glass manufacturers have discontinued the listing of NBS-certified 
ware. In its place catalog listings of volumetric glass apparatus that meet the Federal 
specifications are designated as class A and all such glassware is permanently marked with a 
large "A." These NBS specifications are listed in table 4-1. The glassware in question 
includes the usual burets, volumetric flasks, and volumetric pipets. 

In addition to the "A" marking found on calibrated glassware and the temperature at which 
the calibration was made, other markings also appear. These include the type of glass, such 

Table 4-1 
TOLERANCES FOR VOLUMETRIC 

GLASSWARE 1 

Type Capacity 2 Limit of Error 
of 

Glassware (ml) (ml) 

Graduated flask 25 0.03 
50 0.05 

100 0.08 
200 0.10 
250 0.11 
300 0.12 

-.ba500 0.15 
"1,000 0.30 
2,000 0.50 

Transfer pipet 2 0.006 
5 0.01 

10 0.02 
25 0.025 
30 0.03 

, 50 0.05 
100 0.08 
200 0.10 

Buret 3 5 0.01 
10 0.02 
30 0.03 
50 0.05 

100 0.10 

1Abridged from reference 3.
 
2Less than and including.
 
3 Limits of error are of total or partial capacity.
 

Customary practice is to test the capacity at five 
intervals. 
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as Pyrex, Corex, or Kimax; the stock number of the particular item; and the capacity of the 
vessel. If the vessel contains a ground-glass connection, this will also be included along with 
the TD or TC symbol. An example of the markings usually found on volumetric ware is 
shown in figure 4-1. Class A glassware need not be recalibrated before use. However, if it 
should become necessary to calibrate a particular piece of glassware, directions may be 
found in texts (4) on quantitative analysis. 

4.5 Cleaning of Glass and Porcelain 

The method of cleaning should be adapted to both the substances that are to be removed, 
and the determination to be performed. Water-soluble substances are simply washed out 
with hot or cold water, and the vessel is finally rinsed with successive small amounts of 
distilled water. Other substances more difficult to remove may require the use of a 
detergent, organic solvent, dichromate cleaning solution, nitric acid, or aqua regia (25 
percent by volume concentrated HNO 3 in concentrated HCO). In all cases it is good practice 
to rinse a vessel with tap water as soon as possible after use. Materia! allowed to dry on 
glassware is much more difficult to remove. 

Volumetric glassware, especially burets, may be thoroughly cleaned by a mixture containing 
the following: 30 g of sodium hydroxide, 4 g of sodium hexametaphosphate (trade name, 
Calgon), 8 g of trisodium phosphate, and I 1 of water. A gram or two of sodium lauryl 
sulfate or other surfactant will improve its action in some cases. This solution should be 
used with a buret brush. 

Dichromate cleaning solution (chromic acid) is a powerful cleaning agent- however, because 
of its destructive nature upon clothing and upon laboratory furniture, extreme care must be 
taken when using this mixture. If any of the solution is spilled, it must be cleaned up 
immediately. Chromic acid solution may be prepared in the laboratory by adding I I of 
concentrated sulfuric acid slowly, with stirring, to a 35-ml saturated sodium dichromate 
solution. This mixture must be allowed to stand for approximately 15 min in the vessel that 
is being cleaned and may then be returned to a storage bottle. Following the chromic acid 
wash, the vessels are rinsed thozoughly with tap water, then with small successive portions 
of distilled water. The analyst should be cautioned that when chromium is included in the 

PYREX GLASS CO. KIMAX 
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STANDARD 
o*- TAPER' 1 " 
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Figure 4-1. Example of markings on glassware. 
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scheme of analysis, it is imperative that the last traces of dichromate be removed from the 
apparatus. To this end, a substitute for dichromate cleaning solution, called Nochromix,* is 
available and may be used to advantage. Fuming nitric acid is another powerful cleaning 
agent, but is disagreeable to handle. As with dichromate, when the acid becomes dilute, the 
cleaning mixture is no longer effective. A mixture of concentrated sulfuric and fuming nitric 
acids is even more efficient but is also hazardous to use. A persistent greasy layer or spot 
may be removed by acetone or by allowing a warm solution of sodium hydroxide, about I g 
per 50 ml of water, to stand in the vessel for 10 to 15 min; after rinsing with water, dilute 
hydrochloric acid, and water again, the vessel is usually clean. Alcoholic potassium 
hydroxide is also effective in removing grease. To dry glass apparatus, rinse with acetone and 
blow or draw air through it. 

4.6 Special Cleaning Requirements 

Absorption cells, used in spectrophotometers, should be kept scrupulously clean, free of 
scratches, fingerprints, smudges, and evaporated film residues. The cells may be cleaned with 
detergent solutions for removal of organic residues, but should not be soaked for prolonged 
periods in caustic solutions because of the possibility of etching. Organic solvents may be 
used to rinse cells in which organic materials have been used. Nitric acid rinses are 
permissible, but dichromate solutions are not recommended because of the adsorptive 
properties of dichromate on glass. Rinsing and drying of cells with alcohol or acetone before 
storage is a preferred practice. Matched cells should be checked to see that they are 
cquivalent by placing portions of the same solution in both cells and taking several readings 
of the transmittance (T, percent) or optical density (OD) values. 

For certain determinations, especially trace metals, the glassware should also be rinsed with 
a 1 : 1 nitric acid-water mixture. This operation is followed by thoroughly rinsing with tap 
water and successive portions of distilled water. This may require as many as 12 to 15 rinses. 
especially if chromium is being determined. The nitric acid rinse is also especially important 
if lead is being determined. 

Glassware to be used for phosphate determinations should not be washed with detergents 
containing phosphates. This glassware must be thoroughly rinsed with tap water and 
distilled water. For ammonia and Kjeldahl nitrogen, the glassware must be rinsed with 
ammonia-free water. (See ch. 2.) 

Glassware to be used in the determination of trace organic constituents in water, such as 
chlorinated pesticides, should be as free as possible of organic contaminants. A chromic acid 
wash of at least 15 min is necessary to destroy these organic residues. Rinse thoroughly with 
tap water and, finally, with distilled water. Glassware may be dried for immediate use by 
rinsing with redistilled acetone. Otherwise glassware may be oven dried or drip dried. 
Glassware should be stored immediately after drying to prevent any accumulation of dust 
and stored inverted or with mouth of glassware covered with foil. 

Bottles to be used for the collection of samples for organic analyses should be rinsed 
successively with chromic acid cleaning solution, tap water, distilled water, and, finally, 
several times with a rcdistilled solvent such as acetone, hexane, petroleum ether. or 
chloroform. Caps are washed with detergent, rinsed with tap water, distilled water, and 

*Available from Godax Laboratories, 6 Varick Street, New York, N.Y. 10013. 
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solvent. Liners are treated in the same way as the bottles and are stored in a sealed 
container. 

4.7 	 Disposable Glassware 

When the risk of washing a pipet for reuse becomes too great, as in the case of use with 
toxic materials, or when the cost of washing glassware becomes prohibitive, disposable 
vessels may be the answer, provided they meet the necessary specification. Various types are 
available including bacteriological, serological, and microdilution pipets. Disposable glass
ware generally is made of soft glass although plastic vessels and pipets are also available. 

4.8 	Specialized Glassware 

The use of vessels and glassware fitted with standard-taper, ground-glass, and ball-and-socket 
joints has increased because of certain advantages such as less leakage and fewer freezeups. 
Standard-taper, interchangeable ground joints save time and trouble in assembling apparatus. 
They are precision-ground with tested abrasives to insure an accurate fit and freedom from 
leakage. Ball and socket joints increase flexibility of operation and eliminate the need for 
exact alinements of apparatus. Symbols and their meaning as applied to standard joints, 
stoppers, and stopcocks are shown below. 

4.8.1 Standard Taper (1) 

The symbol J is used to designate interchangeable joints, stoppers, and stopcocks that 
comply with the requirements of reference 5. All mating parts are finished to a 1: 10 taper. 

The size of a particular piece appears after the appropriate symbol. Primarily because of 
greater variety of apparatus equipped with I fittings, a number of different types of 
identifications are used: 

a. 	 For joints-a two-part number as 1 24/40, with 24 being the approximate diameter 
in millimeters at the large end of the taper and 40 the axial length of taper, also in 
millimeters 

b. 	 For stopcocks-a single number, as 1 2, with 2 mm being the approximate diameter 
of the hole or holes through the plug 

c. 	 For bottles-a single number, as J 19, with 19 mm being the appropriate diameter at 
top of neck. However, there are differences in dimensions between the bottle and 
flask stoppers 

d. 	 For flasks and similar containers-a single number, as J 19, with 19 mm being the 

appropriate diameter of the opening at top of neck 

4.8.2 Spherical Joints (1) 

The designation q is for spherical (semiball) joints complying with reference 5. The complete 
designation of a spherical joint also consists of a two-part number, as 12/2, with 12 being 
the approximate diameter of the ball and 2 the bore of the ball and the socket. also in 
millimeters. 
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4.8.3 Product Standard (9) 

The symbol g is used for stopcocks with Teflon plugs, the mating surfaces being finished to 
a 1:5 taper. As with I stopcocks, a single number is used. Thus, E 2 means a Teflon 
stopcock with a hole of approximately 2-mm diameter in the plug. 

4.9 	 Fritted Ware 

For certain laboratory operations the use of fritted ware for filtration, gas dispersion, 
absorption, or extractions may be advantageous. 

There are six different porosities of fritted ware available, depending on its intended use. 
Porosity is controlled in manufacture, and disks are individually tested and graded into these
classifications. The extra-coarse and coarse porosities are held toward the maximum pore
diameter as listed. The medium, fine, very fine, and ultrafine are held toward the minimum 
pore diameter as listed in table 4-2. 

Pore sizes are determined by the method specified in reference 6. 

4.9.1 Recommended Procedures for Maximum Filter Life 

a. 	 New Filters. Wash new filters by suction with hot hydrochloric acid, followed by a 
water rinse. 

b. 	 Pressure limits. The maximum, safe, differential pressure on a disk is 15 lb/in2 . 

c. 	 Thermal Shock. Fritted ware has less resistance to thermal shock than nonporous
glassware. Hence, excessive, rapid temperature changes and direct exposure to a
flame should be avoided. Heating in a furnace to 500'C may be done safely,
provided the heating and cooling are gradual. Dry ware ma., be brought to constant 
weight by heating at 105'C to I10°C. 

Never subject a damp filter of ultrafine porosity to a sudden temperature change. Steam 
produced in the interior may cause cracking. 

Table 4-2
 
FRITTED-WARE POROSITY
 

Porosity Pore Size Principal Uses
 
Grade Designation (pm)
 

Extra Coarse EC 170-220 Coarse filtration; gas dispersion, washing, and 
absorption

Coarse C 40-60 Coarse filtration; gar dispersion, washing, and 
absorption

Medium M 10-15 Filtration and extraction 
Fine F 4-5.5 Filtration and extraction 
Very Fine VF 2-2.5 General bacterial filtration 
Ultrafine UF 0.9-1.4 General bacterial filtration 
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4.9.2 Cleaning of Used Filters 

In many cases, precipitates can be removed by rinsing with water, passed through from the 
underside, with the pressure not exceeding 15 lb/in 2 . The suggestions that follow will be 
helpful in dealing with material that will not be removed by such a reverse water-wash: 

Material 	 Removal Agent 

Albumen ....................... 	 Hot ammonia or hydrochloric acid
 

Aluminous and siliceous residues ..... Hydrofluoric acid (2 percent) followed by concen
trated sulfuric acid; rinse immediately with 
water until no trace of acid can be detected. 

Copper or iron oxides ............. Hot hydrochloric acid plus potassium chlorate
 

Fatty materials .................. Carbon tetrachloride
 

Mercuric sulfide.................. Hot aqua regia
 

Organic matter .................. Hot, concentrated cleaning solution, or hot, con
centrated sulfuric acid with a few drops of sodi
ium nitrite 

Silver chloride ................... Ammonium or sodium hyposulfite
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Chapter 5
 

REAGENTS, SOLVENTS, AND GASES
 

5.1 Introduction 

The objective of this chapter is to provide general information and suggestions that will 
serve to keep the analyst conscious of his responsibilities in analytical quality control, as 
they relate to reagents, solvents, and gases. While the material presented here will assist the 
analyst in producing high-quality data, it is by no means complete. It is incumbent on the 
analyst to obtain details of special precautions required to insure proper selection, 
preparation, and storage of reagents, solvents, and gases from the descriptions of individual 
methods. 

5.2 Reagent Quality 

Chemical reagents, solvents, and gases are available in a wide variety of grades of purity. 
ranging from technical grade to various ultrapure grades. The purity of these materials 
required in analytical chemistry varies with the type of analysis. The parameter being 
measured and the sensitivity and specificity of the detection system are important factors in 
determining the purity of the reagents required. For many analyses, including most 
inorganic analyses, analytical reagent grade is satisfactory. Other analyses, such as trace 
organic and radiological, frequently require special ultrapure reagents, solvents, and gases. In 
methods where the purity of reagents is not specified it is intended that analytical reagent 
grade be used. Reagents of lesser purity than that specified by the method should not be 
used. The labels on the container should be checked and the contents examined to verify 
that the purity of the reagents meets the needs of the particular method involved. The 
quality of reagents, solvents, and gases required for the various classes of analyses-inorganic. 
metals, radiological, and organic-are discussed in this section. 

Reagents must always be prepared and standardized with the utmost of care and technique 
against reliable primary standards. They must be restandardized or prepared fresh as often as 
required by their stability. Stock and working standard solutions must be checked regularly 
for signs of deterioration: e.g., discoloration, formation of precipitates, and change of 
concentration. Standard solutions should be properly labeled as to compound, concentra
tion, solvent, date, and preparer. 

Primary standards must be obtained from a reliable source, pretreated (e.g.. dried. under 
specified conditions), accurately prepared in calibrated volumetric glassware, and stored in 
containers that will not alter the reagent. A large number of primary standards are available 
from the Na.ional Bureau of Standards (NBS). A complete listing of available standards is 
given in reference 1. Primary standards may also be obtained from many chemical supply 
companies. Suppliers for special quality reagents, solvents, and gases are noted in later 
discussions of the various classes of analyses. Reagents and solvents of all grades are available 
from many chemical supply houses. 

There is some confusion among chemists as to the definition of the terms "Analytical 
Reagent Grade," "Reagent Grade." and "ACS Analytical Reagent Grade." A review of the 
literature and chemical supply catalogs indicates that the three terms are synonymous. 
Hereafter, in this document, the term "Analytical Reagent Grade" (AR) will be used. It is 
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intended that AR-grade chemicals and solvents shall conform to the current specifications of 
the Committee on Analytical Reagents of the American Chemical Society (2). 

References 3 through 5 devote several chapters to problems related to preparation,
standardization, and storage of reagents. The information provided therein is particularly
appropriate to inorganic determinations. The type of volumetric glassware to be used, the 
effect of certain reagents on glassware, the effect of temperature on volumetric 
measurements, purity of reagents, absorption of gases and water vapor from the air, 
standardization of solutions, instability, and the need for frequent standardization of certain 
reagents are among the topics discussed. It is recommended that the analyst become 
thoroughly familiar with these publications. 

5.2.1 General Inorganic Analyses 

In general, AR-grade reagents and solvents are satisfactory for inorganic analyses. Primary 
standard reagents must, of course, be used for standardizing all volumetric solutions. 
Commercially prepared reagents and standard solutions are very convenient and may be 
used when it is demonstrated that they meet the method requirements. All prepared 
reagents must be checked for accuracy. 

The individual methods specify the reagents that require frequent standardization, or other 
special treatment, and the analyst must follow through with these essential operations. To 
avoid waste, the analyst should prepare a limited volume of such reagents, depending on the 
quantity required over a given period of time. Examples and brief discussions of the kind of 
problems that occur are given in section 5.3. 

As far as possible, distilled water used for preparation of reagent solutions must be free of 
measurable amounts of the constituent to be determined. Special requirements for distilled 
water are given in chapter 3 of this manual and in individual method descriptions. 

Compressed gases, such as oxygen and nitrogen, used for total organic carbon determination 
may be of commercial grade. 

5.2.2 Metals Analyses 

All standards used for atomic absorption and emission spectroscopy should be of 
spectroquality. It is recommended that other reagents and solvents also be of spectroquality, 
although AR grade is sometimes satisfactory. Standards may be prepared by the analyst in 
the laboratory, or spectrographically standardized materials may be purchased commer
cially. Standards required for determination of metals in water are not generally available 
from the National Bureau of Standards. 

Analytical-reagent-grade nitric and hydrochloric acids must be specially prepared by 
distillation in borosilicate glass and diluted with deionized distilled water. All other reagents
and standards are also prepared in deionized water. 

In general, fuel and oxidant gases used for atomic absorption can be of commercial grade.
Air supplied by an ordinary laboratory compressor is quite satisfactory, if adequate pressure
is maintained and necessary precautions are taken to filter oil, water, and possible trace 
metals from the line. For certain determinations such as aluminum, AR-grade nitrous oxide 
is required. 
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5.2.3 Radiological Analyses 

The great sensitivity of radioactive counting instruments requires that scintillation-grade 
reagents and solvents, or equivalent, be used for all radioactivity determinations. Some of 
the reagents, for example, strontium carbonate and yttrium oxide carriers used for the 
determination of strontium-90 and yttrium-90, must be stable, that is, free of radioactivity. 
Barium sulfate, used for coprecipitation of radium, must be free from all traces of radium. 
These reagents and solvents are commercially available from chemical supply houses. 

Calibrated standard sources of specific radioactive materials with known count and date of 
counting are available from various suppliers. No single company supplies all standards. 

Gases used for radioactive counting must be of high purity and extra dry. Gases such as 
helium and air are aged for about 30 days to allow radioactive background to decay. All 
gases are checked for background before use. Some cylinders contain inherent radioactivity 
that is imparted to the gas. When this background is above normal, the gas should not be 
used for radioactivity determinations. 

5.2.4 Organic Chemical Analyses 

The minimum purity of reagents that can be used for organic analyses is AR grade. 
Reference-grade standards should be used whenever available. Special note should be taken 
of the assay of standard materials. Owing to the great sensitivity (nanogram and 
subnanogram quantities) of gas chromatography (GC), which is often used to quantitate 
organic results, much greater purity is frequently required (6). The specificity of some GC 
detectors requires that reagents and solvents be free of certain classes of compounds. For 
example, analyses by electron capture require that reagents and solvents be free of 
electronegative materials that would interfere with the determination of specific compounds 
in the sample. Similarly, use of the flame photometric detector requires that reagents and 
solvents be free from sulfur and phosphorus interference. Pesticide-quality solvents, 
available from several sources, are required when doing low-level work. AR-grade solvents 
are permissible when analyzing industrial waste samples. 

However, the contents of each container must be checked to assure its suitability for the 
analyses. Similarly, all analytical reagents and other chemicals must also be checked 
routinely. 

The quality of gases required for GC determinations varies somewhat with the type of 
detector. In general, the compressed gases are a prepurified dry grade. Grade A helium from 
the U.S. Bureau of Mines has always been satisfactory. The Dohrmann nitrogen detection 
system requires the use of ultrapure hydrogen for satisfactory results. Argon-methane used 
for electron-capture work should be oxygen free and should have an oxygen trap in the 
supply line. The use of molecular-sieve, carrier-gas filters and drying tubes is required on 
combustion gases and is recommended for use on all other gases. It is recommended that the 
analyst familiarize himself with an article by Burke (7) on practical aspects of GC. 

All reagents, solvents, and adsorbents used for thin-layer chromatography must be checked 
to be certain that there are no impurities present that will react with the chromogenic 
reagent or otherwise interfere with subsequent qualitative or quantitative determinations. 
Glass-backed layers prepared in the laboratory or precoated layers supplied by a 
manufacturer may be used; however, precoated layers are more difficult to scrape. It is 
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recommended, therefore, that layers prepared in the laboratory be used when zones are to 
be scraped to recover isolated compounds. Plastic-backed layers are generally unsatisfactory 
for this type of analysis. 

Adsorbents most commonly used for column chromatographic cleanup of sample extracts 
are Florisil,* silica gel, and alumina. These must be preactivated according to the method 
specifications and checked for interfering constituents. 

5.3 Elimination of Determinate Errors 

To produce high-quality analytical data, determinate errors must be eliminated or at least 
minimized. For purposes of this discussion, we assume that a competent analyst and reliable 
equipment in optimum operating condition are available. Thus, determinate errors that 
might result from an inexperienced or careless analyst and poor equipment are eliminated. 
The remaining sources of error are the reagents, solvents, and gases that are used throughout 
the analyses. The quality of these materials, even though they are AR grade or better, may 
vary from one source to another, from one lot to another, and even within the same lot. 
Therefore, the analyst must predetermine that all of these materials are free of interfering 
substances under the conditions of the analyses. To do this he must have a regular check 
program. Materials that do not meet requirements are replaced or purified so that they can 
be used. 

5.3.1 Reagent Blank 

The first step the analyst must take is to determine the background or blank of each of the 
reagents and solvents used in a given method of analysis. The conditions for determining the 
blank must be identical to those used throughout the analysis, including the detection 
system. If the reagents and solvents contain substances that interfere with a particular 
analysis, they should be treated so that they can be used, or satisfactory reagents and 
solvents must be found. 

5.3.2 Method Blank 

After determining the individual reagent or solvent blanks, the analyst must determine the 
method blank to see if the cumulative blank interferes with the analyses. The method blank 
is determined by following the procedure step by step, including all of the reagents and 
solvents, in the quantity required by the method. If the cumulative blank interferes with the 
determination, steps must be taken to eliminate or reduce the interference to a level that 
will permit this combination of solvents and reagents to be used. If the blank cannot he 
eliminated, the magnitude of the interference must be considered when calculating the 
concentration of specific constituents in the samples being analyzed. 

A method blank should be determined whenever an analysis is made. The number of blanks 
to be run is determined by the method of analysis and the number of samples being 
analyzed at a given time. In some methods, such as the AutoAnalyzer procedures, the 
method blank is automatically and continuously compensated for because a continuous 
flow of the reagents passes through the detector. In other procedures, such as the gas 
chromatographic determination of pesticides, a method blank is run with each series of 
samples analyzed. Usually this is one blank for every nine samples. 

*Trademark of Floridin Co. 
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5.3.3 Elimination of Intsrferances and Other Sources of Error 

Procedures for eliminating or at least minimizing impurities that produce specific 
interferences or high g-neral background vary with the reagent and method involved. These 
procedures may include the following: recrystallization, precipitation, distillation, washing 
with an appropriate solvent. or a combination of these. Examples of procedures used for 
various types of analyses are given below. For complete information, the analyst should 
consult the individual methods. 

5.3.3.1 General Inorganic Analyses 

Analytical-reagent-grade chemicals and solverts usually present no interference problems in 
inorganic analyses. However, some reagents do not always meet methods requirements. An 
example is potassium persulfate used in phosphorus and nitrogen determinations. This 
reagent is frequently contaminated with ammonia. Therefore, it is routinely purified by 
passing air through a heated water solution of the reagent. The purified potassium persulfate 
is recovered by recrystallization. 

A problem more commonly encountered in inorganic analyses is the rapid deterioration of 
the standard reagents and other ingredients. To minimize or eliminate this problem, some 
reagents, for example, ferrous ammonium sulfate, must be standardized daily. Others, such 
as sodium thiosulfate used for dissolved oxygen determination, may require a substitute 
reagent such as phenylarsine oxide. Solid phenol, which readily oxidizes and acquires a 
reddish color, can be purified by distillation. Starch indicator used for idiometric titrations 
may be prepared for each use or preserved by refrigeration or by addition of zinc chloride or 
other suitable compounds. 

5.3.3.2 Metals Analyses 

In general, spectrograde chemicals, solvents, and gases present no interference problems in 
atomic absorption or emission spectrographic determinations. However, standards that do 
not meet the requirements of the method are sometimes obtained. Ordinarily, no effort is 
made to purify them. They are simply replaced by new reagents of sufficient purity. Some 
reagents may form precipitates on standing. Such reagents will reduce the accuracy of 
quantitative analyses and should not be used. 

5.3.3.3 Radiological Analyses 

In general, reagents that do not meet the purity requirements for radiological determina
tions are replaced with reagents that are satisfactory. However, in some instances (for 
example, barium sulfate used for coprecipitation of radium) it may be necessary to perform 
repeated recrystallization to remove all forms of radium, and reduce the background count 
to a usable level. In some instances, solvents that do not meet requirements may be distilled 
to produce adequate purity. In some cases, gases having background counts may be usable 
after aging as described earlier. If not, they should be replaced with gases that are 
satisfactory. 

5.3.3.4 Organic Analyses 

Many AR-grade chemicals and solvents, and at times pesticide-quality solvents, do not meet 
the specifications required for the determination of specific organic compounds. Impurities 
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that are considered trace, or insignificant, for many analytical uses are often present in 
greater quantities than the organic constituents being measured. Coupled with the 
several-hundred-fold concentration of the sample extract that is usually required, such 
impurities can cause very significant interferences in trace organic analyses. Reagents and 
solvents found to be unsatisfactory, under the conditions of the analyses, must be replaced 
or cleaned up so that they are usable. Some useful cleanup procedures are

a. 	 Washing the inorganic reagents with each solvent that the reagent contacts during
the analysis 

b. 	 Washing the adsorbents, such as silica gel G and Florisil, with the solvents that are 
used for a specified column or thin-layer chromatographic procedure, or reactivating
the Florisil by firing to 630°C 

c. 	 Preextracting distilled water with solvents used for the particular analysis involved 

d. 	 Preextracting aqueous reagent solutions with the solvents involved 

e. Redistilling solvents in all-glass systems using an efficient fractionating column 

f. 	 Recrystallizing reagents and dyes used in colorimetric or thin-layer determinations 

If the reagents and solvents thus produced are not of sufficient purity, they should be 
replaced. 

Dirty gases (quality less than specified) are particularly troublesome in gas chromatographic
analyses. They may reduce the sensitivity of the detector, and produce a high or noisy
baseline. If this occurs, the cylinder should be replaced immediately. Similarly, if cylinders
of compressed gases are completely emptied in use, the end volumes of the gas may produce 
a similar and often more severe effect. Oils and water may get into the system and foul the 
detector. When this occurs the system must be dismantled and cleaned. Overhaul of the
detector may be required. To reduce chances of this, it is recommended that all gas
cylinders be replaced when the pressure falls to 100 to 200 psi. Filter driers are of little help
in coping with this type of contamination. 

5.3.4 Storing and Maintaining Quality of Reagents and Solvents 

Having performed the tasks of selecting, preparing, and verifying the suitability of reagents,
solvents, and gases, the analyst must properly store them to prevent contamination and 
deterioration prior to their use. Borosiicate glass bottles with ground-glass stoppers are 
recommended for most standard solutions and solvents. Plastic containers such as 
polyethylene are recommended for alkaline solutions. Plastic containers must not be used 
for reagents or solvents intended for organic analyses. However, plastic containers may be 
used for reagents not involved with organic analyses if they maintain a constant volume, and 
if it is demonstrated that they do not produce interferences and do not absorb constituents 
of interest. It is important that all containers be properly cleaned and stored prior to use. 
(Refer to ch. 4 for details.) 

Standard reagents and solvents must always be stored according to the manufacturer's 
directions. Reagents or solvents that are sensitive to the light should be stored in dark 
bottles and in a cool, dark place. It is particularly important to store materials used for 
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radiological determinations in dark bottles, because photoluminescence will produce high 
background if light-sensitive detectors are used for counting. Some reagents require 
refrigeration. 

Adsorbents for thin-layer and column chromatography are stored in the containers that they 
are supplied in, or according to the requirements of individual methods. When new stock 
solutions are necessary, dilutions of the old and new standard should be compared to 
determine their accuracy. 

The analyst should pay particular attention to the stability of the standard reagents. 
Standards should not be kept longer than recommended by the manufacturer or in the 
method. Some standards are susceptible to changes in normality because of absorption of 
gases or water vapor from the air. Provisions for minimizing this effect are given in 
reference 4. 

The concentration of the standards will change as a result of evaporation of solvent. This is 
especially true of standards prepared in volatile organic solvents. Therefore, the reagent 
bottles should be kept stoppered, except when actually in use. The chemical composition of 
certain standards may change on standing. Certain pesticides, for instance, will degrade if 
prepared in acetone that contains small quantities of water. Thus. it is essential that working 
standards be frequently checked to determine changes in concentration or composition. 
Stock solutions should be checked before preparing new working standards from them. 
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Chapter 6
 

QUALITY CONTROL FOR ANALYTICAL PERFORMANCE
 

6.1 Introduction 

Previous chapters discussed basic elements of quality control (QC) pertaining to laboratory 
services, instrumentation, glassware, reagents, solvents, and gases; the reader should refer to 
the appropriate sections to determine necessary specifications and requirements for QC. 
Assuming that these basic variables are under QC, that approved methods are being used., 
and that the complete system is initially under QC, valid precision and accuracy data must 
initially be developed for each method and analyst. Then, to insure that valid data continue 
to be produced, systematic daily checks must show that the test results remain reproducible, 
and that the methodology is actually measuring the quantity in each sample. In addition, 
QC must begin with sample collection and must not end until the resulting data have been 
reported. QC of analytical performance within the laboratory is thus but one vital link in 
the dissemination of valid data to the public. Understanding and conscientious use of QC 
among all fiek sampling personnel, analytical personnel, and management personnel is 
imperative. Technical approaches are discussed in the following sections. 

6.2 The Industrial Approach to QC 

In the 1920's, Dr. Walter A. Shewhart of Bell Telephone Laboratories. Inc. developed the 
theory of control charts as a basic method for evaluating the quality of products from 
manufacturing r-.,:esses His book (1) on statistical QC grew out of this original work. 
Later, acceptance of his concepts and related statistical techniques within industry led to 
refined, quantitative evaluations of product quality in manufacturing. Dr. Shewhart's work 
on production processes assumed a uniform product manufactured in large numbers and 
inspected on a continuous basis through the periodic analysis of samples of n production 
units. The resulting data, x 1, x 2 .... xn , were then used to estimate precision. as the 
standard deviation S or range R, and accuracy, as the arithmetic mean X. These statistics 
were calculated as follows: 

/1)1I. x2 _(fz: 
S= n- I 

R = the largest of the X. - the smallest of the Xi 

nEZx. 
= 1=1 tZ: . 

These statistics were evaluated by plotting them on control charts developed from similar 
statistics taken while the process was under properly controlled operation. The elements 
common to such control charts are represented in figure 6-1. They include an expected 
value (the central line) and an acceptable range of occurrence (the region between upper and 
lower control limits). 
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Figure 6-1. Essentials of a control chart. 

There are many reference sources available that discuss in great detail the classic Shewhart 
control charts and related statistics that have since been developed for specific industrial 
applications (2-4). In addition, many authors have discussed applications of a related type of 
control chart called a cumulative-summation (cusum) chart (2,4). Rather than evaluating 
each sample independently, the cusum chart evaluates the cumulative trend of the statistics 
from a series of samples. Because each successive point is based upon a cumulative data 
trend, cusum charts are often considered more effective than control charts in recognizing 
process changes and, therefore, may minimize losses from production of unacceptable units;
however, cusum charts require the more difficult calculations, and optimally designed 
Shewhart techniques have been found to be almost as effective (2,4), so there is no universal 
agreement on the choice between them. 

6.3 Applying Control Charts in Environmental Laboratories 

In industrial applications, separate control charts are recommended for each product, each 
machine, and each operator. Analogous system variables in an environmental laboratory are 
the parameter, the instrument, and the analyst. However, environmental laboratories 
routinely have to contend with a variable that has no industrial counterpart-the true 
concentration level of the investigated parameter, which may vary considerably among
samples. Unfortunately, the statistics that work well for industry are sensitive to the 
variability in true concentration that is common in environmental analysis; e.g.. the classic X 
and R statistic values increase substantially as concentration increases. This variability in 
true concentration means there are no expected values for randomly selected samples, so 
that the accuracy of testing methodology must be evaluated indirectly through the recovery 
of standards and spikes. As a result, it has been difficult for environmental laboratories to 
satisfactorily apply industrial QC techniques. 

There are two possible approaches to the solution of the problem of variation in the true 
concentration level; either use of a statistic that is not sensitive to this variation or 
application of the industrial techniques within restricted concentration ranges. Obviously, 
the former should be preferred because it actually solves the problem and does not require 
the development and maintenance of a series of charts for each parameter. 

6.3.1 Quality Control Charts for Accuracy 

Two replacements for the Shewhart T control chart have been suggested for evaluating the 
recovery of a series of different standards or spikes. One of these, a cusum chart using the 
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square of the difference between the observed and true values, is described in an EPA 
Region VI QC manual (5). The other alternative uses the classic Shewhart technique to 
evaluate the percent recovery instead of X. It is recommended that the percent recovery be 
calculated as 

observedP= 100 
known 

for standards, or 

observed - backgroundP= 100 
spike 

for recovery of spikes into natural water backgrounds. An example of the linear relationship 
between percent recovery and the known concentration of standards and spikes is demon
strated in the accuracy plots of a recent EPA method study report on analysis of mercury 
(6). Both approaches are being used on a daily basis by various environmental laboratories. 

The data in table 6-1 were used in the EPA Region VI manual (5) to illustrate the 
development of a cusum chart. The actual data have been reordered here to appear in 
ascending order of the known values. Note that the mean and the range of the d2 values 
increase with increasing concentration level, and this violates a basic premise for acceptable 
control chart statistics. Because the percent recovery data do not show any such trend. it is 
the recommended control chart statistic for controlling accuracy. 

From the data in table 6-1, a Shewhart control chart for percent recovery can be calculated 

in the following way: 

Average percent recovery 

23 

Pz1 
=I
 

23 

2,310 

23 

100.4 

The standard deviation for percent recovery 

23/2 /23 

SP 2 26 
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234,074 - (2,310)2 /23 

22 

= ,V/94.0-751 

= 9.70 

Therefore, the upper control limit becomes the following: 

UCL 	-+ 3S 

= 100.4 + 3(9.70) 

= 129.5 

Table 6-1
 
ANALYSIS' OF TOTAL PHOSPHATE-PHOSPHORUS STANDARDS. IN mg/I
 

TOTAL PO4 -P
 

DiffeencePercent 
Point Known Obtained Difference d 2 Recovery p 

Pi 

1 0.34 0.33 0.01 0.0001 97 9,409 
2 0.34 0.34 0.00 0.0000 100 10,000 
3 0.40 0.40 0.00 0.0000 100 10,000 
4 0.49 0.49 0.00 0.0000 100 10.000 
5 0.49 0.49 0.00 0.0000 100 r,.10,000 
6 0.49 0.63 -0.14 0.0196 129 16,641 
7 0.50 0.47 0.03 0.0009 94 8.836 
8 0.50 0.53 -0.03 0.0009 106 11.236 
9 0.50 0.56 -0.06 0.0036 112 12.544 

10 0.52 0.59 -0.07 0.0049 113 12.769 
11 0.66 0.70 -0.04 0.0016 106 11.236 
12 0.66 0.60 0.06 0.0036 91 8.281 
13 0.67 0.65 0.02 0.0004 97 9.409 
14 0.68 0.65 0.03 0.0009 96 9.216 
15 0.83 0.80 0.03 0.0009 96 9.216 
16 0.98 0.75 0.23 0.0529 77 5.929 
17 1.3 1.2 0.10 0.0100 92 8,464 
18 1.3 1.3 0.00 0.0000 100 10,000 
19 1.6 1.7 -0.10 0.0100 106 11,236 
20 2.3 2.3 0.00 0.0000 100 10.000 
21 2.3 2.4 -0.10 0.0100 104 10.816 
22 3.3 3.3 0.00 0.0000 100 10.000 
23 4.9 4.6 0.30 0.0900 94 8.836 

Totals 2,310 234.074 

1Using a colorimetric method with persulfate digestion. 
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and the lower control limit becomes 

LCL = 100.4 - 29.1 

= 71.3 

The completed control chart is shown in figure 6-2. 

Following normal procedures, the control chart must indicate the conditions under which it 
was developed; i.e., laboratory name, parameter, method of analysis, date of preparation, 
and any other information unique to the initializing data, such as range of concentration 
and identification of analyst(s). A control chart is not generally applicable under other 
conditions. 

To verify the control chart, the initializing data should be checked to be sure that none of 
the values exceeds these new control limits. In addition, if its distribution is proper, about 
68 percent of the initializing data should fall within the inter"! P ±Sp. It has been 
suggested that the control chart is not valid if less than 50 percent of the initializing data 
falls within this interval. 

In applying the control chart, either of the following two conditions would indicate an 
out-of-control situation: 

a. Any point beyond the control limits 

b. Seven successive points on the same side of the value JP of the central line 

When an out-of-control situation occurs, analyses must be stopped until the problem has 
been identified and resolved, after which the frequency should be indreased for the next few 
percent-recovery QC checks. The problem and its solution must be documented, and all 
analyses since the last in-control point must be repeated or discarded. 

140 

UCL 

.. 120 

0 

C 100 

'U 
L)Cr'U 80 
C.. LCL 

60 1 I 

0 5 10 15 20 25 

SAMPLE NUMBER 

Figure 6-2. Shewhart control chart for percent recovery data. 
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A final note of caution regarding use of a single percent-recovery P control chart over a 
broad concentration range is necessary. As noted earlier for the analysis of mercury, a good 
linear relationship of the form 

X =P (known concentration) + K 

where K is a constant, seems appropriate for many parameters. However, to justify use of a 
single percent-recovery control chart, K must be small enough relative to the P(known 
concentration) term that it has little or no practical effect upon the value of X. This will 
usually be true for moderate or high concentration levels, but may not be true at very low 
concentration levels. As a result, for some parameters it may be necessary to develop a 
separate percent-recovery or Shewhart X chart for each standardized low concentration level 
sample. 

6.3.2 Quality Control Charts for Precision 

Because the characteristics of the range statistic change as concentration changes, two 
alternatives to Shewhart's R chart have been used in environmental laboratories to evaluate 
the precision of routine sample analyses. 

One alternative is a cusum chart using the sum of the squared difference between duplicate 
determinations on randomly selected routine samples (5). Because the range R for duplicate 
analyses is equal to the difference between them, the cusum statistic equals the sum of 
squared ranges Y-I2 R 2 . However, if R changes significantly as concentration level changes, 
then R2 is affected even more and, therefore, is not as good a criterion for judging whether 
precision of the system is within acceptable limits. 

The other alternative uses a chart similar to the R chart, but the chart statistic is either the 
percent relative standard deviation (I00S1X), the coefficient of variation (CV or SIX), or 
the industriai statistic I. For the duplicate determinations A and B, I equals the absolute 
value of thei, difference divided by their sum, or IA - BI/(A +B), and can be shown to be 
equivalent to the other two statistics: 

S 
l00(CV) = 100 

= 100 
(A + B)/2 

2 R 
- 100-- A+IOVWA+B 

200 A - BI 

V,/-2 A+B 

2001 

For the sake of computational ease, I seems to be a logical alternative to R. 
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The next concern is whether I is independent of changes in concentration level. Based upon 
experience with duplicates on routine samples taken during the last 2 years by EPA Region 
VII, I appears to decrease substantially as concentration increases. In recognition of this 
possible dependency, control charts for I should only be developed from and applied to 
results within a limited concentration range. Note that control charts for R could be applied 
under similar limitations. 

As an illustration of the concentration dependency of these precision statistics, table 6-2 
provides estimates of R and I for different concentration ranges of three parameters. These 
parameters were selected because approximately 100 sets of duplicates were available that 
were well distributed over a reasonably broad concentration range. The ranges for the sum 
of duplicates A + B used in table 6-2 were selected because they were convenient and the 
data tended to be well distributed among them. Data judged to be out of control were 
discarded before any calculations were made. 

Table 6-2 indicates the concentration dependence of both the range R and the industrial 
statistic I for these three parameters. Because I is not independent of concentration and is 

Table 6-2 
ESTIMATES OF THE RANGE (R = [A- B I) AND THE INDUSTRIAL STATISTIC 
(I= IA- BJ/(A +B)) OF THREE DIFFERENT PARAMETERS FOR VARIOUS CON-
CENTRATION RANGES 1 

No. ofRange ofParameter Ran Sets of 2A +B 2R 21Duplicates 

BOD, 5-day (mg/I) 2 to <20 21 11.7 1.04 0.0888 
20 to <50 30 35.2 1.94 0.0552 
50 to <100 27 72.2 3.33 0.0462 

100 to <300 29 204.1 6.52 0.0319 
300 to <600 17 394.4 11.1 0.0282 
600 to <2,000 12 1,041 12.1 0.0116 

2,000 up 3 6,683 177 0.0264
 

Chromium (pg/) 10 to <20 32 12.3 0.32 0.0306 
20 to <50 15 33.4 0.57 0.0170 
50 to <100 16 72.4 1.12 0.0155 

100 to <300 15 170.3 3.80 0.0223 
300 to <1,000 8 480.3 5.25 0.0109 

1,000 up 5 6,340 76.0 0.0120 

Copper (,g/I) 10 to <30 16 22.2 0.93 0.0617 
30 to <50 23 38.2 1.35 0.0368 
50 to <100 21 70.8 1.14 0.0169 

100 to <200 26 131.9 2.33 0.0177 
200 to <400 10 268.0 2.81 0.0105 

400 up 3 702.0 4.56 0.0065 

From EPA Surveillance and Analysis Laboratory, Region VII. 
2Average values. 
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Table 6-3 
SHEWHART UPPER CONTROL LIMITS (UCL) AND CRIT-
ICAL RANGE RC VALUES FOR THE DIFFERENCES BE-
TWEEN DUPLICATE ANALYSES WITHIN SPECIFIC CON-
CENTRATION RANGES FOR THREE PARAMETERS' 

Parameter Concentration UCL R
Range

2 

BOD, 5-day (mg/I) Ito <10 3.40 3.5 
10 to <25 6.34 6 
25 to <50 10.9 11 
50 to <150 21.3 21 

150 to <300 36.3 36 
300 to <1,000 39.6 340 

1,000 up 579 3579 

Chromium (pg/I) 5 to <10 1.05 1 
10 to <25 1.86 2 
25 to <50 3.66 4
 
50 to <150 12.4 12
 
150 to <500 17.2 317
 

500 up 249 3249
 

Copper (pg/I) 5 to <15 3.04 3 
15 to <25 4.41 4 
25 to <50 3.73 5 
50 to <100 7.62 8 

100 to <200 9.19 39 
200 up .',, 14.9J 315
 

1From EPA Surveillance and Analysis Laboratory, Region VII. 
2 Equal to half of the range of A +B given in table 6-2. 
3Based on fewer than 15 sets of duplicate analyses. 

more difficult to calculate and develop control charts for, the use of R charts for a series of 
sequential concentration ranges for each parameter seems practical. However, because the 
primary concern when using any range chart is whether the upper control limit has been 
exceeded, an even more practical approach would be to develop a table of these limits for all 
concentration levels of each parameter. As an example, table 6-3 contains the calculated 
Shewhart upper control limits for the range R from duplicate analyses within the various 
concentration levels for the three parameters in table 6-2. These limits were calculated, as 
usual, from the Shewhart factor D4 for ranges based upon duplicate analyses and the 
appropriate average value of the range R given in table 6-2. For example, the UCL for 25 to 
50 mg/l of BOD was calculated as follows: 

UCL =D4Z 

= 3.27(3.33)
 

- 10.9 
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Table 6-3 also contains a critical range RC column. Because the data from EPA Region VII 
were almost always whole units with only a very occasional half unit reported, the Rc value 
is the UCL value rounded to the nearest whole unit at higher concentration levels and to the 
nearest half unit for the lowest concentration level. However, there is an exception to this 
rule among the low-concentration Rc values for copper that demonstrates an advantage
beyond the simplicity of using such tables. The UCL value for copper at 25 to 50 pg/I is 
inconsistent with the UCL values for adjacent concentration levels, and the Rc value has 
been adjusted to resolve this inconsistency. Without the table, such inconsistencies could 
very easily go unnoticed. 

The examples in table 6-4 illustrate how to use the R c values in table 6-3. This technique,
consisting of the development and use of a table of critical-range Rc values at different 
concentration levels, is recommended to control precision. Normal control chart procedures
should be followed as in section 6.3.1 regarding identification and verification of the table. 
The table should be updated periodically as additional, or more current, 6eta become 
available, or whenever the basic analytical system undergoes a major change. If any
difference between duplicate analyses exceeds the critical-range value for the appropriate
concentration level, then analyses must be stopped until the problem is identified and 
resolved, and the frequency should be increased for the next few precision checks. After 
resolution, the problem and its solution must be documented, and all analyses since the last 
in-control check must be repeated or discarded. 

6.4 Recommended Laboratory Quality Assurance Program 

A minimum laboratory quality assurance program should include control procedures for 
each parameter as described in the following sections. 

6.4.1 Standard Curves 

A new standard curve should be established with each new batch of reagents, using at least 
seven concentration levels. 

6.4.2 Quality Control Checks for Each Analytical Run 

With each batch of analyses, the following tests should be run: 

a. One blank on water and reagents 

Table 6-4 
CRITICAL RANGE VALUES FOR VARYING CONCENTRATION 

LEVELS 

Parameter Duplicates R Rc R R Conditionof System 

BOD (mg/I) 20 and 24 4 6 Yes Normal 
Chromium (/ug/I) 60 and 75 15 12 No Out-of-control 
Copper (pg/I) 46 and 51 5 15 Yes Normal 
1This R. value is used because (46 + 51)/2 = 48.5, which is between 25 
and 50. 
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b. 	 One midpoint standard 

c. 	 One spike to determine recovery 

d. 	 One set of duplicate analysis 

The results from b through d should be compared with previous in-control data by using the 
appropriate technique recommended in section 6.3. 

6.4.3 Interlaboratory QC 

An 	interlaboratory QC program would require each laboratory to do the following: 

a. 	 Analyze reference-type samples to provide independent checks on the analytical 
system. These may be available from EPA as QC samples, from the National Bureau 
of Standards as standard reference materials, or from commercial sources. If 
performance limits are not provided, the results should fall within the routine limits 
of each laboratory for a standard at a level comparable to the specified true value. 

b. 	 Participate in performance evaluation and method studies as available from EPA, 

from the American Society for Testing and Materials, and from other agencies. 

6.5 	 Outline of aComprehensive Quality Assurance Program 

In the following discussion the symbols used represent the results of analysis according to 
the scheme: 

A I = first replicate of sample A 

A 2 = second replicate of sample 'A 

B = sample taken simultaneousl) with sample A 

BS F = field spike into sample B 

BSL = laboratory spike into sample B 

DF = field spike into distilled water 

DL = laboratory spike into distilled water 

T = true value for all spikes 

The laboratory spikes BSL and DL are the only analyses that may not be necessary. All 

other analyses must be done simultaneously. 

6.5.1 Steps for the Field Personnel 

A comprehensive quality assurance program would include the following steps for each 
parameter in the monitoring study: 

a. 	 Take independent simultaneous samples A and B at the same sampling point. 
Depending on the parameter, this might involve side-by-side grab samples or 
composite samplers mounted in parallel. 
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b. 	 Split sample A into the equal-volume samples A 1 and A2. 

c. 	 Split sample B into equal volumes and add a spike T to one of them; the latter 
sample becomes sample BSF. As with all spikes, the addition of T should 
approximately double the anticipated concentration level. 

d. 	 Add the same spike T to a distilled water sample furnished by the laboratory and 
designate this sample as DF. 

These QC samples must be treated in the same way as routine samples: i.e., the volume, type
of container, preservation, labeling, and transportation must be the same for all. 

6.5.2 Steps for the Laboratory 

The laboratory personnel should perform the following steps for quality assurance: 

a. 	 Analyze the blank and midpoint standard recommended in section 6.4. If results are 
unsatisfactory, resolve problems before continuing. 

b. 	 Analyze sample DF. If the percent recovery of T is unsatisfactory (see section 
6.3.1 ), create a similarly spiked, distilled-water sample DL and analyze to test for a 
systematic error in the laboratory or fundamental problems with the spike. If the 
percent recovery of T from DL is satisfactory, any systematic error occurred before 
the samples reached the laboratory. 

c. 	 Analyze samples B and Bs F . If B is below the detection limit, or if B is greater than 
lOT or less than 0.1 T, disregard the remainder of this step and proceed to step d. If 
the percent recovery of T from BSF is unsatisfactory (see section 6.3.1), spike an 
aliquot of sample B the same way in the laboratory so that a similar recovery can be 
anticipated. Analyze this sample BS L to test for immediate sample interferences or a 
bad background result B. If the percent recovery from BSL is satisfactory, then the 
interference must require a longer delay before analysis, or other special conditions 
not present in the laboratory, in order to have a noticeable effect upon recovery of 
the spike. 

d. 	 Analyze A, and A 2. If the absolute (unsigned) difference between these results 
exceeds the critical value (see section 6.3.2) +henprecision is out of control. 

e. 	 Calculate the absolute difference between A 1 and B. If it is unsatisfactory (see 
section 6.3.2), the field sampling procedure did not provide representative samples. 

If initial results at each of the laboratory steps were satisfactory, then the validity of the 
related data has been indisputably established. If results at any step are unsatisfactory. 
resolution depends upon the problem identified. Laboratory problems may just require that 
the analyses be repeated, but field problems will Lsually require new samples. Figure 6-3 is 
intended to clarify the interdependence of the preceding laboratory steps b through e. 

In figure 6-3 it must be noted that there is no way to identify additive sample interferences: 
i.e., those that have an equal effect upon the background-plus-spike results (BS F or BS L) 
and the background result B. Recovery of a spike will not show such interferences. 
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Figure 6-3. Procedure for evaluating QC data from a monitoring study. 
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Problems causing systematic errors that may occur in the field include the following: 

a. 	 Contaminated preservative, distilled water, or containers 

b. 	 Contamination by sampling personnel 

c. 	 Deterioration through excessive holding time or use of an ineffectual preservation 
technique 

d. 	 Use of a bad field-spiking procedure 

6.6 	 Related Topics 

6.6.1 Advanced Laboratory Automation and Its Effect on QC 

Advanced laboratory automation systems under development analyze samples automatically 
and use a control computer to interpret the resulting data and produce an analytical report. 
The primary benefits of such a system are not only that the data-recording and calculation 
errors common to manual analyses have been inherently eliminated, but also that extensive 
QC can be accomplished quite easily and cheaply. The computer can be programed to 
automatically recognize different kinds of QC samples and to establish or recall appropriate 
control limits. Thus the QC overhead is reduced considerably and QC procedures previously 
too costly or complex become practical. 

As an example of a QC procedure that is considered impractical for manual use, regression 
could be used to determine the relationship between concentration change and the accuracy 
and precision statistics discussed earlier. Using these relationships, very responsive, single 
accuracy and precision charts could be developed for each parameter. As computer-assisted 
analysis becomes common, automated laboratories will very likely replace the manual 
procedures recommended earlier in this chapter with evaluation criteria based upon 
regressions. 

6.6.2 Method Comparability (Equivalency) 

Requirements for method comparability are under development for proposed alternatives to 
the methodology specified in Public Law 92-500, section 304(g). A final version of these 
requirements should be available from EPA at a later date; 
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Chapter 7
 

DATA HANDLING AND REPORTING
 

7.1 Introduction 

To obtain meaningful data on water quality, the sample collector must obtain a 
representative sample and then deliver it unchanged for analysis. The analyst must perform 
the proper analysis in the prescribed fashion, complete calculations, and convert results to 
final form for permanent recording of the analytical data in meaningful, exact terms. These 
results are transferred to a storage facility for future interpretation and use. 

The following sections discuss processing of actual values, recording and reporting of data in 
the proper way, some means of quality control of data, and the storage and retrieval of data. 

7.2 The Analytical Value 

7.2.1 Significant Figures 

The term "significant figure" is used, sometimes rather loosely, to describe a judgment of 
the reportable digits in a result. When the judgment is not soundly based, meaningful digits 
are lost or meaningless digits are reported. On the other hand, proper use of significant 
figures gives an indication of the reliability of the analytical method used. 

The following discussion describes the process of retention of significant figures. 

A number is an expression of quantity. A figure or digit is any of the characters 0, 1, 2. 3, 4, 
5, 6, 7, 8, 9, which, alone or in combination, serve to express a number. A significant figure 
is a digit that denotes the amount of the quantity in the particular decimal place in which it 
stands. Reported analytical values should contain only significant figures. A value is made 
up of significant figures when it contains all digits known to be true and one last digit in 
doubt. For example, if a value is reported as 18.8 mg/l, the 18 must be firm while the 0.8 is 
somewhat uncertain, but presumably better than one of the values 0.7 or 0.9 would be. 

The number zero may or may not be a significant figure depending on the situation. 

Final zeros after a decimal point are always meant to be significant figures. For example. to 
the nearest milligram, 9.8 g is reported as 9.800 g. 

Zeros before a decimal point with nonzero digits preceding them are significant. With no 
preceding nonzero digit, a zero before the decimal point is not significant. 

If there are no nonzero digits preceding a decimal point, the zeros after the decimal point 
but preceding other nonzero digits are not significant. These zeros only indicate the position 
of the decimal point. 

Final zeros in a whole number may or may not be significant. In a conductivity 
measurement of 1,000 Amho/cm, there is no implication by convention that the conductiv
ity is 1,000 ± 1Imho. Rather, the zeros only indicate the magnitude of the number. 
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A good measure of the significance of one or more zeros interspersed in a number is to 
determine whether the zeros can be dropped by expressing the number in exponential form. 
If they can, the zeros may not be significant. For example, no zeros can be dropped when 
expressing a weight of 100.08 g in exponential form; therefore the zeros are significant. 

- 4 g, So theHowever, a weight of 0.0008 g can be expressed in exponential form as 8 X 10 

zeros are not significant. Significant figures reflect the limits in accuracy of the particular 

method of analysis. It must be decided whether the number of significant digits obtained for 
resulting values is sufficient for interpretation purposes. If not, there is little that can be 
done within the limits of the given laboratory operations to improve these values. If more 
significant figures are needed, a further improvement in method or selection of another 
method will be required. 

Once the number of significant figures obtainable from a type of analysis is established, data 
resulting from such analyses are reduced according to set rules for rounding off. 

7.2.2 Rounding Off Numbers 

Rounding off of numbers is a necessary operation in all analytical areas. It is automatically 
applied by the limits of measurement of every instrument and all glassware. However, when 
it is applied in chemical calculations incorrectly or prematurely, it can adversely affect the 
final results. Rounding off should be applied only as described in the following sections. 

7.2.2.1 Rounding-Off Rules 

If the figure following those to be retained is less than 5, the figure is dropped, and the 
retained figures are kept unchanged. As an example, 11.443 is rounded off to 11.44. 

If the figure following those to be retained is greater than 5, the figure is dropped, and the 
last retained figure is raised by 1. As an example, 11.446 is rounded off to 11.45. 

If the figure following those to be retained is 5, and if there are no figures other than zeros 
beyond the five. the figure 5 is dropped, and the last-place figure retained is increased by 
one if it is an odd number or it is kept unchanged if an even number. As an example. 11.435 
is rounded off to 11.44, while 1 1.425 is rounded off to 11.42. 

7.2.2.2 Rounding Off Arithmetic Operations 

When a series of numbers is added, the sum should be rounded off to the same number of 
decimal places as the addend with the smallest number of places. However, the operation is 
completed with all decimal places intact, and rouading off is done afterward. As an 
example, 

11.1 
11.12 

+11.13 

33.35 

The sum must be rounded off to 33.4. 
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When one number is subtracted from another, rounding off should be completed after the 
subtraction operation, to avoid possible invalidation of the operation. 

When two numbers are to be multiplied, all digits are carried through the operation, then 
the product is rounded off to the number of significant digits of the multiplier with the 
fewer significant digits. 

When two numbers are to bc divided, the division is carried out on the two numbers using 
all digits. Then the quotient is rounded off to the number of significant digits of the divisor 
or dividend, whichever has the fewer. 

When a number contains n significant digits, its root can be relied on for n digits, but its 
power can rarely be relied on for n digits. 

7.2.2.3 Rounding Off the Results of aSeries of Arithmetic Operations 

The preceding rules for rounding off are reasonable for most calculations; however, when 
dealing with two nearly equal numbers, there is a danger of loss of all significance when 
applied to a series of computations that rely on a relatively small difference in two values. 
Examples are calculation of variance and standard deviation. The recommended procedure is 
to carry several extra figures through the calculations and then to round off the final anskLr 
to the proper number of significant figures. 

7.3 Glossary of Statistical Terms 

To clarify the meanings of statistical reports and evaluations of water quality data, the 
following statistical terms are introduced. They are derived in part from usage (1,2) of the 
American Society for Quality Control. 

Accuracy-The difference between an average value and the true value when the latter is 
known or assumed. 

Arithmetic mean-The arithmetic mean (or average) of a set of n values is the sum of the 
values divided by n: 

n 

5zxi 
1= ! 

=
 X
 

n 
Bias-A systematic error due to the experimental method that causes the measured values to 
deviate from the true value. 

Confidence limit, 95 percent-The limits of the range of analytical values within which a 
single analysis will be included 95 percent of the time, 

95 percent CL = X ± 1.96S 

where CL is the confidence level and S is the estimate of the standard deviation. 
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Constant-A nonvarying qualitative or quantitative characteristic of the population. 

Geometric mean-A measure of central tendency for data from a positively skewed 
distribution (log normal), 

5-;log Xi
 

Xg antilog 
n 

Interference-A biological or chemical attribute of a test sample that positively or negatively
offsets the measured result from the true value. If interference that is not segregated and 
identified is present, it enlarges or reduces the method bias. 

Median-Middle value of all data ranked in ascending order. If there are two middle values, 

the median is the mean of these values. 

n-The number of values Xireported for a sample. 

N-The total number of values Xiof the entire population or universal set of data. 

Population-The total set of units, items, or measurements under consideration. 

Precision-Relative to the data from a single test procedure, the degree of mutual agreement 
among individual measurements made under prescribed conditions. 

Precision data-Factors that relate to the variations among the test results themselves; i.e., 
*h-scatter or dispersion of a series of test results, without assumption of any prior 
information. 

Range-The difference between the highest and lowest values reported for a sample. 

Relative deviation (coefficient of variation)-The ratio of the standard deviation S of a set of 
numbers to their mean X expressed as percent. It relates standard deviation (or precision) of 
a set of data to the size of the numbers: 

S

CV = RD (percent) = 100-= 

X 

Relative error-The mean error of a series of measured data values as a percentage of the 
true value X,, 

= 100 Ix - YIRE (percent) 
Xt 

Sample-Groups of units or portions of material, taken from a larger collection of units or 
quantity of material, that provide information to be used for judging the quality of the total 
collection or entire material as a basis for action on them or on their production processes. 
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Series-A number of test results with common properties that identify them uniquely. 

Skewness-A measure of the asymmetry of a frequency distribution, 

(Xi _X) 3 

K = 
3 

no 

This measure is a pure signed number. If the data are perfectly symmetrical, the skewness is 
zero. If K is negative, the long tail of the distribution is to the left. If K is positive, the long 
tail extends to the right. 

Standard deviation-The square root of the variance of the universe, 

N N)2 

27X3 - _ /A 

N 

Standard deviation estimate--The most widely used measure to describe the dispersion of a 
set of data. Normally X ± S will include 68 percent, and X 2S will include about 95 
percent of the data from a study: 

n i 

..- 3 .... ) 2It
i=1 I = 

S= n-l' 

Standard deviation, single analyst-A measure of dispersion for data from a single analyst 
that is calculated here using an equation developed by Youden for his nonreplicate study 
design (3), 

n 

i=1 

S I 2(n - 1) 

where D = the difference in paired values obtained from a single analyst.
 

Universe-The total set of items or measurements.
 

Variable-An experimentally determined estimate denoted X for a particular quality or trait
 
of the population. 

7.4 Report Forms 

The analytical information reported should include the measured parameters; the details of 
the analysis such as burette readings, absorbance, wavelength, normalities of reagents. 
correction factors, blanks: and the reported data values. 
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To reduce errors in manipulation of numbers a general rule is to reduce handling and 
transposition of data to an absolute minimum. Ideally, a report form includes preliminary 
information about the sample and its analysis, and the same form is used for the final 
entering of data into a computer; however, such report forms are not yet common. Rather, 
a variety of methods is used to record data. 

7.4.1 Loose Sheets 

Reporting of data onto loose or ring-binder forms is a means of recording data that allows 
easy addition of new sheets, removal of older data, or collection of specific data segments.
However, the easy facility for addition or removal also permits loss or misplacement of 
sheets, mixups in date sequence, and ultimately questionable status of the data for formal 
display or presentation as courtroom evidence. 

7.4.2 Bound Books 

The use of bound books is an improvement in data recording that tends to result in a 
chronological sequence of data insertion. Msdification beyond a simple lined book improves 
its effectiveness with little additional effort. Numbering of pages encourages use of data in 
sequence and also aids in referencing data through a table of contents ordered according to 
time, type of analysis, kind of sample, and identity of analyst. 

Validation can be easily accomplished by requiring the analyst to date and sign each analysis 
on the day completed. This validation can be strengthened further by providing space for 
the laboratory supervisor to witness the date and the completion of the analyses. 

A further development of the bound notebook is the commercially available version 
designed for research-type work. These notebooks are preprinted with book and page 
numbers, and spaces for title of project, project number, analyst signature, witness 
signature, ar dates. Each report sheet has a detachable duplicate sheet that allows 
up-to-date review by management without disruption of the notebook in the laboratory. 
The cost of research-type bound notebooks is about four times that of ordinary note
books.* 

Use of bound notebooks has been limited to research and development work where an 
analysis is part of a relatively long-term project, and where the recording in the notebook is 
the prime disposition of the data until an intermediate or final report is written. 

However, bound notebooks can and should be used in routine analytical laboratories such as 
those concerned with water quality. The need for repeated information on sampling and 
analyses can be answered by use of preprinted pages in the bound notebooks. 

7.4.3 Preprinted Report Forms 

Most field laboratories and installations repetitively analyzing fixed parameters develop their 
own system c compiling laboratory data that may include bound notebooks, but a means 
of forwarding data is also required. Usually, laboratories design forms to fit a related group 

*Scientific Notebook Co., 719 Wisconsin Ave., Oak Park, Ill. 60304. 
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of analyses or to report a single type of analysis for a series of samples. As much 
information as possible is preprinted to simplify use of the form. With loose-sheet, 
multicopy forms (using carbon or NCR paper) information can be forwarded on the desired 
schedule while also allowing retention of data in the laboratory. Still, the most common 
means for recording data in rough form are internal bench sheets or bound books. The 
bench sheet or book never leaves the laboratory but serves as the source of information for 
transfer of data to appropriate report forms. (See fig. 7-1.) 

In most instances the supervisor and analyst wish to look at the data from a sampling point 
or station in relation to other sampling points or stations on a particular river or lake. This 
review of data by the supervisor prior to release is a very important part of the QC program 
of the laboratory; however, such reviews are not easily accomplished with bench sheets. For 
review purposes, a summary sheet can be prepared that displays a related group of analyses 
from a number of stations such as shown in figure 7-2. Because the form contains space for 
all of the information necessary for reporting data, the completed form can also be used to 
complete the data forms forwarded to the computer storage and retrieval system. 

The forms used to report data to storage systems provide spaces for identification of the 
sampling point, the parameter code, the type of analysis used, and the reporting 
terminology. Failure to provide the correct information can result in rejection of the data, 
or insertion of the data into incorrect parameter fields. As sample analyses are completed. 
the data values are usually reported in floating decimal form along with the code numbers 
for identifying the parameter data fields and the sampling point data fields. Figure 7-3 
shows an example of a preprinted report form used for forwarding data to keypunch. 

7.4.4 Plastic-Coated Labels and Forms 

A recent addition to good sample handling and data management is the availability of 
plastic-coated (blank or preprinted) labels, report forms. and bound report books. These 
materials are waterproof, do not disintegrate when wet or handled. can be written on while 
wet, and retain pencil or waterproof ink markings though handled when wet. 

7.4.5 Digital Readout 

Instrumental analyses, including automated. wet-chemistry instruments such as the Tech
nicon AutoAnalyzer, the atomic absorption spectrophotometer. the pH meter. and the 
selective electrode meter, provide digital readout of concentrations, which can be recorded 
directly onto report sheets without further calculation. Programmed calculators can be used 
to construct best-fit curves, to perform regression analyses, and to perform series of 
calculations leading to final reported values. 

7.4.6 Keypunch Cards and Paper Tape 

Because much of the analytical data generated in laboratories is first recorded on bench 
sheets, then transferred to data report forms, keypunched, and manipulated on small 
terminal computers (or manipulated and stored in a larger data storage system), there is a 
danger of transfer error that increases with each data copy. The analyst can reduce this error 
by recording data directly from bench sheets onto punch cards that can be retained or 
forwarded immediately to the data storage system. Small hand-operated keypunch machines 
are available. 
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Figure 7-1. Example of bench sheet. 



STATION 

Ohio at Ironton 

Ohio at Greenup Dam 

Ohio at Portsmouth 

Scioto at Lucasville 

Ohio at Maysville 

Ohio at Meldahl Dam 

Little Miami at Cincinnati 

Ohio at Cincinnati 

Licking at 121h Street 

Ohio at Miami Fort 

Ohio at Markland Dam 

Kentucky at Dam I 

Ohio at Madison 

Great Miami at FIdean 

(;real Miami at Sellars Road 

(;real Miami at Liberty-
Fairfield Road 

(;reat Miami at American 
Materials Bridg-

Whitewater at Suspension 

Great Miami at Lawrcncebuirg 
(Lost Bridge) 

MINERALS ANALYSES OF ZONE B. OHIO RIVER SAMPLES. CONC.. mg/I. 

StoretNumber Date Alkalinity Hardness Chloride Sulfate Fluoride Total 
SOLIDS 

Diss. Susp. 

200152 

200001 

200139 

3R1710 

200153 

383070 

380090 

380037 

200523 

383072 

200521 

200522 

174304 

3R3047 

383015 

3R3007 

393071 

Figure 7-2. Example of summary data sheet. 



LABORATORY BENCH DATA COMPUTERCODED DATA 
BTATION OSIONATION N I M, 1 0, STATION COOEII RIAL 0 MO A 

NOUN AMINUTE OF SAMPLE OR LAST 	 1.A 712DATE OF C06MITZ SAMPLE. 

ITEM Fecal s,,optococc, UNIT- MF 	 13 In i 
3 | a 0 0 0 0 0 0 0 PARAMITER COD1 VALUE EXPONENT ^WAS 

4 I7 I S106 1 13 11 111 1
G 7 6 1 4 3 1 1 0 1 2 4 I 6 19-23 24.27 Q Q 

ITEM Fecal Colorm UNIT I 

S I I3O0 0 0 0 0 0 0 

6 746 S -4 3 3 1 0 1 2 3 4 14 31-35 36-39 40
 

ITEM NH 3 -N + Org N UNIT mg/I
 

I~ 	 a 0 a • 0 0 0 0
ll 1 1 1 1 1 11 1 0 0161 1 1 11II~ 0
4 7 4 1 4 3 3 1 0 1 2 1 4 S 6 43.47 41.51 52 53 54 

ITIM NH 3 N UNIT mr/l 

SI 1 0 0 0 0 0 0 0 0 

3 1740430 3 3IW)4 5 6 55.59 60-63 El3 


ITEM N0 2 -N + 	N0 -N UNIT ml COLUM. O (BLANK, 

I I 13 3 0 0 0 0 0 0 a0 

I T To0 a04l4 1 2 $ 4 67-71 72-75 76 77 74 714 

IT P. Toal UNIT m.._ NEXT CARO REPEAT COLUMNs1 00 A0V1 

I I 0 0 0 0 0 0 0 0

SI 	 10 16
I I i I I I I I I I I I I ]I UI I6 
4 74 s , 3 2 3 024 3 4 1 	 .297 30

UNIT mg/I
 
ITEM 
 P. Soluble 

I I I I I I 1 0 0 0 0 0 0 a 0 

Jill
8474# 45 3 3 1 I10~1I ~ E 
8 T • S 4 ) __ 0 I 2 __4 S 4 31-35 36.39 40 41 42 

ITEM TOC UNIT g 

I I 3 3 I 	 I I 0 0 0 0 0 0 0 0
 

a 7 4 0 4 S3 I 0 132 3 4 14 426 4 005 D253 
2 53 5 

Al 14-7851 
ITEM PhenolUNT 
3 ! 3 3 I 3 I 0 0 0 01 01 0 aI 0- 	 -1 - '1 

4 74 4 2I a 0 3 2 3 4 5 6 55-59 6043 64 45 60 

COLUMN " ITEM Cyanide 	 UNIT niI 

I 1 0 0 	 00 0 O 0
3 3 I 

2 1 0 1 .1 3 4 l 667-71 	 72-751:1 

Figure 7-3. Example of STORET report form. 

7.4.7 STO RET-Computerized Storage and Retrieval of Water Quality Data 

Because of their ability to record, store, retrieve, and manipulate huge amounts of data, the 
use of computers is a natural outgrowth of demands for meaningful interpretation of the 
great masses of data generated in almost nll technical activities. 

In August 1961, numerous ideas were brought together concerning the basic design of a 
system called STORET for storage and retrieval of water pollution control data. A 
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refinement of this system is now operated by the Technical Data and Information Branch, 
Division of Applied Technology, Office of Water Programs, EPA. 

This is .- State/Federal cooperative activity that provides State water pollution control 
agencies with direct, rapid access into a central computer system for the storage, retrieval, 
and analysis of water quality-control information. 

If properly stored, the data can be retrieved according to such descriptors as the point of 
sampling, the date, and the specific parameters stored, or all data at a sample point or series 
of points can be extracted as a unit. 

Full details on use of the STORET system are given in the recently revised STORET 
handbook (4). 

7.4.8 Automated Laboratory Systems 

The use of digital readout, keypunch cards, and paper tape have been overshadowed by the 

development of customized, fully automated online computer systems that make measure

ments, calculate results, perform quality control, and report analytical data simultaneously 

from a full range of laboratory instruments. (See fig. 7-4.) Such systems can contain the 

following functions: 

a. 	 Manual or automatic sampling and testing of a series of samples, standards, 
replicates, and check samples 

b. 	 Detection of the measurement signals from the series of samples 

c. 	 Conversion of signals to concentrations, generation of a standard curve, and 
calculation of sample values in final units 

d. 	 Calculation of the deviation and recovery values of the results and indication of 
acceptance or nonacceptance based on limits established by the analyst 

e. 	 Provision of the output in a form designated by the analyst: dial, paper recording 

chart, digital readout, cathode ray tube, or printed report form 

The 	degree of hands-on operation required in the system is specified by the analyst. 

If an automated system is properly designed and operated, most calculation and transposi
tion errors are avoided and the proper level of quality control is automatically exerted. 
Laboratory automation systems for water analyses are being developed and coordinated by 
EMSL-Cincinnati for use in a number of EPA laboratories (5). 

7.5 	 Referonces 

1. 	"Guide for Measure of Precision and Accuracy," Anal. Chem. 33, 480 (1961). 
2. 	 "Glossary of Generai Terms Used in Quality Control," Quality Progress, Standard Group 

of the Standards Committee, American Society for Quality Control, 11(7). 21-2 (1969). 
3. 	 Youden, W. J., Statistical Techniques for Collaborative Tests, Association of Official 

Analytical Chemists, Washington, D.C. (1967). 
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O PERATORI. 
INPUTS " 

MEASURE TIMING, 
BASELINE, AND 
CALIBRATION STANDARDS 

= MEASURE SAMPLES, 

CHECK STANDARDS, 
REPLICATES, SPIKES, 
AND BLANKS 

COMPUTE AND DISPLAY 

INTERIM RESUe.ors AND
STATISTICS 

IN 
CONTROL 

7 

YES 

ALERT 
OPERATOR 
TO 
ACTION 

NO ALL 
SAMPLES 

YES 

OPERATOR 

Figure 7-4. Flow chart of the sequence of events 
during a controlled series of laboratory 
measurements. 
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Office of Water and Hazardous Materials, Washington, D.C. (1977). 

5. 	Budde, W. L., Almich, B. P., and Teuschier, J. M., The Status of the EPA Laboratory 
Automation Project, EPA-600/4-77-025, U.S. EPA, Office of Research and Develop
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Chapter 8
 

SPECIAL REQUIREMENTS FOR TRACE ORGANIC ANALYSIS
 

8.1 Introduction 

The high sensitivity of the instrumentation used in trace organic chemical analysis and the 
low concentration of organic compounds being investigated dictate that special attention 
must be given to this analytical field. Contamination of the sample from any possible source 
nust be diligently guarded against, and interferences in the sample must be carefully 
controlled. Strict attention to method and highly refined technique are required to produce 
valid quantitative and qualitative results. 

Two manuals have been developed by the Environmental Monitoring and Support Labora
tory (EMSL) in Cincinnati covering the two broad areas of quantitative and qualitative trace 
organic analysis. Reference I contains both general and specific quality assurance programs 
designed to insure the production of acceptable measurements when using the methods 
contained in that manual. Reference 2 contains specific, detailed quality assurance programs 
covering both the performance of the instrument and the interpretation of the resulting 
spectra. 

This chapter is organized with three sections devoted to general material applicable to all 
organic analysis, and one section abstracting highly specialized materials from each of the 
two manuals cited. 

8.2 Sampling and Sample Handling 

Regardless of the intent, all numbers generated by a water quality laboratory are ultimately 
represented as the concentration levels in the sample matrix at the time of collection. Such 
numbers tend, automatically, to endorse the sample collection, preservation, and shipment 
procedures. Thus, quality assurance programs limited to the care of the sample beginning 
with its receipt by the laboratory are inadequate. The laboratory must share responsibility 
for the preservation and shipment of all samples that it will accredit with concentration 
values. Two approaches are available that will generally protect the laboratory from 
generating numbers that may not reflect actual conditiops of the sample at the time of 
collection. The best, but usually least practical solution, is for the laboratory personnel to 
collect all samples. The alternative is for the laboratory to adopt a policy of sample rejection 
based on minimum standards of sample identification and age. Guidelines for establishing 
these standards are discussed in this section. It is recommended that copies of this material 
be supplied to all sample collectors along with an understanding of the specific policy of the 
laboratory toward rejecting samples that do not meet these criteria. 

In all of the cases to be discussed, it is the responsibility of the project director to (a) 
coordinate his sampling, preservation, and shipment with the laboratory, (b) obtain clean 
sample containers from the laboratory, (c) provide adequate sample identification and 
compositing instructions, and (d) provide duplicates and blanks as required by the 
laboratory. Additional prearrangements should be made with the laboratory if sample 
splitting is desired, to create separate supernatan, and settleable matter samples. or if 
calculations on a wet-weight basis in addition to the standard dry-weight calculations are 
desired. 
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Bottles and caps are to be supplied by the laboratory because rigorous cleaning is required 
even for new bottles. New and recycled bottles should be washed as described in reference 
I. Samples received in bottles of unknown origin or questionable cleanliness should be 
rejected by the laboratory. For water samples that are to be analyzed by solvent extraction 
methods, narrow-mouthed, screw-cap bottles such as Boston rounds are preferred because 
they have less tendency to leak and are easy to handle in the laboratory. One-liter bottles 
are generally more expensive than quart bottles, thus most laboratories use the clear 32-oz 
containers. The bottle should be sealed with Teflon (du Pont) lined caps. For water samples 
of intermediate pH, aluminum-foil-lined caps may be used when Teflon (du Pont) is not 
available. Oil and grease samples can be collected with Polyseal caps-the conical liner pro
vides an excellent seal against pressure during shipment and sample extraction. Screw-cap,
widemouthed glass bottles are preferred for sediment samples because they are easier to 
handle in the field and in the laboratory. Precleaned, 16- or 32-oz bottles with Teflon (du 
Pont) or foil-lined screw-cap closures should be provided by the laboratory. Masking tape or 
other suitable labels should be applied to the dry bottles. 

Sampling for purgeable organics requires special consideration and equipment. The sample 
container should consist of a 45-ml, screw-cap vial fitted with a Teflon (du Pont) faced, sili
cone septum.* The vials, septa, and caps should be washed in hot detergent water and thor
oughly rinsed with tapwater and organic-free water, then dried at 105'C for I h. The vials 
should then be cooled to room temperature in a contaminant-free area. When cool, the vials 
should be sealed with the septa, Teflon (du Pont) side down, and screw cap and maintained 
in this sealed condition until filled with sample. 

The bottles used for collecting water samples for solvent extraction should not be overfilled 
or prerinsed with sample before filling because oil and other material that can cause 
erroneously high results may remain in the sample bottle after rinsing. Bottles should be 
filled with sample to about 90 percent of capacity, and the level should be marked to 
determine if leakage occurs.- Because full sample bottles are difficult to pour from during
extractions, complete filling should be avoided. In the collection of sediment saazples,
nonrepresentative debris such as large stones or wood should be discarded. 

Multiple samples are usually required for purgeable organics analysis because of ieakage and 
because the measurement process is destructive to the sample. All vials should be identified 
with waterproof labels. The water sample vials are filled to overflowing from a bubble-free 
source so that a convex meniscus is formed at the top. They are sealed by carefully placing
the septum, Teflon (du Pont) side down on the opening of the vial and screwing the cap
firmly in place. 

Shipment and receipt of samples must be coordinated with the laboratory to minimize time 
in transit because it is the prerogative of the laboratory to reject samples where delays in 
shipment have caused them to age beyond acceptable holding times. To avoid the need to 
resample, the sampler should determine in advance the most efficient and reliable form of 
transportation for the samples. All samples for organic analysis should arrive at the 
laboratory on thc same day collected, or should be shipped and maintained at less than 4°C 
for arrival by the next day. The samples are usually shipped in insulated ice chests ,rater 
samples should be prechilled before packing to reduce the ice requirements during shipment. 

*Vial and sepun are available from Pierce Chemical Co.. P.O. Box I17, Rockford, Ill. 
61105. Vial: Nu. 13074; septum: No. 12722. 
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The bottles should be stabilized in the container with styrofoam and covered with ice. The 
information needed to identify the samples should be attached to the outside of the ice 
chest. 

A part of the quality assurance program for a laboratory must be the development of a clear 
policy for accepting or rejecting samples. Because organic analyses are expensive in terms of 
manpower and supplies, it is poor management to commit such resources just to obtain data 
of questionable validity. Water samples that clearly have not met the preservation criteria 
during shipment (e.g., in the case of a spill) should be accepted only if resampling is 
impossible. Results from such samples must be qualified in the laboratory report. 

Upon receipt, the samples should be checked for adequate identification, sample tempera
ture or presence of ice in the chest, and leakage. Samples for volatile organics should be 
checked for air bubbles, although it is extremely difficult to avoid the development of very 
small bubbles regardless of the type of sample bottle employed. The samples are logged in 
with the receipt time noted. Unless the condition of the samples fails to meet the criteria for 
acceptance by the laboratory, required preservatives are added immediately and the samples 
are all refrigerated. 

The laboratory staff should be alerted to the arrival of the samples, so that the required 
analysis can begin as soon as possible. When sediment samples are to be reported on a 
wet-weight basis, or when a water sample is to be filtered or divided into supernatant and 
settleable subsamples for separate analysis, the sample processing should begin promptly. 

When analysis of water samples is to be restricted to the water phase only, filtration is 
required. This may be accomplished with 4.7-cm, glass-fiber filter disks that have been 
preextracted with acetone and allowed to dry. The filter disks must not contain organic 
binder. The disks are placed on a membrane filter holder and up to a liter of water is 
filtered. The filtrate is transferred without rinsing to a clean sample container and treated as 
a normal, whole-water sample. 

When separate reporting is required for the settleable and supernatant phases, the water 
sample (or a large portion of it) is allowed to settle overnight in a closed glass container at 
4°C. If phase separation occurs, the supernatant phase is carefully decanted or siphoned into 
a graduated cylinder without disturbing the surface of the settled material. After the volume 
of supernatant is noted, the supernatant is filtered as just described into a clean glass 
container and stored at 4°C. The volume of settled material is determined either by marking 
the slurry level on the side of the sample container for later •.,dibration, or by transferring 
the slurry without washing into a calibrated vessel. A portion of well-mixed slurry is 
removed for a determination of percent solids. The remaining slurry is stored in a sealed 
glass container at 4'C. 

When both dry-weight and wet-weight results are required for sediments and sludges. a 
percent-solids determination should be performed soon after receipt of the sample. A 
representative portion (ideally 10 to 25 g) of well-mixed sample is weighed into a tared 
Erlenmeyer flask and dried at 105'C to a constant weig:.. Then percent solids are 
calculated for the sample. 

Routine laboratory management involves detailed recordkeeping beginning with the initial 
contact with the sample collector. A master flowsheet should be prepared for each sample, 
listing parameters to be determined and pretreatment operations to be performed. The 
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master flowsheet is kept at a fixed location and is designed to handle dated entries 
indicating when operations are completed. Methods requiring extraction permit double 
entry on the master flowsheet so laboratory throughput times can be calculated in terms of 
receipt-to-extraction and receipt-to-completion times. A separate set of forms follows the 
sample through the laboratory. Each sample form records information for a class of 
parameters and details cleanup operations and other method options. Calculations and cross 
references to chromatograph files are entered on the sample form also. 

A chain-of-custody program lends significant legal support to the results generated. The 
program begins when the laboratory dispatches the sample collectors. Each time a sample is 
collected, a form is initiated stating where and when the sample was collected, with cross 
reference to a number on the sample container. The sample collectors return to the 
laboratory with the samples in their guarded possession and deliver them personally to the 
responsible person in the laboratory. The person (custodian) receiving the samples in turn 
signs each ledger to acknowledge receipt and locks the sample in a refrigerator. The analyst 
then comes to the custodian and signs for the sample that he is taking for analysis. In this 
way full documentation of the sample handling is maintained from sample collection 
through completion of the analysis. 

8.3 Extract Handling 

Each method in reference I is prepared in sections identified by titles. This style of 
presentation is aimed at presenting the analyst logical places to interrupt his analysis. Often, 
because of the length of the method, the analyst is unable to complete an analysis in a single 
day. When planning a partial analysis, certain factors must be considered. Because the 
organics are generally more stable in solvent than in water, it is always preferable to extract 
a sample and hold the extract rather than to hold the sample. Extracts to be held overnight 
or longer should first be dried by treatment with sodium sulfate. 

,11
 

The methods include several transfers of the solvent extract from one piece of glassware to 
another. These quantitative transfers are made using several small portions of solvent to 
wash the walls of the previous container. A 5-ml. luer-lock glass syringe with a 2-in., 20-gage 
needle is convenient for this purpose. Solvents tend to creep up the outside of a container 
such as an ampoule, while pouring. To minimize contamination during transfer, solvent ex
tracts are poured as rapidly as possible. Extracts can become contaminated not only from 
oils from the skin of the handler but also from other extracts handled at the same time 
where deposits on the outside of the container are unintentionally transferred from one con
tainer to aii6ther. Instead of using labels, contamination problems from this source can be 
reduced by etching permanent numbers on ampoules. Sample log sheets should be used to 
index the extract with a numbered ampoule. eliminating the need for tape or wax pencils. 

Of the several ways to dry a solvent extract with sodium sulfate, passing it through a 
chromatographic column packed with 2 to 3 in. of anhydrous crystals is the most 
convenient and quantitative. When a wet extract is being transferred from a separatory 
funnel to a;Kuderna-Danish (K-D) concentrator, it should be drained directly through the 
column to eliminate the need for an intermediate piece of glassware and the resulting 
trinsfer step. Prewashing the sodium sulfate column with extracting solvent is recom
mended, although interferences can be controlled by preheating the salt in a shallow tray at 
400°C for 30 min. After the extract has passed through the column, 20 to 30 ml of 
extracting solvent are used to wash the residual extract from the column. 
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The standard K-D concentration apparatus consists of a three-ball Snyder column, a 500-ml 
flask, and a calibrated ampoule. It is designed to concentrate 100- to 300-ml volumes of 
extract to a final volume of 5 to 10 ml. To use the apparatus, one 10/20 mesh boiling chip 
(previously rinsed with solvent and heated for 1/2 h) is added, and the assembly is supported
above a concentric-ring water bath with the tip of the ampoule below the surface of the 
water. The lower ground-glass joint must be kept above the water. The water temperature 
should be adjusted for mild distillation, with no chamber flooding or splashing (about 10°C 
to 20'C above the boiling point of the solvent). When the volume of liquid reaches I to 2 ml 
(checked frequently), the assembly should be removed and allowed to cool. The chambers 
and flask will drain to a final volume near 10 ml. The flask and the lower ground-glass joint 
are rinsed with a minimum of solvent. The evaporation can be continued with the 
microscale K-D concentrator if further concentration is required. 

The microscale K-D concentrator is designed to concentrate extracts from 5 to 10 ml to 1.0 
ml. A fresh boiling chip must be added, and a two-ball micro-Snyder column isattached to 
the ampoule. The ampoule is supported above the water bath, and the extract is 
concentrated to about 0.7 ml. The column and ground-glass joint are rinsed with a minimum 
of solvent, and the volume is adjusted to 1.0 ml. 

The K-D concentrator can be used to exchange solvents. When the sample is dissolved in a 
solvent unsuitable for a cleanup operation or for gas chromatography (GC), it can be 
displaced by a suitable higher boiling solvent. The actual volumes that should be used to 
effect the exchange vary with the solvent pairs depending upon the difference in boiling 
points and azeotrope formations, but a general procedure is to concentrate the extract to 10 
ml, add 20 ml of the higher boiling solvent, and reconcentrate to 10 ml. 

After extractions and subsequent K-D concentrations, solubilities of some materials may be 
exceeded. High sulfur levels are a particular problem encountered in sediment extractions. 
Extracts should be decanted from ampoules where sulfur has crystallized. In some samples 
the extractable organic levels are so high the extract tends to solidify and will not 
concentrate further. When this occurs, a small aliquot of the extract should be taken and 
diluted as appropriate for final analysis. 

A significant source of the variation in GC analysis can be attributed to the injection of a 
portion of the extract into the analytical system. Manual injections of 2 to 3 p1 with the use 
of a 10-ul syringe will introduce variance even when the injection volumes are determined to 
the nearest 0.05 pl. Of a variety of injection techniques in use, the solvent flush technique 
has been found to be acceptable for quantitative work. This technique is described in detail 
in reference I. 

8.4 Supplies and Reagents 

Reference compounds of materials should be assayed and of 98 percent purity or higher. If 
the purity is less than 98 percent, the appropriate correction factor must be included in all 
calculations of standard concentration. The reference materials should be cataloged, dated, 
and stored in a refrigerator. 

Stock solutions of these reference materials should be prepared in a high-boiling, inert 
solvent, if possible, to minimize errors due to evaporation or solvent-induced decomposi

8-5
 



tion. The laboratory should have an accurate six-place balance for preparing small quantities 
of reference standards. The following method of preparing stock solutions is recommended: 
Weigh 10 mg (to the nearest 0.01 mg) of reference stairJard into a small aluminum weighing 
pan.* Drop the entire pan into a 10-ml volumetric flask. Dissolve the reference material in 
about 5 ml of solvent, then dilute to volume. Label the solution with compound name, 
concentration, solvent used, date prepared, and initials of preparer. Store the volumetric in a 
refrigerator, except when preparing dilutions. When the standard is a replacement for an 
existing stock solution, the two solutions should be compared, and the results as well as the 
suspected reason for any variation should be permanently recorded in the laboratory files. 

Working standards are prepared from one or more stock solutions after they have warmed to 
room temperature. As these working standards usually represent three to six orders of 
magnitude of dilution of the stock standards, it is obviously necessary to take great care in 
preparing them. Serial dilutions are recommended with a maximum of 1:100 dilution for 
each step. Although 10-pl vnlumes can be read within 1 percent with a 10-1A1 syringe, the 
inherent problems with the dead volume in the syringe make the use of such equipment less 
desirable for preparing working standards than volumetric pipets. New working standards 
should be prepared frequently unless long-term stability has been demonstrated. When 
several compounds are combined into a single standard for simultaneous GC, they must be 
closely monitored for chemical interactions. 

Pesticide-quality solvents are usually required, and each new lot should be checked for 
interferences prior to use. The solvent check, representing approximately 10 percent more 
solvent than required for any method, should be concentrated and analyzed for method 
interferences under all GC conditions applicable to that solvent. If interfering peaks or a 
broad solvent front are observed, the solvent should be redistilled in an all-glass distillation 
system, with a distillation column.** If interferences persist, the solvent lot should be 
discarded. This preliminary lot check does not eliminate the need for routine solvent blanks 
to monitor for purity changes over a period of time. 

Diethyl ether must be shown to be free of peroxides before use. Peroxide test stripst can be 
used for a quick, convenient test. The alwnina column procedure for removing peroxides. 
described in literature supplied witY, the test strips, has been used successfully to remove all 
peroxides from the solvent. The solvent should always be stabilized with 2 percent 
volume/volume ethyl alcohol. Chromatogiaphic elution patterns are based on ether 
containing this alcohol. 

Granular sodium sulfate should be purchased in glass containers. If purchased in a large 
container (5-lb bottles or larger), it should be transferred to smaller bottles for daily use. 
Before sodium sulfate is used for chromatographic work, it should be heated to 400'C for 
30 min and shown not to be contaminated. When the sodium sulfate is used to dry extracts 
before concentration, the heating is usually unnecessary because impurities will be removed 
by preelution of the drying column with solvent. 

*Available from The Perkin-Elmer Corp., Norwalk. Conn.: No. 219-0041. 
**Available from Lab Glass, Inc., North West Blvd., Vineland, N.J. 08360: Widner No. 

LG-5930. 
tAvailable from Scientific Products, 1430 Waukegan Rd., McGaw Park. Ill. 60085: Quant 

peroxide test strip, No. P1126-8. 
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Florisil (Floridin Co.) is purchased from the manufacturer preactivated at 6300 C and trans
ferred to glass containers with Teflon (du Pont) or foil-lined lids. Prior to use the Florisil 
(Floridin Co.) is heated in a shallow open dish for 5 h in a 130 'C oven. The Florisil (Floridin 
Co.) can then be transferred into a sealed, glass bottle and stored indefinitely at 130'C until 
needed. Cleanup methods using Florisil (Floridin Co.) require that a lauric acid value be 
determined for each lot before use. In addition, the determination of a pesticide elution pa,
tern is recommended. These procedures are described in detail in reference I. 

Carrier gases are a very important part of the chromatographic system; therefore, special 
care should be taken in their selection and handling. Only high-purity or equivalent carrier 
gases should be purchased, and they should be filtered, online, through a 5-A molecular 
sieve. Porous polymer and other column packings degrade at elevated temperatures in the 
presence of trace quantities of oxygen. Oxygen in the carrier gas also adversely affects the 
performance of electron-capture detectors. Therefore, some type of online oxygen-removal 
system is recommended for these applications. The chemical traps should be changed or 
regenerated with each new cylinder of carrier gas. One purifier* has been found to last 
through many cylirJers without replacement. A better grade of gas is required for 
temperature pougraming than for isothermal operation. Combu.,tion gases may be of lower 
quality but .,iould be at least equivalent to dry air or purified hydrogen. Regulators should 
have stainless steel internal parts and be of two-stage design. External tubing should be of 
good quality, such as refrigeration tubing. Such tubing should be rinsed with solvent and 
heated at 200'C under gas flow before use in the analytical system. 

The purchase of precoated GC column packings is strongly recommended over the 
preparation of coated materials in the laboratory. The commercial products are, generally, 
of higher quality and consistency than those prepared by the average analyst. All tubing 
should be cleaned before packing by passing a series of solvents (e.g., hexane, chloroform, 
and acetone) through it. Glass columns should also be silylated. (Instructions are included 
with the purchase of silylating agents.) Dry the tubing thoroughly before packing it. 

A vibrator should never be used to settle the packing material in the column. Such vibration 
may fracture the solid support material, expose uncoated active sites, and produce inferior 
chromatographic separations. When vacuum alone is inadequate and further settling is 
required, the column may be tapped with a pencil or similar object while the vacuum is 
being applied. Unless otherwise stated, stainless-steel tubing should be packed before coiling 
it to fit the GC apparatus. 

8.5 Quality A.surance 

8.5.1 Measurements 

Most of the quality assurance programs suggested in chapter 6 of this manual cannot easily 
be adapted to the methods for organic compounds. The reasons for this, and the suggested 
approach for a suitable program for the organic analytical laboratory are discussed in detail 
in reference I and only summarized here. 

Reference I suggests that quality assurance for organic analysis be divided into three 
separate categories. The first category represents the determination of purgeable com

*Available from Matheson Gas Products, P.O. Box E, Lyndhurst, N.J. 07071: Hydrox 

Purifier model No. 8301. 
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pounds. This determination is performed in a closed analytical system; the complete analysis 
can be performed in I h; and the number of theoretically possible interferences is somewhat 
limited. The second category represents liquid/liquid partition methods in a regulatory 
situation. Here a very limited number of compounds are being measured; there is a high 
occurrence of positive results; and it is important to establish that the method works 
satisfactorily on the particular sample matrix. The third category represents liquid/liquid 
partition methods in a monitoring situation. Here a large number of compounds are often 
being measured simultaneously; there is a low occurrence of positive results; and each 
sample matrix may be different. Quality assurance is aimed at establishing that the 
laboratory i- -sing the method correctly. 

The purgeable methods are unique among organic methods because the standards are treated 
in exactly the same way as the samples, and there is no inherent method bias. The methods 
are amenable to a variety of quality assurance programs. The approach that has been found 
applicable to all types of samples and provides the maximum data for the expended effort 
consists of the addition of one or more internal standards to the matrix before purging. Data 
generated in this program provide a continuous monitoring of the equipment and establishes 
matrix applicability for the test. 

For liquid/liquid extraction methods in a regulatory situation, the emphasis is placed on 
duplicates and dosed samples. Both field duplicates and laboratory duplicates are used in the 
program to establish sampling and subsampling validity. The dosing of samples to establish 
method accuracy for the matrix is an integral part of this program. Where the analytical 
program will extend over a long period of time the construction of control charts is 
recommended. 

When the liquid/liquid extraction methods are used for monitoring, the emphasis is placed 
on an external control series. A standard laboratory matrix is developed. With each series of 
samples the matrix is dosed and analyzed with the samples. Data generated over a period of 
time can be used to monitor the performance of the equipment and the analyst, with 
relatively tight specifications to define problems that arise. Control charts can be con
structed to alert the analyst to problems, but there is no provision for rejection of results for 
samples of this type. 

8.5.2 Identifications 

The combined gas chromatography/mass spectrometer (GC/MS) has emerged as the most 
important single instrument at the disposal of the environmental analytical chemist. It alone 
can provide both the sensitivity and the high degree of certainty necessary for an 
identification culled from a complex environmental matrix. The instrument has generated 
an aura of well-deserved respect, and its results are seldom questioned. For these reasons it is 
mandatory that strict quality assurance programs be followed in both the generation and the 
interpretation of mass spectra. The EMSL, with the cooperation of many other EPA GC/MS 
users, has produced a procedural manual (2) generally for use with a Finnigan quadrupole 
instrument. A detailed quality assurance program constitutes an integral part of the manual. 
The actual detailed program is beyond the scope of this manual but has been summarized in 
the following paragraphs. 

To insure that a quadrupole mass spectrometer generates quality spectra. the program 
provides for at least daily performance evaluation with a reference compound, and 
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readjustment of the instrument as necessary. The operator prepares a solution of decafluoro
triphenyiphosphine (DFTPP).* When this compound is injected into the GC/MS using any 
of several compatible GC columns, the resulting elaborate spectrum can be evaluated using 
criteria developed at EMSL-Cincinnati (3). 

Decafluorotriphenylphosphine kty ions and the ion-abundance criteria that are used for 
determining whether the mass spectrometer is generating high-quality spectra are as follows: 

Abundance Criteria 

Mass (anu) Ion Abundance Criteria 

51 30 to 60 percent of mass 198 

68 Less than 2 percent of mass 69 

70 Less than 2 percent of mass 69 

127 40 to 60 percent of mass 198 

197 Less than I percent of mass 198 

198 Base peak, 100 percent relative abundance 

199 5 to 9 percent of mass 198 

275 10 to 30 percent of mass 198 

365 1 percent (or greater) of mass 198 

441 Less than mass 443 

442 Greater than 40 percent of mass 198 

443 17 to 23 percent of mass 442 

If these specifications are not met, the guidelines provided for adjusting the instrument (2.3) 
must be considered. 

Having produced quality spectra. the analyst must always ascertain, by analyzing a method 
blank under exactly the same analytical and instrumental conditions. that the spectra are 
relevant. Most commercial systems have a software program, extracted ion current profile 
(EICP), that permits the sample and the blank to be overlayed on a graphic display device 
when each is scanned for a particular mass. When large numbers of spectra result from a 
sample and the blank must be checked for a match for each one. this technique simplifies 
the screening process. 

If the spectra are found to be unique to the sariple. it is normally processed through a 
mass-spectral search-and-match system. The computerized version of such a system consists 

*Available from PCR Research Chemicals. Inc., P.O. Box 1778, Gainsville, Fla. 32602: No. 
11898-4. 
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of an organized collection of many thousands of compound spectra stored in a large central 
computer accessed by the analyst through telephone linkups. On the basis of 8 or 10 major 
masses the computer can rapidly search the complete system for similar spectra. These 
spectra are ranked for 'similarity to the unknown using a mathematical algorithm. The 
resulting similarity index (SI), which can be further refined to a quality index (2), is a 
measure of the degree of confidence the analyst may place in the identification. If a match 
is not found, the analyst must revert to manual interpretation of the spectra and deduce the 
structure of the compound by its fragmentation patterns. 

After a tentative identification is made, several other types of supporting experiments 
become possible. Retention-time GC/MS data of a pure compound (standard) may be 
compared with analogous data from the sample component. Similarly, the mass spectrum of 
the standard, obtained under the same conditions that were used for the sample, may be 
compared with the sample component spectrum. The standard may be dissolved in water at 
an appropriate concentration, isolated, and measured. The recovery of this spike in the same 
fraction in which the suspected component appeared and the observation of equivalent mass 
spectra for the spike and the sample component constitute strong evidence for confirmation 
of the identification. 

8.6 References 

1. 	Methods for Organic Analysis of Water and Wastes, U.S. EPA, EMSL, Environmental 
Research Center, Cincinnati (in preparation). 

2. 	 EPA GC/MS Procedural Manual, Budde, W. L., and Eichelberger, J. W., editors, 1st 
Edition, Vol. 1, U.S. EPA, Office of Research and Development, EMSL, Cincinnati (in 
press). 

3. 	 Eichelberger, J. W., Harris, L. E., and Budde, W. L., Anal. Chem., 47, 995 (1975). 

8-10
 



Chapter 9 

SKILLS AND TRAINING 

9.1 General 

Analytical operations in the laboratory can be graded according to the degree of 
complexity. Some analyses require no sample treatment, and the measurement can be 
performed in minutes on a simple instrument. Other determinations require extensive 
sample preparation prior to complex instrumental examination. Consequently, work 
assignments in the laboratory should be clearly defined. Each analyst should be completely 
trained and should fully understand all the assignments of his job before being given new 
responsibilities. In this regard, all analysts, subprofessional or professional, should be 
thoroughly instructed in basic laboratory operations, according to the degree of professional
maturity. Some of the basic operations that should be reviewed periodically with laboratory 
personnel follow. 

9.1.1 Sample Logging 

Routine procedure for recording of samples entering the laboratory and assigning primary
responsibility should be emphasized. The information that is required and the routing of the 
sample to the analyst is then established. The stability, preservation, and storage of samples
prior to analyses are then discussed. 

9.1.2 Sample Handling 

The analyst should understand thoroughly at which points in his procedures the sample is to 
be settled, agitated, pipetted, etc., before he removes it from the original container. 

9.1.3 Measuring 

The analysts, especially new employees and subprofessionals, should be instructed in the use 
of volumetric glassware. The correct use of pipettes and graduates should be emphasized as 
discussed in chapter 4 of this manual. 

9.1.4 Weighing 

Because almost every measuring operation in the analytical laboratory is ultimately related 
to a weighing operation, the proper use of the analytical balance should be strongly
emphasized. Maintenance of the balance, including periodic standardization, should be 
repeatedly emphasized to all personnel. The correct use and maintenance of balances is 
discussed in chapter 3 of this manual. 

9.1.5 Glassware 

All glassware should be washed and rinsed according to the requirements of the analysis to 
be performed. Not only must the personnel assigned to these tasks be instructed, but also all 
lab personnel should know the routine for washing and special requirements for particular 
uses of glassware. In addition, the precision tools of the laboratory such as pipets, burets, 
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graduates, and Nessler tubes should be inspected before use for cleanliness, broken delivery 

tips, and clarity of marking. Defective glassware should be discarded or segregated. 

9.1.6 Instrumentation 

Operation and maintenance of analytical instrumentotion is of primary consideration in the 
production of valid data. All instruments must be properly calibrated, quality-control 
checks documented, and standard curves verified on a routine basis. Details on instrumental 
quality control are presented in chapter 3 of this manual. 

9.1.7 Data Handling and Reporting 

As with sample logging, the routine procedure for recording results of analyses and pertinent 
observations, including quality control checks, should be emphasized. Analytical data 
should be permanently recorded in meaningful, exact terms and reported in a form that 
permits future interpretation and unlimited use. Details are discussed in chapter 7 of this 
manual. 

9.1.8 Quality Control 

The need to continuously assess precision and recovery values of methodology is a prime 
responsibility of the analyst. Self-evaluation through the analyses of replicates and recovery 
of spikes from samples representative of the daily workload provides confidence and 
documentation of the quality of the reported data. 

9.1.9 Safety 

Laboratory safety should be discussed on a continuing basis with all employees, but it 
should be emphasized when an employee is assigned to perform new duties. 

9.1,10 Improvement 

In summary, quality control begins with basic laboratory techniques. Individual operator 
error and laboratory error can be minimized if approved techniques are consistently 
practiced. To insure the continued use of good technique, laboratory supervisors should 
periodically review the basic techniques and point out areas of needed improvement with 
each analyst. 

Continuing improvement of technical competence by all laboratory personnel is, of course, 
the final responsibility cf the laboratory supervisor. In a well-organized laboratory, however, 
a big-brother attitude of higher ranking to lower grade personnel should be encouraged: each 
person should be eager to share experience, tricks of the trade, special skills, and special 
knowledge with subordinates. Obviously, efficiency and results will improve. 

9.2 Skills 

The cost of data production in the analytical laboratory is based largely upon two factors: 
the pay scale of the analyst, and the number of data units produced per unit of time. 
However, because of the large variety of factors involved, estimates of the number of 
measurements that can be made per unit of time are difficult. If the analyst is pushed to 
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Table 9-1
 
SKILL-TIME RATING OF STANDARD ANALYTICAL OPERATIONS
 

Measurement 

Simple Instrumental: 
pH 
Conductivity 
Turbidity 
Color 
Dissolved Oxygen (Probe) 
Fluoride (Probe) 

Simple Volumetric: 
Alkalinity (Potentiometric) 
Acidity (Potentiometric) 
Chloride 
Hardness 
Dissolved Oxygen (Winkler) 

Simple Gravimetric: 
Solids, Suspended 
Solids, Dissolved 
Solids, Total 
Solids, Volatile 

Simple Colorimetric: 
Nitrite N (Manual) 
Nitrate N (Manual) 
Sulfate (Turbidimetric) 
Silica 
Arsenic 

Complex, Volumetric, or Colorimetric: 
BOD 
COD 
TKN 
Ammonia 
Phosphorus, Total 
Phenol (Distillation Included) 
Oil and Grease 
Fluoride (Distillation Included) 
Cyanide 

Special Instrumental: 
TOC 
Metals (by AA), No Preliminary Treatment 
Metals (by AA), With Preliminary Treatment 
Organics (by GC), Pesticides, Without Cleanup 
Organics (by GC), Pesticides, With Cleanup 

1Skill-requirmd rating numbers are defined as follows: 

Skill Required
(Rating No.)' 

1 
1 
1 
1 
1,2 
1,2 

1 
1 
1 
1 
1,2 

1,2 
1,2 
1,2 
1,2 

2 
2 
2 
2 
2,3 

2,3 
2,3 
2,3 
2,3 
2,3 
2,3 
2,3 
2,3 
2,3 

2,3 
2,3 
2,3 
3,4 
3,4 

Number
 
Per Day
 

100-125
 
100-125
 

75-100 
60-75 

100-125 
100-125 

50-75 
50-75 

100-125 
100-125 
75-100 

20-25 
20-25 
25-30 
25-30 

75-100 
40-50 
70-80 
70-80 
20-30 

215-20 
25-30 
25-30 
25-30 
50-60 
20-30 
15-20 
25-30 

8-10 

75-100 
150 

60-80 
3-5 
2-4 

I-aide who is a semiskilled subprofessional with minimum background or 
training, comparable to GS-3 through GS-5. (Continued) 
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produce data at a rate beyond his capabilities, unreliable results may be produced. On the 
other hand, the analyst should be under some compulsion to produce a minimum number of 
measurements per unit of time, lest the cost of data production become prohibitive. In table 
9-1, estimates are given for the number of determinations that an analyst should be 
expected to perform on a routine basis. The degree of skill required for reliable performance 
is also indicated. 

The time limits presented in the table are based on use of approved methodology. A tacit 
assumption has been made that multiple analytical units are available for measurements re
quiring special equipment, as for cyanides, phenols, ammonia, nitrogen, and COD. For some 
of the simpie instrumenial or simple volumetric measurements, it is assumed that other 
operations such as filtration, dilution, or duplicate readings are required; in such cases the 
number of measurements performed per day may appear to be fewer than one would nor
mally anticipate. 

9.3 Training 

For more experienced, higher grade personnel, formal training in special fields, possibly 
leading to specialization, should be almost mandatory. Such training can be fostered 
through local institutions and through the training courses provided by the EPA. Regional 
policies on after-hours, Government-supported training should be properly publicized. 

Formalized training for lower grade personnel, comparable to GS-3 to GS-5, is relatively 
scarce. However, skills can be most efficiently improved at the bench level on a personal, 
informal basis by more experienced analysts working in the same area. Exposure of 
personnel to pertinent literature should also be a definite program policy. 

(Continued) 

2-aide with special training or professional with minimum training with 
background in general laboratory techniques and some knowledge of 
chemistry, comparable to GS-5 through GS-7. 

3-experienced analyst capable of following complex procedures with good 
background in analytical techniques, professional, comparable to GS-9 
through GS-12. 

4-experienced analyst specialized in highly complex procedures, profes
sional, comparable to GS-I 1 through GS-I 3. 

'Rate depends on type of samples. 
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Chapter 10 

WATER AND WASTEWATER SAMPLING 

10.1 Introduction 

The quality of data resulting from water and wastewater sampling surveys is dependent 
upon the following six major activities: (a) formulating the particular objectives of the water 
sampling program, (b) collecting representative water samples, (c) maintaining the integrity 
of the water samples through proper handling and preservation, (d) adhering to adequate 
chain-of-custody and sample identification procedures, (e) practicing quality a~surance in 
the field, and (f) properly analyzing the pollutants in the water samples. These areas are 
equally important for insuring that environmental data are of the highest validity and 
quality. 

The present section addresses aspects of quality control (QC) concerned with the collection 
of environmental samples and data in the field. It includes a capsule summary of the specific 
areas mentioned previously and a list of references (table 10-1) that provide specific 
guidance in these areas, rather than a collection of guidelines on sampling procedures. 

10.2 Areas of Sampling 

The specific areas that comprise an overall water sampling program are as follows. 

10.2.1 Objectives of the Particular Sampling Program 

The objectives of the sampling program affect all the other aspects of the sampling program. 

Sampling program objectives are determined by the following activities: (a) planning 
(areawide or basin), (b) permitting, (c) compliance, (d) enforcement, (e) design. (f) process 
control, and (g) research and development. The types of water sampling programs to be 
employed, depending on suitability to program objectives, include reconnaissance surveys: 
point-source characterization: intensive surveys; fixed-station-network monitoring: ground
water monitoring; and special surveys involving chemical, biological, microbiological, and 
radiological monitoiring. 

Factors that must be considered in meeting the objectives of the sampling program are the 
extent of the manpower resources, the complexity of the parameters of interest, the 
duration of the survey, the number of samples, the frequency of sampling, the type of 
samples (grab or composite), and the method of sample collection (manual or automatic). 

10.2.2 Collection of Representative Samples 

The objective of all water and wastewater sampling is to obtain a representative portion of 
the total environment under investigation. The techniques for obtaining representative water 
samples may vary with the length, width, and depth of a body of water, its physical and 
chemical parameters, and its type to be sampled (such as municipal or industrial effluents. 
surface waters and bottom sediments, agricultural runoff, ane sludges). In :ollecting 
representative samples, the following factors should be considered. 
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Table 10- I
 
GUIDANCE FOR WATER/WASTEWATER SAMPLING
 

Sampling Subject Area 

Objectives of a Sampling Program 
Collection of Representative Samples: 

Site Selection 
Sample Types t 

Automatic Samplers 
Flow Measurement 
Statistical Approach to Sampling: 

Frequency of Sampling 
Number of Samples 
Probability of Exceeding Standard 

9Special Sampling Procedures:
 
Municipal Wastewaters 

Industrial Wastewaters 

Agricultural Wastewaters 

Surface Waters 

Bottom Sediments 

Sludges 

Biology 

Microbiology 

Radiation 


Samnle Preservation and Handling: 
Volume of Sample 
Container Type and Cleaning 
Sample Identification 

Chain of Custody 
Quafity Assurance in the Field 

Grab. composite, manual, etc. 

C'/ 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

2 3 

X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

Reference Numbers 

4 5 6 7 8 9 

X X 

X X 
X X 

X X X X 
X X X 

X 
X 
X 

X 
X X 

X X 
X X X 

X 
X 

10 11 12 

X 
X 
X 

X 

X 
X 

X 



10.2.2.1 Site Selection 

The location of the sampling site is critical in obtaining representative data. Preferably, 
water sampling sites for point sources of pollution from municipal and industrial effluents 
are located at points of highly turbulent flow to insure good mixing: however, inaccessi
bility, lack of site security, or power unavailability may preclude use of the best sites, but 
these impediments should not be used as reasons for collecting samples at unacceptable 
locations. Locations of sampling sites for streams, lakes, impoundments, estuaries, and 
coastal areas vary, but in general occur in the following bodies: (a) in water bodies for 
sensitive uses (swimming and drinking water supply), (b) in major impoundments or 
reservoirs near the mouths of major tributaries and in the rivers entering and leaving the 
impoundments, (c) in water bodies polluted by man's activities, (d) in rivers upstream and 
downstream from tributaries, and (e) where hydrological conditions change significantly. 

10.2.2.2 Types 

The basic types of water and wastewater sampling methods are grab sampling and composite
sampling. Composite sampling may be conducted manually or automatically. The six 
methods for forming composite samples, all of which depend on either a continuous or 
periodic sampling mode, are the following: (a) constant sample pumping rates. (b) sample 
pumping rates proportional to stream flow rates, (c) constant sample volumes and constant 
timt intervals between samples, (d) constant sample volues and time intervals between 
samples proportional to stream flow rates, (e) constant time intervals between samples and 
sample volumes proportional to total stream flow volumes since last sample, and (f) 
constant time intervals between samples, and sample volumes proportional to total stream 
flow rates at time of sampling. The choice of using the grab sampling method or one of the 
six compositing sampling methods is determined by program objectives and the parameters 
to be sampled. 

10.2.2.3 Automatic Samplers 

The use of automatic samplers eliminates errors caused by the human element in manual 
sampling, reduces personnel cost, provides more frequent sampling than practical for manual 
sampling, and eliminates the performance of routine tasks by personnel. Criteria for brand 
selection of automatic samplers include evaluations of the intake device, intake pumping 
rates, sample transport lines, sample gathering systems (including pumps and scoops). power 
supplies and power controls, sample storage systems, and additional desirable features to fit 
particular sampling conditions. There are many commercially available automatic samplers: 
however, because no single automatic sampler is ideally suited for all situations, the user 
carefully selects the automatic sampler most suited for the particular water or wastewater to 
be characterized. Precautions must be taken in regard to using certain types of samples in 
potentially explosive atmospheres. 

10.2.2.4 Flow Measurement 

An essential part of any water or wastewater sampling survey as well as a necessary 
requirement of the National Pollution Discharge Elimination System (NPDES) permit 
program is accurate flow measurement, which can be divided into four categories: 

a. 	 Flow measurement in completely filled pipes under pressure-common devices 
employed are orifices, Venturi tubes, flow nozzles, Pitot tubes, magnetic flow 
meters, ultrasonic flow meters, and elbow meters. 
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b. Trajectory methods, 
pipe-common flow 

either full or partially full, measured at the end of the 
measurement methods are the California and Purdue pipe 

methods. These methods are normally considered as estimates rather than accurate 
measurements. 

c. Flow measurement in open channels and sewers-common methods are the velocity
area measurement, time-of-passage measurement, and level measurement methods 
using weirs and flumes. 

d. Miscellaneous flow measurement methods-common methods include use of Man
ning formula, tracer and salt dilution techniques, water meters, pump rates, and 
measurements of level changes in tanks and calibrated vessels. 

Flow measurement data may be instantaneous or continuous. For continuous measure
ments, a typical system consists of primary devices such as weirs and flumes and secondary 
devices such as flow sensors, transmitting equipment, recorders, and totalizers. The 
improper installation or design of a primary device or malfunction of any part of a 
secondary device results in erroneous flow data. The accuracy of flow measurement data 
also varies widely, depending principally on the accuracy of the primary device and the 
particular flow measurement method used. In any case, an experienced investigator should 
be able to measure flow rates within ±10 percent of the true values. 

10.2.2.5 Statistical Approach to Sampling 

Four factors must be established for every sampling program: (a) number of samples, (b) 
frequency of sampling, (c) parameters to be measured, and (d) sampling locations. These 

factors are usually determined in varying degrees by details of the pertinent discharge 
permits or are more arbitrarily set by the program resource limitations. Nevertheless, the 
nature of the statistical metlh.ods selected and scientific judgment should be use4to establish 
the best procedures. 

10.2.2.6 Special Sampling Procedures 

Special sampling procedures should be employed for municipal, industrial, and agricultural 
waters, surface waters as well as bottom sediments and sludges, and for biological, 
microbiological, and radiological studies. t' q 

10.2.3 Sample Preservation and Handling 

During and after collection, if immediate analysis is not possible, the sample must be 
preserved to maintain its integriy. The only legally binding reference EPA has for sample 
preservation methods is the NIDES permit program specified in reference 13. However, 
these sample preservation procedures serve as a guide for other program objectives. 

Proper handling of the samples helps insure valid data; consideration must a1'o be given to 
care of the field container material and cap material, cleaning, structure of containers, 
container preparation for determination of specific parameters, container identification, and 
volumes of samples. 
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10.2.4 Chain-of-Custody Procedures 

All programs involved in water and wastewater surveys should document and implement a 
chain of possession and custody of any sample collected, whether or not the resulting data 
are to be used in enforcement cases. Such procedures insure that the samples are collected, 
transferred, stored, analyzed, and destroyed only by authorized personnel. See section 12.7 
for detailed procedures that can be used on all sample types. 

10.2.5 Quality Assurance inthe Field 

Quality assurance programs for sampling equipment and for field measurement procedures 
(of such parameters as temperature, dissolved oxygen, pH, and conductance) are necessary 
to insure data of the highest quality. A field quality assurance program administered by a 
quality assurance coordinator should contain the following documented elements: 

a. 	 The analytical methodology: the special sample handling procedures: and the preci
sion, accuracy, and detection limits of all analytical methods used. 

b. 	 The basis for selection of analytical and sampling methodology. For example, all 
analytical methodology for NPDES permits shall be that specified in reference 13, or 
shall consist of approved alternative test procedures. Where methodology does not 
exist, the quality assurance plan should state how the new method will be 
documented, justified, and approved for use. 

c. 	 The amount of analyses for quality control (QC), expressed as a percentage of 
overall analyses, to assess the validity of data. Generally, the complete quality 
assurance program should approximate 15 percent of the oveall program with 10 
and 5 percent assigned to laboratory QC and field QC, respectively. The plan should 
include a shifting of these allocations or a decrease in the allocations depending 
upon the degree of confidence -established for collected data. 

d. 	 Procedures for the recording, processing, and reporting of data; procedures for 
review of data and invalidation of data based upon QC results. 

e. 	 Procedures for calibration and maintenance of field instruments and automatic 
samplers. 

f. 	 A performance evaluation system, administered through the quality assurance 
coordinator, allowing field sampling personnel to )ver the following areas: 

(1) 	Qualifications of field personnel for a particular sampling situation. 

(2) 	 Determination of the best representative sampling site. 

(3) 	 Sampling technique inchding location of the points of sampling within the body 
of water, the choice of grab or composite sampling, the type of automatic 
sampler, special handling procedures, sample preservation, and sample identifi
cation. 

(4) 	Flow measurement, where applicable. 
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(5) 	 Completeness of data, data recording, processing, and reporting. 

(6) 	Calibration and maintenance of field instruments and equipment. 

(7) 	The use of QC samples such as duplicate, split, or spiked samples to assess the 
validity of data. 

g. 	 Training of all personnel involved in any function affecting the data quality. 

Quality assurance in sample collection should be implemented to minimize such common 
errors as improper sampling methodology, poor sample preservation, and lack of adequate 
mixing during compositing and testing. The checks listed in the following sections will help 
the quality assurance coordinator to determine when the sample collection system is out of 
control. 

10.2.5.1 Duplicate Samples 

At selected stations on a random time frame duplicate samples, are collected from two sets 
of field equipment installed at the site, or duplicate grab samples are collected. This provides 
a check of sampling equipment and technique for precision. 

10.2.5.2 Split Samples 

A representative subsample from the collected sample is removed and both are analyzed for 
the pollutants of interest. The samples may be reanalyzed by the same laboratory or 
analyzed by two different laboratories for a check of the analytical procedures. 

10.2.5.3 Spiked Samples 

Known amounts of a particular constituev, .ire added to an a 'i'i'l sample or to blanks of 
deionized water at concentrations at which the accuracy of the test method is satisfactory. 
The amount added should be coordinated with the laboratory. This method provides a 
proficiency check for accuracy of the analytical procedures. 

10.2.5.4 Sample Preservative Blanks
 

Acids and chemical preservatives can become contaminated- after,?f£a period of use in tha field.
, . 

The sampler should add the same quantov of preservative to some distilled water as 
normally would be added to a wastewater sample. This preservative blank is sent to the 
laboratory for analysis of the same parameters that are measured in the sample and values 
for 	 the blank are then subtracted from the sample values. Liquid chemical preservatives 
should be changed every 2 weeks-or sooner, if contamination increases above predeter
mined levels. 

10.2.5.5 Precision, Accuracy, and Control Charts 

A minimum of seven sets each of comparative data for duplicates, spikes, split samples, and 
blanks should be collected to define acceptable estimates of precision and accuracy criteria 
for data validation. 
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10.2.5.6 Calibration of Field Equipment 

Plans should be developed and implemented for .1ibrating all field analysis test equipment
and calibration standards to include the following: (a) calibration and maintenance intervals,
(b) 	 listing of required calibration standards, (c) environmental conditions requiring calibra
tion, and (d) a documented record system. Written calibration procedures should be 
documented and should include mention of the following: 

a. 	 To what tests the procedure is applicable. 

b. 	 A brief description of the calibration procedure. (A copy of the manufacturer's 
instructions is usually adequate.) 

c. 	 A listing of the calibration standard, the reagents, and any accessoly equipment 
required. 

d. 	 Provisions for indicating that the field equipment is labeled and contains the 
calibration expiration date. 
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Chapter 11 

RADIOCHEMISTRY 

11.1 Introduction 

The objective of this chapter is to provide general information and suggestions that enable 
the analyst to execuie his responsibilities in analytical quality control (QC) as they relate to 
radiochemical analyses. Because chemical and radiochemical respor;ibilities should be 
considered together, the following requirements could be included with the items specified
in the preceding chapters as tasks for the radiochemist: verifying the validity of laboratory
data, recommending methodology, interpreting the results, and examining the need for 
st'ndard procedures. 

Environmental radiation measurements are made daily by Federal, State. local, and private
agencies. The data obtained from these measurements are used by the U.S. EPA and other 
agencies for such purposes as estimating doses, describing health effects, establishing
standards and guides, and conducting regulatory activities. It is imperative to insure the 
precision and accuracy of the data, so that policy decisions concerning environmental 
quality are based on valid and comparable data. 

A radiation QC program should be designed to encourage the development and implementa
tion of QC procedures at all levels of sample collection, analysis, data processing, and 
reporting. It should enable the analyst to verify his analyses and document the validi.y of 
the data. In addition, such a program allows the determination of the precision and accuracy 
of environmental radiochemical analyses. 

11.2 Sample Collection 

Analytical results can be no more meaningful than the integrity of the samples that are 
analyzed. Representative samples must be collected so the data for any aliquot carl be 
related to a well-defined pollution source. For most analyses (table 1 1) the sample should 
be preserved at the sampling site to maintain its integrity and to minimize activity losses 
from absorption on container walls. If at all possible, analyses should be performed soon 
after receipt of the sample; at the laboratory. 

Sample container types anid descriptions have already been discussed. Both plastic and glass
containers have been rezommended, and each has its particular merit. Cost most likely
determines which of the many types of plastic containers will be used; in general, those 
more expensive should be more resistant to adsorption losses. Because sample analyses are 
recommended soon after collection, less expensive plastic ware can be tolerated. In any 
event, containers should be discarded after use to prevent contamination of subsequent 
samples. 

Glass .bottles are popular items, readily available in all sizes. Although the possibility of 
breakage either in handling or shipping is obviously great, the very small sizes for radioactive 
tracer standards and calibration sources can withstand breakage. Use of the larger size 
bottles for these purposes should therefore be avoided. It is poor economics to ship
radioactive samples in fragile glass containers when unbreakable types serve the purpose
much better. 

Il-I 



Table I !-I
 

SAMPLE HANDLING, PRESERVATION, METHODOLOGY, AND MAJOR INSTRUMENTATION REQUIRED I
 

Parameter 

Gross Alpha ,ctivity 
Gross Beta Aaivity 
Strontium-89 
Strontium-90 
Radium-226 
Radium-228 
Cesium-I 34 
Iodine-] 31 
Tritium 
Uranium 
Photon Emitters 
ISee reference I for method. 

Sample 2
Preservation 

Concentrated HNO 3 to pH < 2 
Concentrated HNO 3 to pl < 2 
Concentrated HNO 3 to p 1 < 2 
Concentrated HNO 3 to phl < 2 
Concentrated HNO 3 to p" < 2 
Concentrated HNO 3 to pH < 2 
Concentrated IICI to pH < 2 
None 
None 
Concentrated H1N0 3 to phI < 2 
Concentrated HNO 3 to pH < 2 

Container 3 

P or G 
P or G 
P or G 
P or G 
P or G 
P or G 
P or G 
P or G 
G 
P or G 
P or G 

instrumentation 

Low-background proportional counter 
Low-background proportional counter 
Low-background proportional counter 
Low-background proportional counter 
Scintillation cell system 
Low-background proportional counter 
Low-background proportional counter 
Low-background proportional counter 
Liquid scintillation counter 
Fluorometer 
Gamma spectrometer 

2 Preservative to be added at the time of collection unless the sample is to be characterized for suspended solids activity. 
3p = hard c.- soft plastic: G = i;1 d or soft glass. 



11.3 Laboratory Practices 

11.3.1 Laboratory Safety 

The general principles of laboratory safety are covered in chapter 14. The hazards to be 
avoided are listed, and the importance of good housekeeping practices is stressed. These 
practices reduce the potential hazard of the many chemical operations being performed. In 
the radiochemical laboratory they eliminate the probability of radiological cross
contamination from sample to sample and from sample to glassware. Many of the materials 
used in the laboratory are potentially hazardous because of their chemical properties or 
their radioactivity and therefore should be handled with the utmost care and respect. 

In the radiochemical laboratory, the prevention of contamination by radioactive materials 
requires attention to radiation-protection practices, an ongoing personnel-monitoring pro
gram, and the designation of a segregated storage area for radioactive sources following use 
in radiochemical analyses. Adequate labeling of work areas, of samples for analysis, of 
aliquots, and of separated fractions helps to control radiation hazards and to insure 
personnel safety. 

The handling of radioactive materials involves safety hazards of a type not usually associated 
with a chemical laboratory. Special precautions and instruments should be used to insure 
the greatest personal safety. It is imperative to wear monitoring devices (personal film 
badges) at all times. 

A number of health and contamination hazards are to be considered. Many radioactive 
materials are dangerous even in extremely minute quantities if inhaled or ingested. All 
radioactive materials are capable of contaminating laboratories, instruments, and clothing. 
All radioactive materials in large concentrations are dangerous because of the effects of their 
radiation external to their containers. To control these hazards, the following rules should 
be in effect at all times. 

a. For the case of radioactive materials that are capable of being volatilized or airborne, 
perform all work in a closed area or hood. Perform distillations, evaporations, and 
other such processes in a well-ventilated hood. 

b. Do not bring food or liquid refreshments into a-laboratory engaged in work with 
radicactive materials. The same applies to the counting rooms. 

c. Do not smoke when handling radioactive materials. 

d. After working with radioactive materials, wash hands thoroughly before eating or 
handling uncontaminated materials. 

11.3.2 Laboratory Analyses 

Standard radiochemical procedures or their equivalent are needed to comply with sensitivity
detection limits for each nuclide as designated by the quality assurance program (2).
Radiochemical procedures have been compiled for a multitude of nuclides in a multitude of 
media (3-9) and descriptions of specific separations are to be found in the scientific 
literature. As laboratory techniques become more sophisticated and as more sensitive 
instrumentation is developed, these procedures will be improved. 
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Depending on the media, the radioactivity levels, and the nuclide composition, there are 
several approaches that can be made when a sample is received for QC determination. The 
requirements for an acceptable QC program are described in section 11.4. 

Before starting such a program, the laboratory should be already set up for radiochernical 
analyses and the analysts should have the prescribed education and experience. 

11.3.3 Laboratory Radiation Instruments 

The types of radiation counting systems (described in ref. 2) needed to comply with the 
requirements are set forth in the following paragraphs. Only those instruments needed for 
analyzing specific radionuclides are required. Such instruments should meet the specifica
tions discussed in the next sections. 

11.3.3.1 Liquid Scintillation System 

A liquid scintillation system must measure tritium with the sensitivity required by the 
National Interim Primary Drinking Water Regulations. Efficiency of the system should be 
greater than 57 percent for tritium. The tritium figurc of merit (E,) 2 /B should be greater 
than 100. 

11.3.3.2 Gas-Flow Proportional Counting System or Alternative 

A gas-flow proportional counter, or the alternative described later, is required for 
measurement of gross alpha- and gross beta-particle activities, radium-228, ,strontium,89, 
cesium-134, and iodine-131. The detector may be either windowless (internal proportional 
counter) or of the thin-window type. A minimum shielding equivalent of 5 cm of lead must 
surround the detector. A cosmic (guard) detector should be operate6 in anticoincidence 
with the main detectorTle main detector should have an efficiency greater than 20 percent 
for polonium-210 and dalon-14 and greater than 40 percent for strontium-90. The d&tctor 
background should be less than 1.3 counts per minute. 

The detector pl.ateau should be less than 1.5 percent per 100 V and shou!d be at least 100 V 
wide for carbon-14 and less than 2 percent per 100 V for strontium-90. 

A scintillation system designed for alpha- and beta-particle counting may be substituted for 
the gas-flow proporti9p4l counter described. In such a system a Mylar disk coated with a 
phosphor (silver-activAted zinc sulfide) is either placed directly on the sample (for alpha 
measurements) or on the face of a photomultiplier tube, enclosed within a light-tight 
container along with the appropriate electronics (high-voltage supply, amplifier(s), timer, 
and scaler). Radiation shielding, although desirable, is not required for this system. 

11.3.3.3 Grmma Spectrometer System 

A sodium iodide (Nal) detector connected to a multichannel analyzer is requred for 
determination of manmade photon emitters. A 7.5- by 7.5-cm Nal crystal is satisfactory; 
however, a 10- by 10-cm crystal is recommended. The crystal detector must be shielded 
with a minimum of 10 cm of iron or equivalent. 

It is recommended but not required that the distance from the center of the crystal detector 
to any part on the shield should not be less than 30 cm. The multichannel analyzer, in 
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addition to the appropriate electronics (high-voltage supply, preamplifier, and linear 
amplifier), must contain a memory of not less than 200 channels and at least one readout 
device. 

11.3.3.4 Scintillation Cell System 

A scintillation system must be designed to accept scintillation flasks (Lucas cells) for 
measurement of radium-226 by the radon-emanation method. The system consists of a 
light-tight enclosure for the scintillation flasks, a detector (phototube), and the appropriate 
electronics (high-voltage supply, amplifier, timers, and scalers). The scintillation flasks 
required for this measurement mr, either be purchased from commercial suppliers or 
constructed according to published specifications. 

11.4 Quality Control 

The following requirements are recommended for all laboratories: 

a. 	 All QC data should be available for inspection to determine validity of laboratory 
results. 

b. Each laboratory should participate 
intercomparison studies (10). 

at least twice each year in EPA laboratory 

c. Each laboratory should participate once each year in an appropriate EPA
administered performance study on unknowns. Results must be within the control 
limits established by EPA for each analysis. 

d. Counting-instrument operating manuals and calibration protocols should be available 
to analysts and technicians. 

e. Calibration data and maintenance records on all radiation instruments and analytical 
balances must be maintained in a permanent record. 

f. Minimum daily QC 

(1) To verify precision of methods, a minimum of 10 percent of the samples shall be 
duplicates. Checks must be within ±2 standard deviations of the mean range. 

(2) If less than 20 samples per day are analyzed, a performance standard and a 
background sample must be measured. If 20 or more samples are analyzed per 
day, a performance standard and a background sample must be measured with 
each 20 samples. Checks must be within ±2 standard deviations of the mean 
range. 

(3) Quality control performance charts or performance records mitst be maintained. 
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Chapter 12
 

MICROBIOLOGY
 

12.1 Background 

The quality assurance program described in this chapter is a synopsis of a detailed program 
prescribed in parts IV and V of the EPA microbiological methods manual (1). Quality 
assurance is a program of integration of all intralaboatory and interlaboratory quality 
control (QC), methods standardization, and QC management practices into a formal, 
coordinated, continuing effort. 

12.2 Specific Needs inMicrobiology 

A quality assurance program for microbiological analyses must emphasize the control of 
laboratory operations and analytical procedures because the tests measure living organisms 
that continually change in response to their environment. Further, because true values 
cannot be provided for the microbial parameters, microbiologists do Pot yet have the 
advantages of analytical standards, QC charts, and spiked samples available to other 
disciplines for measurement of accuracy. Because known values cannot be applied, it isim
portant that careful and continuous control be exerted over sampling, personnel, analytical 
methodology, materials, supplies, and equipment. 

12.3 Intralaboratory Quality Control 

Intralaboratory QC is the orderly application within a single laboratory of laboratory 
practices necessary to eliminate or reduce systematic error and to control random error. 
This within-laboratory program must be practical, integrated, and time-efficient or it will be 
bypassed. When properly administered, such a program helps to insure high-quality data 
without interfering with the primary analytical functions of the laboratory. This within
laboratory program should be supplemented by participation of the laboratory in an 
interlaboratory quality assurance program such as that conducted by EPA. 

Intralaboratory QC for microbiology should cover the following areas: 

a. Laboratory operations 

(1) Sample collection and handling 
(2) Laboratory facilities 
(3) Laboratory personnel 
(4) Laboratory equipment and instrumentation 
(5) Laboratory supplies 
(6) Culture media 
(7) Analytical methodology 

b. Analytical QC 

(I) Sterility checks 
(2) Positive and negative controls 

12-1 



(3) 	 Duplicate analyses 
(4) 	Single-analyst precision 
(5) 	Comparison of results between analysts 
(6) 	 Verification of membrane filter analyses 
(7) 	Completion of mo3t probable number analyses 
(8) 	Data handling 

12.4 Interlaboratory Quality Control 

An interlaboratory quality assurance program is an agreed-upon system of minimal 
requirements necessary to maintain a quality standard among a group of laboratories. Such a 
program may be voluntary or compulsory for participants. It may include the following 
activities: 

a. 	 Selection and approval of uniform sampling methodology and analytical niethodol
ogy 

b. 	 Collaborative studies to establish the precision and accuracy of selected methodol
ogy 

c. 	 Preparation of guidelines to set minimal group standards for personnel, equipment, 
instrumentation, facilities, and intraiaboratory QC programs 

d. 	 Onsite inspection of laboratory capabilities 

e. 	 Periodic evaluation of laboratory performance on unknown samples 

f. 	 Followup on problems identified in onsite inspections and performance evaluations 

As a part of its interlaboratory quality assurance program, EPA has selected microbiological 
methodolcgy and standards for laboratory operations (1). EMSL-Cincinnati is currently 
conducting research on the development of QC samples for use in performance testing and 
method-validation studies. 

12.5 Development of aFormal Quality Assurance Program 

Unless records are kept of the QC checks and procedures, there is no proof of performance, 
no value in future reference, and for practical purposes, no quality assurance program in 
operation. To insure a viable quality assurance program, management must first recognize 
the need and require the development of a formal program, and then commit 15 percent of 
the laboratory man-years to QC activities. The laboratory manager holds meetings with 
supervisors and staff workers to establish levels of responsibility and functions of 
management, supervisor, and analyst in the quality assurance program. Laboratory person
nel participate in planning and structuring the program. 

Once the quality assurance program is functioning, supervisors review laboratory operations 
and QC with analysts on a frequent (weekly) basis. Supervisors use the results of the regular 
meetings with laboratory personnel to inform management of the status of the program on a 
regular (monthly) basis. These meetings identify problems through participation of labora
tory personnel and provide the backing of management for actions required to correct 
problems. 
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12.6 Drcumentation of aQuality Assurance Program 

A laboratory operating manual should be prepared that describes operation, maintenance, 
and QC of laboratory operations and analyses as practiced. The review mechanisms and the 
frequency of review in the quality-assurance program are included. 

12.6.1 Sampling 

A sample log is used to record information on samples received in the laboratory including 
details of sample identification and origin, the necessary chain-of-custody information, 
analyses performed, and final results. 

12.6.2 Laboratory Operations 

A QC record is maintained on media preparation, instrument calibration, purchase of 
supplies, QC checks on materials, supplies, equipment, instrumentation, facilities, and 
analyses. 

12.6.3 Ar-Iy,,''(al Quality Control 

A reccrd of analytical QC checks is maintained on positive and negative controls, sterility 
checks, single-analyst precision, precision between analysts, and use-test results from 
comparison of lots of media, membrane filters, and other supplies. 

12.7 Chi in-of-Custody Procedures for Microbiological Samples 

12.7.1 Ganeral 

A regulatory agency must demonstrate the reliability of its evidence by proving the chain of 
possession and custody of any samples that are offered for evidence or that form the basis 
of analytical test results introduced into evidence in any water pollution case. It is 
imperative that the office and the laboratory prepare procedures to be followed whenever 
evidence samples are collected, transferred, stored, analyzed, or destroyed. 

The primary objective of these procedures is to create an accurate written record that can be 
used to trace the possession of the sample from the moment of its collection through its 
introduction into evidence. A sample is in custody if it is in any one of the following states: 

a. In actual physical possession 

b. In view, after being in physical possession 

c. In physical possession and locked up so that no one can tamper with it 

d. In a secured area, restricted to authorized personnel 

Personnel should receive copies of study plans prior to the study of a water pollution case. 
Prestudy briefings should then be held to apprise participants of the objectives, sample 
locations, and chain-of-custody procedures to be followed. After the chain-of-custody 
samples are collected, a debriefing is held in the field to verify the adherence to the 
chain-of-custody procedures and to determine whether additional samples are required. 
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12.7.2 Rules for Sample Collection 

An agency or laboratory engaged in sample study activities should follow these rules: 

a. 	 Involve a minimum number of trained persons in sample collection and handling. 

b. 	 Establish guidelines for particular procedures to be used for each type of sample 
collection, preservation, and handling. 

c. 	 Handle samples as little as possible. 

d. 	 Obtain stream and effluent samples using the appropriate sampling techniques. 

e. 	 Attach sample tag or label securely (see fig. 12-1) to the sample container at the 
time the sample is collected. The tag should contain the following items as a 
minimum: the serial number of the tag, the station number and location, the date 
and time taken, the type of sample, the sequence number (e.g., first sample of the 
day-sequence No. 1), the preservative used, the analyses required, and the name of 
the sample collector. Tags should be completed legibly in waterproof ink. 

f. 	 Use bound field notebooks to record field measurements and other pertinent 
information necessary to reconstruct the sample collection processes in the event of 
a later enforcement proceeding. Maintain a separate set of field notebooks for each 
study and store them in a safe place where they can be protected and accounted for 
at all times. Establish a sample log sheet with a standard format to minimize field 
entries and include the serial number of the sheet, the date, time, survey, type of 
samples taken, volume of each sample, type of analyses, (unique) sample numbers, 
sampling location, field measurements (such as temperature, conductivity, dissolved 
oxygen (DC), and pH), and any other pertinent information or observation. (See fig. 
12-2.) The entries should be signed by the sample collector. The responsibility for 
preparing and retaining field notebooks during and after a study should be assigned 
to a study coordinator or his designated representative. 

g. 	 The sample collector is responsible for the care and custody of the samples until the 
samples are properly dispatched to the receiving laboratory or given to an assigned 
custodian. The sample collector must insure that each container is in his physical 
possession or in his view at all times, or stored in a locked place where no one can 
tamper with it. 

h. 	 Take color slides or photographs of the sample locations and any visible water 
pollution. Sign and indicate time, date, and site location on the back of the photo. 
To prevent alteration, handle such photographs according to the established 
chain-of-custody procedures. 

12.7.3 Transfer of Custody and Shipment 

In transfer-of-custody procedures, each custodian or sampler must sign, record, and date the 
transfer. Most environmental regulatory agencies develop chain-of-custody procedures 
tailored to their needs. These procedures may vary in format and language but contain the 
same essential elements. Historically, sample transfer under chain of custody has been on a 
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U.S. ENVIRONMENTAL PROTECTION AGENCY
 

Station No. 	 Date Time Sequence No. 

Station Location -F Grab 

Metals 	 Remarks/Preservative:BOD 


Solids Oil and Grease
 

z COD 	 D.O. 
Nutrients 	 Bact.
 

Other
 

Samplers: 

(a) 

ENVIRONMENTAL PROTECTION AGENCY 
(Local Address)
 

(b) 

Figure 12-1. Example of chain-of-custody sample tag. (a) Front. (b) Back. 

sample-by-sample basis, which is awkward and time consuming. However, the EPA National 
Enforcement Investigation Center (NEIC) at Denver has set precedent with its bulk transfer 
of samples. Bulk transfer is speedier and reduces paperwork and the number of sample 
custodians. The following description of bulk transfer of custody is essentially that of the 
Office of Enforcement (2). 
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FOR SURVEY SAMPLE LOG SHEET NO. DATE 

TYPE OF SAMPLE SAMPLER: (S, uww A N A L Y S E S R E Q U I R E D 

:-l z- U

ol z C,<o
 

STATION I- I -- 00 .. 8 .. Z • I- G I- U :4..'
 

NUMBER STATION DESCRIPTION i-- PRESERVATIVE I- o :uI-)-u l-OtLL 
_I-I -I 

REMARKS 

*Fiedd Measurements US EPA. NESC-DOerm 

Figure 12-2. Example of sample log sheet. 



a. 	 Samples must be accompanied by a chain-of-custody record that includes the name 
of the study, collectors' signatures, station number, station location, date, time, type 
of sample, sequence number, number of containers, and analyses required. (See fig. 
12-3.) When turning over possession of samples, the transferor and transferee sign, 
date, and time the record sheet. This record sheet allows transfer of custody of a 

CHAIN OF CUSTODY RECORD 

SAM PLERS is,g"... 

SAMPLE TYPE 

STATION STATION LOCATION DATE TIME VO.". SEO NO OF ANALVSIS 
NUMBER A-, NO CONTAINERS REQUIRED

Con'p C..ab 

Relinquished by: s..... Received by: ,s..... Date/TimeI 
Relinquished by: , Relinquished by: is,,,'. .. Date/Time 

Relinquished by: s Received by: ,s......... Date/Time 

Received by: ,s.,.. Received by Mobile Laboratory for field 
analysis: 

Date/Time 
I 

Dispatched by:,s,,..,., Date/Time Received for Laboratory by: Datf/Time 

Method of Shipment: 

Difibuimr Otig -AccompinV Shipmenw 

I Copy-Swvrv¥ Cootdinstor Foeld FIes 

Figure 12-3. Example of chain-of-custody record. 
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group of samples in the field to the mobile laboratory or to the central laboratory. 
When a custodian transfers a portion of the samples identified on the sheet to the 
mobile laboratory, the individual samples must be noted in the column with the 
signature of the person relinquishing the samples. The laboratory person receiving 
the samples acknowledges receipt by signing in the appropriate column. 

b. If the custodian has not been assigned, the field custodian or field sampler has the 
responsibility of packaging and dispatching samples to the laboratory for analysis. 
The dispatch portion of the chain-of-custody record must be filled out, dated, and 
signed. 

c. To avoid breakage, samples must be carefully packed in shipment containers such as 
ice chests. The shipping containers are padlocked for shipment to the receiving 
laboratory. 

d. Packages must be accompanied by the chain-of-custody record showing identifica
tion of the contents. The original must accompany the shipment. A copy is retained 
by the survey coordinator. 

e. If sent by mail, register the package with return receipt requested. If sent by 
common carrier, a Government bill of lading should be obtained. Receipts from post 
offices and bills of lading will be retained as part of the permanent chain-of-custody 
documentation. 

f. 	 If delivered to the laboratory when appropriate personnel are not there to receive 
them, the samples must be locked in a designated area within the laboratory, so that 
no one can tamper with them or must be placed in a secure area. The recipient must 
return to the laboratory, unlock the samples, and deliver custody to the appropriate 
custodian. 

12.7.4 Laboratory Custody Procedures 

Suitable laboratory procedures during custody of samples include the following: 

a. 	 The laboratory shall designate a sample custodian and an alternate custodian to act 
in his absence. In addition, the laboratory shall set aside a sample storage security 
area. This should be a clean, dry, isolated room with sufficient refrigerator space 
that can be securely locked from the outside. 

b. 	 Samp!es should be handled by the minimum possible number of persons. 

c. 	 Incoming samples shall be received only by the custodian who will indicate receipt 
by signing the chain-of-custody record sheet accompanying the samples and 
retaining the sheet as a permanent record. Couriers picking up samples at the airport 
or post office shall sign jointly with the laboratory custodian. 

d. 	 Immediately upon receipt, the custodian places the samples in the sample room, 
which will be locked at all times except when samples are removed or replaced by 
the custodian. To the maximum extent possible, only the custodian shall be 
permitted in the sample room. 
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e. 	 The custodian shall insure that microbiological samples are properly stored and 
maintained at 4°C. 

f. 	 Only the custodian will distribute samples to personnel who are to perform tests. 

g. 	 The analyst records in his laboratory notebook or analytical worksheet, identifying 
information describing the sample, the procedures performed, and the results of the 
testing. The notes shall be dated, shall indicate who performed the tests, and should 
include any abnormalities that occurred during the testing procedure. The notes 
shall be retained as a permanent record in the laboratory. In the event that the 
person who performed the tests is not available as a witness at the time of a trial, the 
Government may be able to introduce the notes in evidence under the Federal 
Business Records Act. 

h. 	 Approved methods of laboratory analyses shall be used as required by Pubic Laws 
92-500, 93-523, 92-532, and amendments. 

i. 	 Laboratory personnel are responsible for the care and custody of a sample once it is 
handed to them and should be prepared to testify that the sample was in their 
possession and view or secured in the laboratory at all times from the moment it was 
received from the custodUan until the tests were run. 

j. 	 The laboratory area shall be maintained as a secured area and shall be restricted to 
authorized personnel. 

k. 	 Once the sample analyses are completed, the unused portion of the sample, together 
with identifying labels and other documentation, must be returned to the custodian. 
The returned, tagged sample should be retained in the custody room until 
permission to destroy the sample is received by the custodian. 

I. Samples should be destroyed only upon the order of the laboratory director. in 
consultation with previously designated enforcement officials, or when it is certain 
that the information is no longer required, or that the samples have deteriorate6. 
The same destruction procedure is true for tags and laboratory records. 

12.7.5 Evidentiary Considerations 

Reducing chain-of-custody procedures and promulgated analytical procedures to writing will 
facilitate the admission of evidence under Rule 803 (6) of the Federal Rules of Evidence 
(Public Law 93-575). Under this statute, written records of regularly conducted business 
activities may be introduced into evidence as an exception to the hearsay rule without the 
testimony of the person(s) who made the record. Although it would be preferable, it is not 
always possible for the individuals who collected, kept, and analyzed samples to testify in 
court. In addition, if the opposing party does not intend to contest the integrity of the 
sample or testing evidence, admission under Rule 803(6) can save a great deal of trial time. 
For these reasons, it is important that the procedures followed in the collection and analyses 
of evidentiary samples be standardized and described in an instruction manual, which. it 
need be, can be offered as evidence of the regularly conducted business activity followed by 
the laboratory or office in generating any given record. 
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In criminal cases, however, records and reports of matter observed by police officers and 
other law enforcement personnel are not included under the business record e.,ceptions to 
the hearsay rule previously cited. (See Rule 803(8), Public Law 93-595.) It is arguable that 
those portions of the compliance inspection report dealing with matters other than sampling 
and analysis results come within this exception. For this reason, in criminal actions, records 
and reports of matter observed by field investigators may not be admissible, and the 
evidence may still have to be presented in the form of oral testimony by the person(s) who 
made the record or report, even though the materials come within the definition of business 
records. In a ciiminal proceeding, the opposing counsel may be able to obtain copies of 
reports prepared by witnesses (even if the witness does not refer to the records while 
testifying), which may be used for cross-examination purposes. 

Admission of records is not automatic under either of these sections. The business records 
section authorizes admission "unless the source of information or the method or circum
stances of preparation indicate lack of trustworthiness," and the caveat under the public 
records exception reads "unless the sources of information or other circumstances indicate 
lack of trustworthiness." 

Thus, whether ox not the inspector anticipates that a report will be introduced as evidence, 
the inspector should make certain that the report is as accurate and objective as possible. 

12.8 References 

1. 	 Winter, J. A., Bordner, R., and Scarpino, Y., Microbiological Methods for Monitoring the 
Environment, Part I-"Water and Wastes," U.S. EPA, EMSL, Cincinnati (1978). 

2. 	 NPDES Compliance Sampling Manual, U.S. EPA, Office of Water Enforcement (June 
1977). 

12-10
 



Chapter 13 

AQUATIC BIOLOGY 

Quality assurance guidelines for aquatic biology programs (fully described in ref. 1) are 

summarized in the following section. 

13.1 	 Summary of General Guidelines 

Successful quality assurance programs in aquatic biology are based on the following essential 
elements: 

a. 	 An understanding and acceptance of the importance of quality control (QC) and a 
commitment on the part of the biology staff to fully integrate QC practices into 
field and laboratory operations 

b. 	 A staff with adequate formal training and experience and proper specialization to 
meet program needs 

c. 	 Adequate field equipment, storage and laboratory space, instrumentation, and 

taxonomic references 

d. 	 Careful advance preparation and design of field and laboratory studies 

e. 	 Strict adherence to approved methodology, where available, and careful consider
ation of the technical defensibility of the methods and their application 

f. 	 Use of replication in sample collection and analysis where feasible, and determina

tion of the accuracy and precision of the data 

g. 	 Frequent calibration of field and laboratory instruments 

h. 	 Proper sample identification and handling to prevent misidentification or inter
mixing of samples 

i. 	 Use of blind, split, or other control samples to evaluate performance 

j. 	 Development and regular use of in-house reference specimen collections, and use of 
outside taxonomic experts to confirm or provide identificatiois fur problem 
specimens 

k. 	 Meticulous, dual-level review of the results of manual arithmetical data manipula
tions and transcriptions before the data are used in veports or placed in BIO-
STORET (2) 

I. 	 Participation in EPA formal interlaboratory aquatic biology' methods studies, and 
use of EPA biological re.Jerence materials 

m. 	 Documentation of methodology and QC practices employed in the program 
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13.2 Discussion 

A brief description of each of the areas mentioned in section 13.1 is provided here to 
indicate the scope of the quality assurance program. 

13.2.1 Staff Commitment 

To establish and maintain an effective quality assurance program in aquatic biology, the 
supervisor must actively support and frequently monitor the use of QC practices in all 
aquatic biology activities. This will require the commitment of '10 to 15 percent of the total 
manpower resources. The supervisor must review field and laboratory operations with his 
staff frequently (weekly) to insure that QC practices are followed and properly docu
mented. 

13.2.2 Staff 

The quality and reliability of the data rest heavily on the competence of the staff. The range 
of aquatic organisms studied by biological programs is very broad, and each community 
requires unique skills in sample collection and analysis, and in data interpretation. Several 
disciplines, therefore, must be represented on the staff to deal effectively with the 
taxonomy and ecology of the major groups of aquatic organisms, which include the 
phytoplankton, zoop!ankton, periphyton, macrophyton, macroinvertebrates, and fish. 

13.2.3 Facilities 

The quality of the data also depends upon the availability and performance of laboratory 
equipment. Such items as sampling gear, current meters, spectrophotometers, and micro
scopes must be available and must meet performance standards ielated to the biological 
parameters measured. Laboratory instrumentation must provide the sensitivity and accuracy 
required by the stat., uf the art in sample analysis. Adequate laboratory and storage space 
must also be provided. 

13.2.4 Advance Planning 

Thorough advance planning of field and laboratory projects is necessary to maintain the 
required control over the technical aspects of the project and to insure the collection of 
meaningful data. Factors taken into consideration include the objectives of the study, the 
parameters to be measured, station selection, the sampling frequency and replication, 
seasonal cycles in the properties of communities of aquatic organisms, and QC measures to 
be incorporated into the various phases of the project. 

13.2.5 Use of Approved Methodology 

Methods in the EPA manual "Biological Field and Laboratory Methods for Measuring the 
Quality of Surface Waters and Efluents" (1) should be employed where applicable. The 
manual contains concensus methods selected by a committee of senior Agency aquatic 
biologists as the preferred methods for use within EPA. If program activities require 
methods for parameters not covered by reference 1, methods may be selected from other 
sources if their application is technically defensible. 
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13.2.6 Replication 

Comparisons of biological parameters measured in control and affected regions of water 
bodies, and in laboratory experiments, may be meaningless if the precision of the results is 
not known. Preliminary measurements must be made in each study to determine the scatter 
in the data and to establish the number of replicate samples required to achieve the level of 
precision required to detect differences in the responses measured. 

13.2.7 Instrument Calibration and Maintenance 

Sampling equipment and laboratory instrumentation with mechanical metering devices and 
electronic components are calibrated on a regularly scheduled basis to insure the accuracy of 
the data. Standards are obtained, such as NBS-certified thermometers for temperature
measuring devices, class-S weights for balances, and absorption filters for spectrophotom. 
eters. Records of calibrations, regular performance checks, and service for each device are 
maintained in bound log books in such a manner that the history of performance of the 
instruments may be easily reviewed. Analytical reagents are labeled and dated when 
received, and are protected from deterioration if labile. The expected shelf life of each 
reagent is recorded on the label, and the material is not used after the expiration date. 

13.2.8 Sample Labeling 

Samples are securely labeled in the field and recorded in a bound log. Information on the 
label should include the station, date, time of day, depth, and other relevant information. A 
unique lot number is assigned to the sample and recorded on the label. Waterproof paper 
and ink must be used for the labels, and are recommended for the field logs. Depending on 
requirements, labels are placed inside samples such as macroinvertebrates. 

13.2.9 Quality Control Samples 

The accuracy of the data from routine analyses such as counts and identification of 
organisms and chlorophyll and biomass measurments is determined by introducing blind. 
split, or reference samples in the sample processing stream. These samples are either 
prepared by the supervisory aquatic biologist, laboratory quality control officer, or 
analytical QC coordinator, or are obtained from EMSL-Cincinnati. The results are discussed 
at regularly scheduled staff meetings and any problems identified are discussed and 
corrected. 

13.2.10 Organism Identification and Reference Specimens 

Accurate identification of aquatic organisms to the species level is essential to the 
interpretation of biological data. A set of reference specimens is established within each 
laboratory, to be used as taxonomic (identification) star.dards in processing samples and in 
training new personnel. The set is representative of the aquatic organisms collected by the 
program, and each specimen embodies the morphological characteristics essential to the 
identification of that taxon. The identity of these specimens is verified by outside 
taxonomic experts, who also examine organisms that pose unusually difficult identification 
problems in routine sample analysis. 
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13.2.11 Data Records, Editing (Proofing), Review 

Data collected manually are entered in a bound log or on specialized bench sheets that fully 
describe the origin and nature of the sample and that are maintained in a binder or file. 
Source data such as organism abundance, metabolic rates, and chlorophyll, which are 
manually or electronically manipulated or transcribed from one record to another, are 
doublechecked by a second person. All manual calculations and all electronic calculations, 
where data are manually keyboarded, are performed twice, except where the source (input) 
data are included in the output and can be proofed. Keyboarded data are carefully proofed 
before they are submitted for computer manipulation. 

13.2.12 Interlaboratory Methods Studies 

The aquatic biology programs participate in formal interlaboratory biological methods 
studies performed by EMSL-Cincinnati. Studies on chlorophyll and macroinvertebrate 
identification methods have been completed, and additional studies on phytoplankton and 
periphyton identification methods are planned in the future. 

13.2.13 Documentation for the Quality Assurance Program 

A laboratory operations manual is available (I) that describes the scope of the program, 
organizational structure, qualifications of the staff, available space and equipment, 
methodology employed for sample collection and analysis, and QC procedures. 

13.3 References 

1. Weber, C. I., Editor, Biological Field and Laboratory Methods for Measuring the Quality 
of Surface Waters and Effluents, 2d Edition, EPA-670/4-73-O01, U.S. EPA (July 1973). 

2. Nacht, L., and Weber, C. I., BIO-STORET Final Design Specification, U.S. EJYA (1976). 
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Chapter 14 

LABORATORY SAFETY 

14.1 Law and Authority for Safety and Health 

Public Law 91-596 is the Occupational Safety and Health Act of 1970 (1). The rpose of 
this act is the following: 

To 	assure safe and healthful working conditions for working men and women; by
authorizing enforcement of the standards developed under the act; by assisting and 
encouraging the States in their efforts to assure safe and healthful working
conditions; by providing for research, information, education, and training in the 
field of occupational safety and health; and for other purposes. 

The intent of the act (1) is "to assure so far as possible every working man and woman in 
the Nation safe and healthful working conditions and to preserve our human resources." 

The responsibility for promulgating and enforcing occupational safety and health standards 
rests with the Department of Labor. The Department of Health, Education, and Welfare is 
responsible for conducting research on which new standards can be based, and for 
implementing education and training programs for producing an adequate supply of 
manpower to implement the purposes of the act. These responsibilities are performed by the 
National Institute for Occupational Safety and Health (NIOSH). 

Section 19(a) of Public Law 91-596 states the foilowing (I): 

It shall be the responsibility of the head of each Federal agency to establish and 
maintain an effective and comprehensive occupational safety and health program 
that is consistent with the standards promulgated under section 6. The head of each 
agency shall (after consultation with representatives of the employees thereof)

(1) provide safe and healthful places and conditions of employment, consistent 
withi the standards set under section 6; 

(2) 	 acquire, maintain, and reqv'ire the use of safety equipment, personal
protective equipment, and devices reasonably necessary to protect employ
ees; 

(3) 	 keep adequate records of all occupational accidents and illnesses for proper
evaluation and necessary corrective acticn; 

(4) consult 	 with the Secretary with regard to the adequacy as to form and 
content of records kept pursuant to subsection (a)(3) of this section; and 

(5) make an annual report to the Secretary of Labor with respect to occupa
tional accidents and injuries and the agency's program under this section. 
Such report shall include any report submitted under section 7902(e)(2) of 
title 5, United States Code. 
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Executive Order 11807 was issued in the fall of 1974 to provide general direction to the 

heads of Federal agencies and to the Secretary of Labor in establishing occupational safety 

and health programs in the Federal Government. The executive order details the following 
duties: 

a. Appointment of a Safety and Health Official. 

b. Establishment of a management information system. 

c. Establishment of an occupational safety and health program. 

(I) Adoption of safety and health standards 
standards. 

as effective as the Secretary of Labor's 

(2) Institution of procedures for, processing reports from employees 
conditions. 

on hazardous 

(3) 	 Institution of periodic inspection of facilities. 

(4) 	Provision for abatement of hazards in facilities. 

d. 	 Provision for training of agency personnel. 

(l) 	 Training of supervisors at all levels. 

(2) 	 Training of those responsible for conducting inspections of facilities. 

(3) 	 Training of other employees. Attention is called to the list of OSHA training 
requirements. 

e. 	 Assistance of the Secretary of Labor. 

(1) 	Compliance with the recordkeeping and reporting requirements. 

(2) 	 Observation of the guidelines issued in 28 CFR 1960. 

(3) 	 Cooperation with the Secretary of Labor in the performance of his responsi
bilities. 

f. 	 Issuance of guidelines for a safety and health program. 

g. 	 Prescription of recordkeeping and reporting requirements. 

h. 	 Provision of consulting services to Federal agencies in adoption of standards, training 
agency personnel, and in other matter-,. 

i. 	 Upon request and subject to reimbursement, performance of such services as 
evaluation of safety and health conditions in the agency, recommendation on the 
adoption of standards, inspection of facilities for safety and health hazards, and 
training of agency personnel in safety and health matters. 
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j. 	 Evaluation of agency programs and report of the condition to the President. This 
item in the executive order gives to the Secretary of Labor a degree of enforcement 
of safety and health rules and regulations within Federal agencies. 

k. 	 Section 4 continues the Federal Advisory Council on Occupational Safety and 
Health. Note that at least one-third of the members are to be labor representatives. 

14.1.1 Occupational Safety and Health Administration Regulations 

The Occupational Safety and Health Act of 1970 covers laboratory workplaces as well as 
industrial and manufacturing workplaces (1). Many large laboratories have already come 
under the scrutiny of the Occupational Safety and Health Administre~on (OSHA): small 
and medium-sized laboratories can expect direct involvement in the future. 

The 1970 act set up NIOSH within the U.S. Department of Health, Education, and Welfare. 
NIOSH provides OSHA with the scientific information it needs to effectively perform its 
regulatory function. 

The initial OSHA regulations were, and in some measure still are, a collection of many
well-established standards taken from industry and from standards-making groups. The 
American National Standards Institute, the National Safety Council, the National Fire 
Protection Association, and the American Society for Testing and Materials were some of 
the prime sources for these OSHA standards. Certain existing State health and safety
regulations that predated OSHA were used to develop the Federal OSHA regulations. 

Efforts are continually underway to refine and quantify current OHSA regulations through 
court decisions resulting from appeals of compliance citations, through continuing reviews 
of standards by OSHA safety compliance officers, through the work of NIOSH, and through 
internal reviews. 

Because of the continual publication of revisions of the regulations consisting of refinements 
and clarifications, as well as dissemination of newly issued regulations, laboratory operators 
must expend great efforts to keep strictly up to date. What was permitted yesterday may 
not be permitted today. 

The first place to start in keeping up to date on OSHA regulations is to obtain a copy of the 
Federal or Stateaxegulations that apply. In States not operating their own OSHA function, 
copies of applicable regulations are usually available without charge from the local office of 
the U.S. Department of Labor. In other States, copies of their regulations are available from 
similar State offices and boards either free or at a nominal charge. In either case, appropriate 
steps must be taken to keep up to date on revisions and reissues. Usually this means getting 
on a mailing list for automatic receipt of this material as it is published. Because entire 
sections of the regulations may be reissued to incorporate only a few changes, it is usually 
necessary to completely study these reissues to determine the actual change that has been 
made. . 

As OSHA moves more into the complicated areas of chemical and biological laboratory
workplaces, the level of the compliance inspector's knowledge must be increased 
accordingly. 

14-3	 q9
 



14.1.2 Federal and State OSHA 

There is no completely identical OSHA standard in force throughout the United States. 

A provision of the act of 1970 permits Federal OSHA to certify individual State OSHA 
operations when they are satisfied that applicable State regulations and compliance 
enforcement methods fulfill the provisions of the Federal act (1). 

While many State OSHA applications are in process, the following States and territories are 
certified or at least provisionally certified to permit their own OSHA operation: 

Alaska 
Arizona 
California 
Colorado 
Connecticut 
Hawaii 
Indiana 
Iowa 
Kentucky 
Maryland 
Michigan 
Minnesota 
Nevada 
North Carolina 
Oregon 
South Carolina 
Tennessee 
Utah ,. 1P 
Vermont 
Washington 
Wyoming 
Virgin Islands 

All other states and territories are under Federal OSHA jurisdiction. 

Even though the Federal Government supports..50 percent of the cost of State OSHA 
programs, these States apparently would prefer that the Fc.,.ral Government take on the 
entire cost burden for them. 

An important difference between Federal and State OSHA operations lies in their 
jurisdictions. While State OSHAs are responsible for State-operated workplaces, Federal 
OSHA can only inspect Federal workplaces. It cannot enforce compliance. There is, 
however, a current effort by the General Accounting Office to urge Congress to remove this 
restriction on Federal OSHA's effectiveness in dealing with Federal workplaces. 

While Federal OSHA is not permitted to offer a consulting service, most State OSHAs can 
and do. Some who were unaware of this difference have called local Federal OSHA offices 
for advice. All they succeeded in doing was to invite an inspection. Normally, however, 
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inspections of facilities, be they manufacturing or laboratories, are triggered by an 
employee's complaint or an accident report, either as required by law or through police, 
fire, or hospital channels. 

Reactions to OSHA operations vary widely. Many laboratories have been cited for violations 
and have been heavily fined. Yet Dr. David Pettit, Technical Director of Kelco's operations
in San Diego, says, "We feel that OSHA standards are not unrealistic, just good laboratory 
practice." 

14.2 EPA Policy on Laboratory Safety 

EPA has issued an Occupational Safety and Health Manual (3) in which policy, responsi
bilities, accident reporting, inspections, standards, and training are described. The Agency
has also issued a Safety Management Manual (4) that contains information on safety
protection plans at EPA facilities and air, water, and road safety. 

The EPA Occupational Safety and Health Manual (3) establishes policy, responsibilities, and 
procedures for the conduct of the EPA safety and health program. 

The policy of EPA is to administer its programs in a manner that assures adequate
protection of its own employees and property, and that for which it has a responsibility.
Every manager, supervisor, and employee is responsible for identifying risks, hazards, and
unsafe situations or practices and for taking steps to insure adequate safety in the activities 
under his supervison. 

A facility safety officer designated for each unit must be responsible for assisting the 
officer-in-charge in developing, organizing, directing, and evaluating the safety and health 
program and coordinating illness and inquiry reporting and recordkeeping requirements; 
analyzing accidents and injuries for prevention and control; and providing technical advice 
in the implementation of program standards and policy. 

Safety in any laboratory requires continuing attention. Use of new or different techniques,
chemicals, and equipment requires careful reading, instruction, and supervision, and may
require consultation with other people with special knowledge or experience. 

Prevention of laboratory accidents requires positive attitudes toward safety and training,
and suitable information for understanding laboratory and chemical hazards and their 
consequences. 

Responsibility for safety within the laboratories for an organization may be considered to 
exist at three different levels-individual, supervisory (or instructional), and organizational 
(or institutional). 

The division of responsibility needs to be clearly assigned and accepted, steps need to be 
taken to see that the responsibilities are exercised, and the assignments need to be reassessed 
if unexpected problems develop. 

Each individual who works in a laboratory is responsible for learning the health and safety
hazards of the chemicals he will be using or producing, and the hazards that may occur from 
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the equipment and techniques he will employ, so that he can design his setup and 
of any aczident. The individual should investigate anyprocedures to limit the effects 

causes and the preventive measuresaccident that occurs, and record and report the apparent 
that may be needed to prpvent similar accidents. 

The supervisor has the responsibility for giving all the necessary directions, including the 

safety measures to be used, and the responsibility of seeing that employees carry out their 
directs the activities of others has a concurrentindividual responsibilities. Whoever 


responsibility to prevent accidental injuries from occurring as a result of the activities.
 

are a fundamental responsibility toThe organization of which the laboratories part has 
provide the facilities, equipment, and maintenance for a safe working environment and to 

provide an organized program to make the improvements necessary for a safe working 

environment. Unless the organization fulfills its responsibilities, it cannot expect its 
or students to fulfill their responsibilities for laboratory safety.supervisors, employees, 

and health official who isThe Environmental Protection Agency has a"designated safety 
responsible for assuring that formal safety and health inspections are conducted at all EPA 

workplaces. He will notify the Administrator regarding uncorrected safety and health 
deficiencies. 

14.2.1 Formal Safety Inspections 

Formal safety and health inspections at workplaces where there is an increased risk of 

or illness because of the nature of the work performed, as in the case ofaccident, injury, 
chemical operations and material-handling or material-loading operations, must be made by 

a safety and health specialist. A "Safety and Health Specialist" is defined in 29 CFR 
meets the Civil Service standards for the position of Safety1960.2(h) as a person who 

GS-018, Safety Engineer GS-803, Fire Protection Engineer GS-804,Manager/Specialist 
Industrial Hygienist GS-690, Fire Protection Specialist/Marshall GS-081, or Health Physicist 

equally qualified military agency or nongovernmentGS-1306, or who is an employee of an 
organization. 

Formal safety and health inspections need not be made by a safety and health specialist at 
by a person havingworkplaces where there is little risk involved, but should be conducted 

sufficient training and experience in the safety and health needs of the workplaces involved 
the dutiesjibf an inspector as set forth in Executive Order 11807.to adequately perform 

Inspectors should be accompanied on formal safety and health inspections by representa
tives of the officer in charge of the reporting unit being inspected and representatives of the 

employees of such establishments. Management and employee representatives should be 

familiar with and maintain OSHA standards. 

working conditions for EPA employees, safety and healthTo insure safe and healthful 
inspectors are authorized to enter without delay and at reasonable times, any building, 

installation, facility, construction site, or other area, workplace, or enviro'inent where work 

is performed by employees of the Agency, to inspect and investigate during regular working 

hours and at other reasonable times, and within reasonable limits and in a reasonable 
manner, any such place of employment and all pertinent conditions, structures, machines, 
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apparatus, devices, equipment, and materials therein; and to question privately any 

employee, or any supervisory employee, or any officer in charge of a reporting unit. 

14.2.2 Informal Safety Inspections 

An informal safety and health inspection is performed on either a scheduled or unscheduled 
basis by the facility safety officer, regional safety officer, supervisory management, or 
members of a safety and health committee. EPA Form 1440-2, Health and Safety
Inspection Checklist (fig. 14-1 ), shall be used by the inspector or spokesman of a safety and 
health committee conducting the inspection to note safety and health deficiencies identified 
during the inspection process. 

A more detailed checklist for safety evaluation of the laboratory is given in appendix A. 
This inspection list contains many specific recommendations and guidelines for laboratory 
safety. 

14.3 Laboratory Safety Practices* 

14.3.1 Introduction 

14.3.1.1 Safe Use, Handling, and Storage of Chemicals 

Chemicals in any form can be safely stored, handled, and used if their hazardous physical
and chemical properties are fully understood and the necessary precautions, including the 
use of proper safeguards and personal protective equipment are observed. 

The management of every unit within a manufacturing establishment must give whole

hearted support to a well-integrated safety policy. 

14.3.1.2 General Rules for Laboratory Safety 

Supervisory personnel should think "safety." Their attitude toward fire and safety standard 
practices is reflected in the behavior of their entire staff. 

A safety program is only as strong as the woiker's will to do the correct things at the right
 
time.
 

The fundamental weakness of most safety programs lies in too much lip service to safety
rules and not enough action in putting them into practice. 

Safety practices should be practical and enforceable. 

Accident prevention is based on certain common standards of education and training of 
personnel, and provision of safeguards against accidents. 

*This description was prepared by Paul F. Hallbach, Chemist, National Training and 
Operational Technology Center, U.S. EPA, Cincinnati, Ohio 45268. 
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Figure 14-1. Health and safety inspection checklist. 

14.3.2 Laboratory Design and Equipment 

14.3.2.1 Type of Construction 

The construction of the laboratory should generally be fire resistant or noncombustible. 
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Multiple story buildings should have adequate means of exit. 

Stairways should be enclosed with brick or concrete walls. 

Laboratories should have adequate exit doors to perm.t quick, safe escape in an emergency
and to protect the occupants from fires or accidents in adjoining rooms. Each room should 
be checked to make sure there is no chance of a person being trapped by fire, explosions, or 
release of dangerous gases. 
Laboratory rooms in which most of the work is performed with flammable liquids or gases 

should be provided with explosion-venting windows. 

14.3.2.2 Arrangement of Furniture and Equipment 

Furniture should be arranged for maximum use of available space and should provide 
working conditions that are efficient and safe. 

Aisles between benches should be at least 4 ft wide to provide adequate room for passage of 
personnel and equipment.
 

Desks should be isolated from benches or adequately protected.
 

Every laboratory should have an eyewash station and a safety shower.
 

14.3.2.3 Hoods and Ventilation 

Adequate hood facilities should be installed where highly toxic or highly flammable 
materials are used. 

Hoods should be ventilated separately and the exhaust should be terminated at a safe 
distance from the building. 

Makeup air should be supplied to rooms or to hoods to replace the quantity of air exhausted 
through the hoods. 

Hood ventilation systems are best designed to have an airflow of not less than 60 ft/min
(linear) across the face of the hood with all doors open, and 150 ft/min (linear) if toxic 
materials are involved. 

Exhaust fa;as should be sparkproof if exhausting flammable vapors and corrosive resistant if 
handling corrosive fumes. 

Controls for all services should be located at the front of the hood and should be operable
when the hood door is closed. 

All laboratory rooms should have the air changed continuously at a rate depending on the 
materials being handled. 

Recent California OSHA regulations require the presence of a means of visual indication of 
the existence of the airflow in the hood and specify the height and type of hood exhaust 
permitted. 
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14.3.2.4 Electrical Services 

access and thus protectElectrical outlets should be placed outside of hoods to afford easy 
them from spills and corrosion by gases. 

Noninterchangeable plugs should be provided for multiple electrical services. 

Adequate outlets should be provided and should be of the three-pole-type to provide for 
adequate grounding. 

Rubber or nonconductive composition shoe soles should be required (except when 

flammable vapors are present). Shoe soles shou!d not be of a type that readily absorbs water 
or other liquids. 

14.3.2.5 Storage 

Laboratories should provide for adequate storage space for mechanical equipment and 

glassware that will be used regularly. 

not be stored in glass bottles over I I in size. Large quantitiesFlammable solvents should 
should be stored in metal safety cans. Quantities requiring containers larger than I gal 

should be stored outside the laboratory. 

Explosionproof refrigerators should be used for the storage of highly volatile and flammable 

solvents. 

Cylinders of compressed or liquefied gases should not be stored in the laboratory. 

Alphqbgized storage of chemicals should be avoided to prevent the unintentional mixing of 
two incompatible chemicals in an accident situation. 

An appropriate antidote must be readily available for every stored chemical compound for 
which an antidote is specified. 

14.3.2.6 Housekeeping 

Housekeeping plays an important role in reducing the frequency of laboratory accidents. 
Rooms should be kept in a neat and orderly condition. Floors, shelves, and tables should be 
kept free from dirt and from all apparatus and chemicals not in use. 

A cluttered laboratory is a dangerous place to work. Maintenance of a clean and orderly 
work space is indicative of interest, personal pride, and safetymindedness. 

Passageways should be kept cleai to all building exits and stairways. 

Metal containers should be provided for the disposal of broken glassware and should be 
properly labeled. 

for the disposal of wasteSeparate approved waste disposal cans should be provided 

chemicals.
 

14-10 



Flammable liquids not miscible with water and corrosive materials or compounds that are 
likely to give off toxic vapors should never be poured into the sink. 

Laboratory operators must be sure that unguarded rotating equipment such as belt-driven 
vacuum pumps is provided with guards all the way around and that the guards are always in 
place. 

Whenever heavy laboratory equipment must be moved frequently, rollers should be 
provided. In other cases, proper lifting equipment should be available. 

14.3.2.7 Fire Protection 

Laboratory personnel should be adequately trained regarding pertinent fire hazards
 
associated with their work.
 

Personnel should know rules of fire prevention and methods of combating fires.
 

Fire extinguishers (CO2 type) should be provided at convenient locations and personnel
 
should be instructed in their use.
 

Automatic sprinkler systems are effective for the control of fircs in chemical laboratories.
 

14.3.2.8 Alarms
 

An approved fire-alarm system should be provided.
 

Wherever a hazard of accidental release of toxic gases exists, a gas alarm system to warn
 
occupants to evacuate the building should be provided.
 

Gas masks of oxygen or compressed-air-type should be located near exits and selected
 
personnel trained to use them.
 

14.3.3 Handling Glassware 

14.3.3.1 Receiving, Inspection, and Storage 

Packages containing glassware should be opened and inspected for cracked or nicked pieces, 
pieces with flaws that may become cracked in use, and badly shaped pieces. 

Glassware should be stored on well-lighted stockroom shelves designed and having a coping 
of sufficient height around the edges to prevent the pieces from falling off. 

14.3.3.2 Laboratory Practice 

Select glassware that is designed for the type of work planned. 

To cut glass tubing or a rod, make a straight, clean cut with a cutter or file at the point
where the piece is to be severed. Place a towel over the piece to protect the hands and 
fingers, then break away from the body. 
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Large size tubing is cut by means of a heated nichrome wire looped around the piece at the 
point of severance. 

When it is necessary to insert a piece of glass tubing or a rod through a perforated rubber or 
cork stopper, select the correct bore so that the insertion can be made without excessive 
strain. 

Use electric mantels for heating distillation apparatus, etc. 

To remove glass splinters, use a whisk broom and a dustpan. Very small pieces can be picked 
up with a large piece of wet cotton. 

14.3.4 Gases and Flammable Solvents 

14.3.4.1 Gas Cylinders 

Large cylinders must be securely fastened so that they cannot be dislodged or tipped in any 
direction. 

Connections, gages, regulators, or fittings used with other cylinders must not be inter
changed with oxygen cylinder fittings because of the possibility of fire or explosion from a 
reaction between oxygen and residual oil in the fitting. 

Return empty cylinders promptly with protective caps replaced. 

14.3.4.2 Flammable Solvents
 

Store in well-ventilated designated areas.
 

Flash point: the temperature at which a liquid gives off vapor sufficient to form an ignitible
 
mixture with the air near the surface of the liquid or within the vessel used.
 

Ignition temperature: the minimum temperature required to initiate or cause self-sustained
 
combustion independently of the heating or heated element.
 

Explosive or flammable limits: for most flammable liquids, gases, and solids there is a 
minimum concentration of vapor in air or oxygen below which propagation of flame does 
not occur on contact with a source of ignition. There is also a maximum proportion of 
vapor or gas in air above which propagation of flame does not occur. These limit mixtures of 
vapor or gas with air, which if ignited will just propagate flame, are known as the "lower and 
higher explosive or flammable limits." 

Explosive range: the difference between the lower and higher explosive or flammable limits, 

expressed in terms of percentage of vapor or gas in air by volume. 

Vapor density: the relative density of the vapor as compared with air. 
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Underwriter'sLaboratories classification: a standard classification for grading the relative 
hazard of the various flammable liquids. This classification is based on the following scale: 

Ether class 100
 
Gasoline class 90 to 100
 
Alcohol (ethyl) class 60 to 70
 
Kerosene class 30 to 40
 
Paraffin oil class 10 to 20
 

Extinguishing agents that are appropriate for each of the four classes of fires are required. 

14.3.5 Chemical Hazards 

14.3.5.1 Acids and Alkalies 

Some of the most hazardous chemicals are the strong or mineral acids such as hydrochloric, 
hydrofluoric, sulfuric, and nitric. 

Organic acids are less hazardous because of their comparatively low ionization potentials; 
however, such acids as phenol (carbolic acid), hydrocyanic, and oxalic are extremely 
hazardous because of their toxic properties. 

Classification of acids is according to mineral or organic composition. Acids should be 
stored together, except that perchloric acid should not be placed next to glacial acetic acid. 
Picric acid should be stored separately. 

14.3.5.2 Oxidizing Materials 

Oxidizing agents, in contact with organic matter, can cause explosions and fire. They are 
exothermic and decompose rapidly, liberating oxygen, which reacts with organic com
pounds. 

Typical hazardous oxidizing agents are-

Chlorine dioxide
 
Sodium chlorate; chlorates
 
Potassium chromate
 
Chromium trioxide
 
Perchloric acid; perchlorates
 

14.3.5.3 Explosive Power 

Many chemicals are explosive or form compounds that are explosive and should be treated 

accordingly. 

A few of the more common examples of this class of hazardous materials are-

Acetylides
 
Silver fulminate
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Peroxides
 
Peracetic acid
 
Nitroglycerine
 
Picric acid
 
Chlorine and ethylene
 
Sodium metal
 
Calcium carbide
 

14.3.5.4 Toxicity 

Laboratory chemicals improperly stored or handled can cause injury to personnel by virtue 
of their toxicity. 

There are four types of exposure to chemicals: 

a. 	 Contact with the skin and eyes 

b. 	 Inhalation 

c. 	 Swallowing 

d. 	 Injection 

Special classes of toxic agents: 

a. 	 Carcinogens-laboratory operators should recheck the OSHA 1974 regulations on 
carcinogens. 

b. 	 Mercury-complete cleaning of spills is essential for compliance with OSHA limits. 

14.3.6 Precautionary Measures 

14.3.6.1 Clothing and Personal Protective Equipment 

Chemical laboratories should have special protective clothing and equipment readily 
available for emergency use and for secondary protection of personnel working with 
hazardous materials. 

Equipment should be provided for adequate

a. 	 Eye protection 

b. 	 Body protection 

c. 	 Respiratory protection 

d. 	 Foot protection 

e. 	 Hand protection 
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14.3.6.2 Bodily Injure 

Bums, eye injuries, and poisoning are the injuries with which laboratory people must be 
most concerned. 

First emphasis in the laboratory should be on preventing accidents. This means observing all 
recognized safe practies using necessary personal protective equipment and exercising 
proper control over poisonous substances at the source of exposure. 

So that a physician can be summoned promptly, every laboratory should post the names, 
telephone numbers, and addresses of doctors to be called in an emergency requiring medical 
care. 

A consulting physician should specify the type and extent of first aid materials required for 

the laboratory. 

14.4 Report of Unsafe or Unhealthful Condition 

In EPA a procedure has been established for reporting an unsafe or unhealthful condition by 
the employee or supervisor. The procedure also provides for communication between the 
employees; supervisors; safety official; head of the unit; and, in the case of an unresolved 
report, the Department of Labor. 

A sample of an unsafe or unhealthful condition reporting form is shown in figure 14-2, and 
a sample notice of an unhealthful or unsafe condition is shown in figure 14-3. 

14.5 References 

I. Public Law 91-596, Occupational Safety and Health Act of 1970 (Dec. 29, 1970). 
2. Occupational Safety and Health Manual, U.S. EPA (Jan. 8, 1976). 
3. Safety Management Manual, U.S. EPA, TN 1440.1 (Dec. 4, 1972). 
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RNN1440 011 

REPORT OF UNHEALTHFUL OR UNSAFE CONDITION 

r ROMTO 

BRIEF DESCRIPTION OF UNHEALTHFUL OR UNSAFE CONDITION 

OCCUPATIONAL SAFETY AND HEALTH STANDARD VIOLATED 11/1 LOCATION (1,1 ,ude asawrmn.ltnl FodCir) arnd BI~lding, 

ACTION TAKEN BY SUPERVISOR 

EMPLOYING ORGANIZATION 	 DATE 

EPA Forvn 1440-6 IR10. F3.77 PREVIOUS EDITION MAY BE USED UNTIL SUPPLY IS EXHAUSTED. NOTE 	 A COPY OF THIS FORM MUST BE 
RETAINED BY THE ORGINATOR 

SIONATURE 

Figure 14-2. Report of unhealthful or unsafe condition. 
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NOTICE OF UNHEALTHFUL OR UNSAFE WORKING CONDITION 

TO INeme ol Office..Citiareeof RiporttnE Unit) F ROM (Na~ of Inispertfoli 

Occuptlinnl Iltalth and Saret) )fficr 

REPORTING UNIT Walshlnglon I)C 20460 

An inspection conducted by me on at reveaed the 
following violation(ls) of EPA Occupational Health and Safety Standards. These Standards hae been adopted in compliance 

with the Occupational Safety and the Health Act of 1970. PL 91-956. Section 19. 

NO OF WOR1KING DAYS 
ITSM 
NO 

STANDARD. REGULATION 
OR SECTION VIOLATED 

DESCRIPTION OF 
VIOLATION 

LOCATION OF 
VIOLATION 

ByvWHICH VIOLATION 
MUST BE CORRECTED 

AND DATE 

Subpart D of 29CFR 1960.33, Safety and Health Provisions for Federal Employees. requires that a copy of this NotiMePJll 
be posted immediately in 9 prominent place at or near each place that the violationls) referred to in the Notice Occurred The 
Notice must remained posted until all violations cited therein are corrected, or for three (3) working* days. whichever period is 
longer A copy of this Notice shall be sent to the Health and Safety Committee of the establishment or Reporting Unit and to 

any parsonil who made a report of the unhealthful or unsafe condition which precipitated this inspection pursuant tO ine 

provisions of 2ECFR 1960.31. 

Subpart D of 29CFR 1960.34 requires the Officer.in.Charge of the Reporting Unit to immediately submit an aloaerrent Plan 

to the Designated Agency Safety and Health Official, if. in his iudgment, the correction of the violation Will not be possible 
within thirty (301 working days*. Such plan shall contain en explanation of the circumstances of the delay in abatement, a 

proposed timetable for the abatement, and a summary of steps being taken in the interim to protect empioyees A copv of 
the plan shall be sent to the Health and Safety Committee of the establishment or Reporting Unit and to any personsil who 
made a report of the unhealthful or unsafe condition which precipitated this inspection pursuant to the Provis,ons of 29CFR 

1960.31. 

*Under the Occupational Safety and Health Act, the term "Working Day" means Monday through Friday but does not 
include Saturday, Sunday. or Federal Holidays. 

SIGNATURE OF HEALTH AND SAfETv OFFICEi OATf 

EPA HQ Fo r.. 14405 8 771 

Figure 14-3. Notice of unhealthful or unsafe condition. 
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APPENDIX A
 

SUGGESTED CHECKLIST FOR THE SAFETY EVALUATION OF EPA LABORATORY AREAS
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Organization: 

Location: 

Room(s): 

_ Date: 

Building: 

By: 

Item Inspected [ Yes No N.A. Comments 

Fire Prevention 

1. Is fire alarm facility available? [.36(b)(7)] 

2. Are all exits maintained to provide free and unob
structed egress from all parts of building? [.36(b)(4)] 

3. Are all exits free of locks or fastening devices that 
could prevent free escape? 1.36(b)(4)] 

4. a. 
b. 
c. 

Is the fire detection system in working order? 
Is the sprinkler system in working order? 
Are fire doors in working order? [.36(d)(2)] 

5. Are corridors and hallways at least 44 in wide? 
[.37(h)(1)] 

6. 11-) "dlexits discharge directly to a street, yard, 
c,,irt, or other open space? [.37(h)(1)] 

7. Are all exits marked by proper sign and illuminated? 
Are letters in sign not less than 6 in high, 3/4 in 
wide? [.37(q)(8)] 

8. Is access to exits marked in all cases where the exit or 
the way to reach it is not immediately visible? 
I 7 (q)(5)] 

9. Is care taken to insure that no exit signs are obscured 
by decorations, furniture, or equipment? [.37(q)(3)] 

10. Is exit access arranged so that it is not necessary to 
travel toward any high hazard area to escape? 
[.37(f)(5)] 

Note: Adapted from a safety inspection work sheet developed by the Center for Disease Control (CDC). 
The pertinent section of the Code of Federal Regulations, title 29, part 1910 is given within brackets at the 
end of each item. 
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Listed below are explanations given by OSHA to questions that are not immediately clear on the safety 
checklist for laboratory areas. Each explanation is numbered according to the corresponding question on 

the facing page. 

1. 	 Self-explanatory. 

2. 	 Self-explanatory. 

3. 	 At no time should an exit door be locked or fastened in a manner that prevents it from being 

immediately opened from the inside of the building in the event of emergency. Safety inspectors 

should check all doors marked "EXIT" to insure that they can be readily opened. 

4a,b. 	 The building manager should conduct periodic tests (as recommended by the manufacturer or as 

required by local code) to insure proper working order of the fire detection system and the 

automatic sprinkler system. 

4c. 	 Fire doors are designed to be closed in the event of fire. Automatic fire doors normally remain 

open; however, the heat produced by a fire will cause them to close. Regular fire doors are designed 

to stay closed at all times, except for the passage of personnel. No fire door should ever be blocked 

open as this will interfere with its function. Fire doors are typically used to enclose stairways and to 

separate buildings and corridors. 

5. 	 Self-explanatory. 

6. 	 An exit should never discharge into a location that could potentially trap personnel. For example, 

an exit should not discharge into a closed courtyard. 

7. 	 Self-explanatory. 

8. 	 A sign reading "EXIT" or similar designation, with an arrow indicating the direction, shall be placed 
in every location where the direction of travel to reach the nearest exit is not immediately apparent. 

9. 	 Self-explanatory. 

10. 	 In designing and maintaining exit routes from a building, care should e taken to avoid routing 
people through or near a high hazard area. An example of a high hazard area is a corridor or room 
where flammable liquids are stored. 
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Item Inspected 

11. 	 Are aisles maintained clear and unobstructed for 
movement of personnel and fire-fighting equipment? 
[.22(bXl)] 

12. 	 Is all fire protection equipment and apparatus identi
fied with the color red? [.144(a)(1 )] 

13. 	 Are portable fire extinguishers maintained fully 
charged and operable and kept in designated places at 
all times? [.157(a)(1)] 

14. 	 Are fire extinguishers conspicuously located, readily 
accessible, and available along normal paths of travel? 
1.1 57(a)(2)] 

15. 	 Are extinguishers and locations conspicuously 
marked to indicate intended usage? [.157(a)(4)] 

16. 	 Are extinguishers mounted so that the top is not 
more than 5 ft above floor; not more than 31/ ft if 
weight equals mor than 40 lb? [.157(a)(6)] 

17. 	 Are all extinguishers mounted in cabinets placed so 
that the instructions face outward? [.157(a)(7)] 

18. 	 Are extinguishers available suited to the class of fire 
anticipated in each area? [.157(b)(1)] 

19. 	 Are extinguishers placed according to distances for 
proper coverage?
 
Within 75 ft-class .
 
Within 50 in-class B. [.157(c)]
 

20. 	 Are extinguishers inspected, maintained, and re
placed by spares when they are discharged or miss
ing? [.157(d)] 

21. 	 Are laboratory rooms with potential fire hazards 
equipped with prop-., extinguishers for emergency 
situations? [.157(b)] 

22. 	 If flammable liquids are used in a laboratory, is the 
mechanical ventilation sufficient to remove vapors 
before they reach a hazardous concentration? 
1. 06(e)(2)(iii)] 
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11. 	 Self-explanatory. 

12. 	 Self-explanatory. 

13. 	 Self-explanatory. During a safety inspection all fire extinguishers should be checked aginst the 

requirements of this question. 

14. 	 Fire extinguishers should never be located in places where they are concealed from general view. 

15. 	 Fire extinguishers must be clearly labeled to indicate the type of fire they are capable of fighting. 

The following code is used to classify types of fires: 

Class A -fires in ordinary combustible materials such as wood, cloth, paper, and rubber 

Class B-fires in flammable liquids, gases, and greases 
Class C-fires that involve energized electrical equipment where the electrical nonconductivity 

of the extinguishing medium is of importance; when electrical equipment ir deenergized, 

extinguishers for class A or B fires may be safely used 

Class D-fires in combustible metals such as magnesium, titanium, zirconium, sodium, and 

potassium 

16. 	 Inspector should make certain that no fire extinguishers (other than wheeled-type extinguishers) are 

placed on the floor. 

17. 	 Self-explanatory. 

18. 	 See explanation to question No. 15 for classification of fire hazards. Fire extinguishers (of more 

than one type, if necessary) should be selected and located according to anticipated fire hazards. 

19. 	 Self-explanatory. 

20. 	 Self-explanatory. 

21. 	 In certain instances, laboratories can be fire traps. When this is the case, fire extinguishers should be 

provided inside the laboratory so that occupants can fight their way out of a fire emergency. Safety 

inspectors should check for escape routes to the nearest corridor when considering this question. 

22. 	 Self-explanatory. 
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Item Inspected 	 Yes JNo N.A. Comments 

23. 	 Are hose outlets within easy reach of persons stand
ing cn floor and not over 6 ft from floor?
 
[.1 58(b)(1)(i)]
 

24. 	 Do all connections on dry standpipes have a sign
 
reading "DRY STANDPIPE-FOR FIRE DEPART-

MENT USE ONLY"? [.158(b)(7)]
 

25. 	 Are automatic sprinkler systems provided with at
 
least one fire department connection with at least
 
4-in pipe size? 1.159(b)(l)]
 

26. 	 Are fire department connections designated "AUTO
 
SPKR" or "OPEN SPKR"? [. 1 59(b)(4)(v)]
 

27. 	 Is there a water flow detection device on the sprin
kler system that will activate the fire alarm? 
[.159(c)(1)] 

28. 	 Are fire alarm boxes readily accessible and within 
normal path distance of 200 ft? [.163(b)(3)] 

29. 	 Are all fire alarm systems inspected and tested at 
weekly intervals? [.163(c)) 

30. 	 Are "NO SMOKING" signs posted in prohibited 
areas? [.106(d)(7)(iii)] 

Flammable Liquid Storage 

31. 	 Are drums which contain flammable liquids con
structed of noncombustible materials? 
[.1 06(b)(1)(i)] 

32. 	 Are storage drums vented? [.106(b)(2)(iv)] 

33. 	 Are flammable liquids stored in proper containers? 
[.1 06(d)(2)(i)] . ' 

34. 	 Are safety cans and portable containers of flammable 
liquids painted red with yellow band or name of con
tents? [.144(a)(I)(ii)] 

35. 	 Are storage cabinets being used for storing flammable 
liquids? 1.106(d)(3)] 

36. 	 Are storage cabinets labeled "FLAMMABLE-KEEP 
FIRE AWAY"? [. 06(d)(3)(ii)] 
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23. 	 This question applies to buildings equipped with water and hose standpipe systems. Hose outlets are 
normally located in stairways or in the corridor imrediately outside the stairway. 

24. 	 Self-explanatory. The building manager should be able to answer this question. 

25. 	 Fire department connections to automatic sprinkler systems are normally located on the outside of 

the building being protected. The size of the connection is usually embossed on a metal plate or on 

the connection itself. 

26. 	 The designations "AUTO-SPKR" or "OPEN-SPKR" are found embossed on a plate at the fire 
department connection. Failure to display one of the designations is a violation of OSHA. 

27. 	 This question is self-explanatory. The building manager should know if the facility is equipped with 
a sprinkler waterfiow detection device. 

28. 	 Self-explanatory. 

29. 	 This procedure should be part of a regular maintenance program. 

30. 	 The laboratory supervisor shall designate areas where smoking is prohibited and "NO SMOKING" 
signs shall be placed in these areas. 

31. 	 Flammable liquid storage drums should be constructed of steel or some other noncombustible 
material. 

32. 	 Self-explanatory. 

33. 	 Flammable liquids may be safely stored in glass containers if the total capacity of the container is I 
gal or less. Larger quantities of flammable liquids should be stored in safety cans approved by a 
recognized testing laboratory. 

34. 	 Self-explanatory. 

35. 	 Self-explanatory. 

36. 	 Self-explanatory. 
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Item Inspected 	 Yes No N.A. Comments 

37. 	 Is the storage area provided with either a gravity or
 
mechanical exhaust ventilation system?
 
[.106(d)(4)(iv)]
 

38. 	 Are extinguishers available where flammable or com
bustible liquids are stored? [.106(d)(7)] 

39. 	 Is at least one portable fire extinguisher of rating not 
less than 12-B units located outside of, but not more 
than 10 ft from, door opening into room used for 
storage? [.106(d)(7)(i)(a)] 

40. 	 Is at least one portable fire extinguisher with rating 
not less than 12-B units located not less than 10 ft 
nor more than 25 ft from flammable liquid storage! 
located outside of a storage room but inside of a 
building? [.106(d)(7)(i)(b)J 

41. 	 Are "NO SMOKING" signs posted in the flammable 
or combustible liquid storage areas? [.106(d)(7)(iii)] 

Electrical Hazards 

42. 	 Are all new electrical installations and all replace
ments, modifications, or repairs made and being 
maintained in accordance with the National Electri
cal Code? [.3091 

43. 	 Does the interior wiring system have a grounded con 
ductor? i.e., three-wire system? [.309-NEC(200-2)1 

44. 	 Do all electrical appliances have Underwriter's Labo
ratories Inc. approval, or that of some other na
tionally recognized testing laboratory? 
[.309-NEC(90-8)] 

45. 	 Are the cords of all electrical equipment in good 
condition, not frayed or spliced, etc.? 
1.309-NEC(400-5)] 

46. 	 Are cords used properly (not run under rugs)? 
[.309-NEC(400-4)] 

47. 	 Is there only one plug-in per socket outlet; i.e., no 
multiple plug-ins to one socket? 1.309-NEC(240-2)] 

48. 	 Are the lighting levels such that good illumination i. 
provided in all walking, working, and service areas to 
insure safety? [.309-NEC(l 10-16(e))] 
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37. 	 The building manager or engineering department should know the answer to this question. 

38. 	 Self-explanatory. Fire extinguishers approved for fighting class B fires should be available in 
flammable liquids storage areas. 

39. 	 This question is self-explanatory but should be reread several times for full comprehension. Fire 
extinguisher retings are often stamped on the title plate along with other specifications. Note: This 
question is to be used only when inspecting flammable-liquid storage rooms. 

40. 	 This question is self-explanatory, but should be reread several times for full comprehension. Note: 
This question is to be used only when inspecting flammable liquid storage outside of a special desig
nated room, but inside of a building. 

41. 	 Self-explanatory. 

42. 	 Prior to adding any new electrical facilities to a laboratory, it is the responsibility of the laboratory 
supervisor or building manager to check with the electrical contractor to insure that the National 
Electrical Code is observed. This rule is retroactive to Mar. 15, 1972. 

43. 	 All convenience outlets shall be of the three-pronged type. These outlets should be checked with a 
grounding tester to insure proper wiring. 

44. 	 Approved appliances will bear the label of a recognized testing laboratory. 

45. 	 Self-explanatory. 

46. 	 Self-explanatory. 

47. 	 Multiple outlet (cube) adaptors or extension cords with multiple outlet ends should not be used to 
plug more than one appliance into a single socket. 

48. 	 Self-explanatory. 
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Item Inspected Yes No N.A. Comments 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

Are circuit breaker panels and cutoff switches 
located so as to be readily accessible? 
[.309-NEC(240-25(b)) and (1926.400(e))] 

Are all circuit breaker switches marked or labeled? 
[.309-NEC(240-25(e))) 

Aisles, Exits, Floors, and Stairways 

Are all floors kept clean and dry? 1.22(aX2)] 

Are all floors, areas, and passageways free from pro
truding nails, splinters, holes, and loose boards? 
[.22(aX3)] 

Are aisles and passageways clear of all obstructions 
and in good repair? [.22(b)(1)] 

Are aisles and passageways wide enough to operate 
equipment safely? [.22(b)(1)] 

Is floor loading within posted maximum limits? 
[.22(d)] 

Does every floor opening having standard guarded 
railings? [.23(a)(1)] 

57. Do fixed stairs make an angle to the horizontal be
tween 300 to 500? 1.24(e)] 

L'4 

58. Are all opensided floors, platforms, ramps, 4 ft above 
adjacent floor or ground, guarded with railing? 
[.23(c)( 1)) 
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49. 	 Circuit biz.kker cabinets should never be locked. 

50. 	 Each circuit breaker switch shall be labeled as to the lights, outlets, or appliances it controls. 

51. 	 Self-explanatory. 

52. 	 Self-explanatory. 

53. 	 Self-explanatory. 

54. 	 Self-explanatory. 

55. 	 Safe floor loadings must be posted and observed in all buildings and on all floors. 

56. 	 Specifications for standard railing: A standard railing shall consist of a top rail, intermediate rail, 
and posts. It shall have a vertical height of 42 in nominal from upper surface top rail to floor, 
platform, runway, or ramp level. The top rail shall be smooth surfaced throughout its length. The 
intermediate rail shall be approximately halfway between the top rail and the floor, platform, 
runway, or ramp. 

Specifications for standardrailing to be used on stairways: A stair railing shall be of construction 
similar to a standard railing (for a floor opening), but the vertical height shall not be more than 34 
in nor less than 30 in from upper surface of top rail to surface of tread in line with face of visor at 
forward edge of tread. 

57. 	 All fixed stairways must rise at an angle within the limits shown: 

ACCEPTABLE SAFE ZONE 

50 

300 HORIZONTAL 

58. 	 Self-explanatory. 
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Item Inspected 	 Yes No N.A. Comments 

59. 	 Are flights of stairs having four or more risers 
equipped with railings or handrails? [.23(d)(1)] 

60. 	 Are stair treads reasonably uniform and slip resist
ant? 1.24(f)] 

61. 	 Are all places kept clean and orderly and in a sanitary 
condition? 1.141(a)(l Xi)] 

62. 	 Are trash receptacles of approved use? [.14 1(a)(3)] 

63. 	 Is every enclosed work place so constructed and 
maintained to prevent entrance and harborage of 
rodents, insects, and vermin? 1.141 (a)(4)] 

64. 	 Is drinking water potable and available within 200 ft 
of location at which employees work? 
1.141 (b)(1 )(i)] 

65. 	 Are toilet facilities adequate for both sexes and in 
accordance with regulations listed? 1.141 (c)( I )1 

66. 	 Are toilet rooms constructed so that each water 
closet occupies a separate compartment equipped 
with door, latch, and clothes hanger? 1.141 (c)(2)(i)] 

67. 	 Does door to toilet room have a self-closing device, 
and is entrance screened so interior is not visible 
from outside? 1.141(e)(2)(iii)] 

68. 	 Does every water closet have a hinged open-front seat 
made of nonabsorbent material? 1.141 (c)(3)(ii)] 

69. 	 Are suitable washing facilities available and main
tained in a sanitary condition? 1.141 (d)(l)] 

70. 	 If employees are allowed to lun~hjpn the premises, is 
an adequate space provided for that purpose? 
[.141(g)(2)] 

7!. 	 Are adequate waste disposal containers provided? 
1.141(g)(2)] 

72. 	 Are change rooms provided for each sex where it is
 
necessary to change clothes? 1.141 (e)(l )]
 

73. 	 Are change rooms provided with separate storage
 
facilities for street clothes and protective clothing?
 
[.141(e))
 

74. 	 Are noise levels acceptable? 1.951 
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59. 	 Self-explanatory. 

60. 	 Stair treads should be free of cracks and other uneven areas. 

61. 	 Self-explanatory. 

62. 	 Trash receptacles used for garbage disposal should be equipped with tight-fitting lids. 

63. 	 Self-explanatory. 

64. 	 Self-explanatory. 

65. 	 Self-explanatory. 

66. 	 Self-explanatory. 

67. 	 Self-explanatory. 

68. 	 Self-explanatory. 

69. 	 Suitable washing facilities consist of a lavatory with hot and cold water, a suitable cleansing agent. 
and individual hand towels. 

70. 	 Self-explanatory. Employees are not permitted to eat in any laboratory that uses agents that are 
dangerous to health if ingested. It is the responsibility of the laboratory supervisor to enforce, this 
rule. 

71. 	 Self-explanatory. 

72. 	 Self-explanatory. 

73. 	 Self-explanatory. 

74. 	 If any employees are exposed to noise levels greater than 90 dB at any time"during the day. a safety 
expert should be consulted to determine if corrective measures need to be taken. 
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Item Inspected 	 Yes No N.A. Comments 

75. 	 Is necessary protective equipment provided, used, and 
maintained in a sanitary, safe, and reliable condition? 
[.132(a)] 

76. 	 Are eye protectors provided where machines or 
operations present the hazard of flying objects, glare, 
liquids, radiation? [.133(a)] 

77. 	 Are sufficient washing facilities (including eye washes 
and deluge showers) available fhr all persons required 
to handle liquids that may bum, irritate, etc.? 
1.15 1(c)] 

78. 	 Are employees in the area exposed to air contami
nants only in acco. dance with proper limits?
 
[.I 34(a)(I)]
 

79. 	 Is a respiratory protection program used where 
needed? [.134(a)(2)] 

80. 	 Are written standard 'Terating procedures governing 
the selection and use of respirators established?
 
[.134(b)(1)J
 

81. 	 Has the user of the respirator been instructed and 
trained in the proper use and limitations of the respi
rator? [. 34(b)(3)) 

82. 	 Are respirators regularly cleaned, disinfected, in
spected, and stored in a convenient, clean, and sani
tary location? [.134(b)(5)]
 

83. 	 Has the person assigned the task requiring a respira
tor been determined physically able to perform the
 
work and use the equipment by the local physician?
 
[.134(b)(I 0)]
 

84. 	 Are breathing gas containers marked in accordance 
with the American National Standards identifying
 
contents? [.134(d)(4))
 

85. 	 Can gas mask canisters be identified by properly 
worded labels and color code or atmospheric con
taminant? [.134(g)( 1)1
 

86. 	 Is the compressor for supplying air to respirators
 
equipped with necessary safety and standby equip
ment? [.134(d)(2)(ii)]
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75. Protective equipment, including personal protective equipment, shall be provided, used, and 
maintained in a sanitary and reliable condition wherever work-associated hazards may cause injury 
or impairment in function of any part of the body through absorption, inhalation, or physical 
contact. Laboratory supervisors should recognize such hazards and take the action necessary to 
insure that employees use adequate personal protection to avoid injury. 

76. 	 Safety glasses or goggles may be obtained through the CDC Safety Office. 

77. 	 All laboratories using liquids that may burn or irritate must be equipped with some type of 
emergency eye wash equipment. 

78. 	 If laboratory supervisors have any questions concerning safety concentrations of air contaminants, 
they should contact the CDC Office of Biosafety. 

79. 	 Respirators that are applicable and suitable for the purpose intended shall be provided when such 
equipment is necessary to protect the health of employees. The CDC Office of Biosafety will 
provide the proper respirators for a given hazard. 

80. 	 Self-explanatory. 

81. 	 Self-explanatory. 

82. 	 Self-explanatory. Respirators should be cleaned and disinfected after each use. 

83. 	 Self-explanatory. 

84. 	 Self-explanatory. 

85. 	 Self-explanatory. 

86. 	 Compressors for breathing air should be equipped with receivers of sufficient capacity to enable the 
respirator wearer to escape from a contaminated atmosphere in the event of compressor failure; 
alarms to indicate compressor failure and overheating shall be installed in the system. 
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Yes No N.A. CommentsItem 	Inspected 

87. 	 Is each employee who works in an area where radio

active material is used furnished and wearing film 

badge? [.96(d)(2)] 

88. 	 Is radiation exposure of individuals to the body 

limited to 1/4 reins per calendar quarter? [.96(b)] 

89. 	 Is each radiation area posted with the proper radia

tion caution sign? [.96(e)(2)] 

90. 	 Are all radiation area employees instructed in the 

safety problems, precautions, and devices to mini

mize exposure? [.96(i)] 

91. 	 Are records maintained of the radiation exposure of 

all employees who are monitored? [.96(n)] 

92. 	 Are radioactive materials stored and disposed prop

erly? Are storage containers labeled? [.96(j,k)] 

Compressed Gases 

93. 	 Is each portable gas container for gases such as hy

drogen legibly marked with the name of -ontents?
 

1.252(a)(2)(i)(a)]
 

94. 	 Are compressed gas cylinders determined in safe con

dition by visual and other inspection required in
 

regulations? [.101(a)]
 

,,5. 	 Does the compressed gas cylinder or tank have an
 

installed pressure relief device? [.101(c)]
 

96. 	 Are all compressed gas cylindeis stored and secured
 

so they cannot fall? [.252(a)(2)(ii)(b)J
 

97. 	 Are protection caps in place on compressed gas cylin

ders except when in use? 1.252(a)(2Xii)(d)]
 

98. 	 Is each mobile hydrogen supply unit secured to pre

vent movement? 1.103(b)( 1)(iv)(e))
 

99. 	 Is the hydrogen storage area permanently marked 

"HYDROGEN-FLAMMABLE GAS-NO SMOKING
 

OR OPEN FLAMES"? [.103(b)(l)(v)I
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87. 	 Self-explanatory. 

88. 	 Self-explanatory. 

89. 	 Self-explanatory. 

90. 	 Self-explanatory. 

91. 	 Self-explanatory. 

92. 	 Self-explanatory. 

93. 	 Self-explanatory. 

94. 	 Deep dents or heavy corrosion of a gas cylinder might indicate a dangerous situation. 

95. 	 Self-explanatory. 

96. 	 When either storing or moving a compressed gas cylinder, care must be taken to prevent the cylinder
from falling. OSHA requires that compressed gas cylinders either be chained or strapped in an 
upright position at all times. 

97. 	 Self-explanatory. 

Preface to Questions 98 through 107 

A gaseous hydrogen system is one in which the hydrogen is delivered, stored, and discharged in the gaseous
form to the consumer's piping. The system includes stationary or movable containers, pressure regulator.s.
safety relief devices, manifolds, interconnecting piping, and controls. The system terminates at the point
where hydrogen at seivice pressure first enters the consumer's distribution piping. Systems having a total 
hydrogen content of less than 400 ft 3 are not covered by the following questions. 

98. 	 Mobile supply units should be strapped or chained to prohibit movement. 

99. 	 Self-explanatory. 
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100. 

101. 

102. 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

Item Inspected Yes No N.A. Comments 

Is the hydrogen system in an adequately ventilated 
area? (.1 03(b)(2)(ii)(d)(1)] 

Is the hydrogen system 20 ft from stored flammable 
materials or oxidizing gases? [.103(b)(2Xii)(dX2)] 

Is it 25 ft from open flames, electrical equipment, or 
other sources of ignition? (.103(bX2)(ii)(d)(3)] 

Is it 25 ft from concentrations of people? 
[. I03(b)(2)(ii)(d)(4)] 

Is it 50 ft from intakes of ventilation or air
conditioning equipment and air compressors? 
[.1 03(b)(2)(ii)(d)(5)] 

Is it 50 ft from other flammable gas storage? 
[.1 03(b)(2)(ii)(d)(6)J 

Is it protected from damage due to falling objects or 
working activity in the area? [.103(b)(2)(ii)(d)(7)] 

Are safety relief devices arranged to discharge up
ward and unobstructed to the open air and prevent 
impingement of gas upon container, adjacent struc
ture, or personnel? 1.109(bXl )(ii)(b)] 

Storage 

Is storage of material stable and secure against slid
ing, collapse, falls, or spills? 1.176(b)] 

Are storage areas kept free from accumulation of 
materials that constitute hazards from tripping, fire, 
explosion, or pest harborage? [.176(e)] 

Are dangerous parts of machines or energized equip
ment, which may injure, colored orange where ex
posed? [.144(a)(2)] 

Is yellow the color used for designating physical 
hazards and caution in the particular environment? 
[.144(a)(3)] 

Is the color green used to designate "SAFETY" and 
location of first aid equipment? [.144(a)(4)J 

Is purple the color used to designate radiation 
hazards? (.144(a)(6)J 

Are the colors black and white used for traffic and 
housekeeping markings? [.144(a)(7)] 
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100. 

101. 

102. 

103. 

104. 

Self-explanatory. 

Self-explanatory. 

Self-explanatory. 

Self-explanatory. 

Self-explanatory. 

105. 

106. 

107. 

Self-explanatory. 

Self-explanatory. 

Self-explanatory. 

108. 

109. 

Self-explanatory but very important. 

Self-explanatory. 

110. Self-explanatory. 

111. Self-explanatory. 

112. 

113. 

114. 

Self-explanatory. 

Self-explanatory. 

Self-explanatory. 
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Item Inspected Yes No N.A. Comments 

115. Are all accident prevention signs used to minimize 
workplace hazards? I.145(e)(e)] 

116. Are all exposed steam and hot water pipes within 7 ft 
of floor or working platform covered with an insulat
ing material or guarded? [.264(e)(4)(iii)] 

117. At all loading docks employing powered industrial 
trucks, are wheel chocks used to prevent trailers or 
railroad cars from rolling? [.1 78(k)( 1)] 

118. Is medical help readily available through personnel 
and first aid supplies approved by consulting physi
cian? [.151(b)] 
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MICROBIOLOGY LECTURES 1 

Introduction to 
Microbial Ecology 

Defining the scope of 

MicrobialEcolo;D, 


At the outset. we should define the meaning ofmi'crohial e(ology and the scope of this field ofscience. The term "'ecology" is derived from the
Greek words oitos (household or dwelling) andlogos (law). Thus. ecology i% the "law of thehousehold," or by its contemporary definition.
the science that explores the interrelationships
between organism% and their li.ing (biotic) andnonliving (abiotici environments. Microbial ecol-ogy is the science that specifically examines therelationhips bctssccn microorganism%and theirbiotic and abiotic environments, 

The term "ecology" %%afirt used by the
German biologist E'rnest Haeckel in 1866. Iut 
.. microbial ecolog. '' came ino frequent use onlyin the carl, 196(,. [lhe citrict popularity of thisterm and the rapid development of this field inthe last 25 year%relate to a general awarenessof ecology and the role of microorgani,,ms inmainlaining a high level of cnvironmental quality. 

The unprecedented spurt of technological andeconomic growth in industry that followed theconclusion of World War II. and an accompanying
mood of boundles, espectation,, gradually gave
way to a feeling of alaiim oscr population cx-

3 

plosion, deterioration of the environment, and 
rapid depiction of nonrenewable natural resources.Mankind, having acquired almost limitless powers
to subdue and exploit the earth, appeared neither
able to control its own population size. nor to manage the limited resources of "'Spaceship
Earth" in a wise and sustainat fashion. Grim,hut quite credible. scenarios of imnending disaster%keredrawn up b%groups of cientil,,and economi,,, %,hoattempted to project recent population.
conumption, and pollution trend, into the nearfuture. Proposed remedies strescd p.pulationcontrol, limit,; to technological and economic
growth, pollution abatement, and incrcacd reliance on renessable resources for energy and 
rw materials. Such ideas were precnted in books
understandable to large segment% of ,ociety and
had notable effect-, on socictal attitude%and onlegisIlion. Chanyes in ,ocictal .ittitudcs led to'arious forms of .tipollution legislation. conservalion 
 and consumcr acti .ism. and to !heformation of the United States Environmcnal
Protection Agency (EPA) and other environmen
tal regulatory bodies around the world. Various
legilative acti ns on air pollution. -ater pollution.and strip mining "%ere enacted to cons.ene natural resources and io protect human health against
deterioraiing en .ironmental quality. 

The desiic of a responive segmcnt of society 



titroduction to Microbial Ecvlog' 

,harmony with nature, rather than to 
changed the once rather esoteric con-

cology into a common household word 
laited a broad interest in this branch of 
Microbial ecology emerged as an en-

,tid dynamic branch of science in this 
,'datmosphere because it was recognized 
toorganisms occupy a key position in 
,Ivflow of materials and energy through 
t ecosystem by virtue of their metabolic 
to transform organic and inorganic 

,cs. 
environmental persistence of various 

chemicals and plastics, biomagnification 


ants, eutrophication, acid mine drainage, 

pollution of wellwater, methylation of 
* ozone-depleting nitrous oxide in the 
,-re. and a plethora of other environmental 
, reflect unfavorable and unintended in-
,tof human activities with the microbial 
cnt of the global ecosystem. At the same 
.roorganisms are crucial in solving some 

crooranism 
pressing environmental and economic 

is, such as the proper disposal of various 
ld solid wastes, relief of nitrogen fertilizer 

-.food, feed. and fuel production from 
icts and waste materials, recovery of 
trom low-grade ores, biological control 
.etc. These and many other practical 
ions make microbial ecology a highly 
and exciting subject for study. 

ical Ovtv .ew 

-h the widespread use of the term "'mi-
ecology" is rather recent, ecologically 
,Iresearch on microbes was performed as 
- their exi!Rence was realized. Much of 
-earch was identified as soil or aquatic 
iotogy. but general microbiology, too. 
lied much to the understanding of mi-
activities that are crucial to the balance 
c. We need recognize, however, that some 

microbiological approaches that are often con-
sidered fundamental to the study or microbes. 
such as the isolation of pure cultures and their 
cultivation on synthetic media, arc not conducive 
to ecological observations of the type that the 
general ecologist can readily make on plant%and 
animals in their natural environments. It is. 
therefore, no, surprising that some important ob-
servations relating to microbial ecology either 
predated the pure culture technique, or were made 
later by investigators who unwittingly or of ne
cessity dealt with mixed microbial populations 
rather than with pure cultures. 

The Beginnings(a) 

Although microbes were probably the first livingorganisms on earth, it was not until the mid-

seventeenth century that the advent of the mi-
cioscope permitted their observation. During this 

period. Robert Hooke. an English experimental
philosopher, described his microscopic obser-
arespherical
vations of fungi and protozoa (Hooke. 1665). It 
was Antonie van Lecuwenhoek in the 1680s. 
however, who was the first to glimpse and record 
the multitude and diversity of the previously hid-
den world of microbes, including such small forms 
as yeasts and some bacteria (Doell. 1932). 
Lecuwenhoek. an amateur scientist and micro
scope maker in Delft (Holland). used simple but 
powerful lenses to tediously observe the otherwise 
invisible microbes. His observations, including 
detailed and recognizable drawings (Figure 1.1) 
(Leeuwenhoek. 1683). were recorded in a series 
of letters he sent between 1674 and 1723 to the 
Royal Society in London. Through the Pro-
ceedings of the Royal Society his discoveries, 
which otherwise might have been lost, were rap-
idly disseminated. Leeuwenhoek's reports in-
eluded descriptions of microbes in rainwater (mi-
crobes in their natural habitats) and the effects 
of pepper on microbes (environmental influences 
on microbes). thus providing not only the earliest 
descriptions of bacteria, but also the earliest 
studies on microbial ecology, 

Historical Oavl'es , 

c-

b b 

_ ,..Dr./. 


.
 
Ir 

, Fr 
a b c 

(b) (c) 

nca7zE 1.1 a)
Anttole vanLerWie nhoek (1632.-1723) devloped simpe, butpoaeifij mtrcroscpe 
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After Leeuwenhoek. little additional progress Despite the growing experimental evidence 
in the development of the science of microbiology against their views, advocates of the spontaneous 
took place until the rum of ihe eighteenth century, generation theory, who claimed that microor
when the Italian naturalisi Lazzarro Spallanzani, ganisms arise spontaneously and as a result of 
debating the then prevalcut view of spontaneous putrefaction of organic substrances. were not 
generation, produced experimental evidence convinced and tried to explain Spallanzani's ex
showing that putrefaction of organic substrates periments by the partial removal of air during 
is caused by minute organisms .hat do not arise the heat treatment. In retrospect the idea may 
spontaneously, but multiply by cell division, seem rather strange to us. yet in the first half of 
Spallanzani showed that heating destroys these the nineteenth century even such eminent sci
organisms and that sealing the containers after enlists as the German chemist Justus Liebig firmly 
heating prevents spoilage indefinitely. Heating,. believed that yeasts and other microoganisms 
however, did not always prevent putrefaction, were products rather than the causative agents 
The heat resistance of bacterial endospores, un- of fermentations (Liebig. 1839). 
known at that time. contributed to inconsistent Using slightly different experimental proto
and confusing results (Kruif.1926; Bulloch. 1938). cols. Cagniard-Latour (1838). Theodor Schwann 
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+inedrich Kuntzing (1X37) sought to 
li theory of spontaneou, generation. 
till reaching the conclusion that al-

:rnicntations were caused by living 
,mcroorganisms (yeasts). Experiments 
*nn and later by Tyndall clearly impli-
,,rnc microorganisms as agents of sub-
,odage in heat-sterilized media, but the 
•,%dragged on until the classic exper-
1'ateur silenced even the most obstinate 
of the spontaneous generation theory. 

- Louis Pasteur. who. in a beautifully 
,cs of experiments (1860-1862). utterly 

-d the theory of spontaneous generation 
1961), reportedly stating "No more shall 

of spontaneous generation ever rear 
;cad again."By direct microscopic ob-

as well as by cultural methods, he 
ited the presence of microorganisms in 
id their role in initiating fermentation 
c in presterilized media. Pasteur placed 
',r. sugared yeast water, urine, sugar 
. and pepper water into ordinary flasks. 
cshaped the necks of the flasks so that 
several curves in each neck, resembling 

* neck." By using curved ends. Pasteur 
'e the flasks open to the air, thus over-
major criticism of previous experiments 

disproving spontaneous generation where 
'.sential life force." had been excluded, 
',oiled the liquids until they steamed 
he necks. Dust and microbes settled out 
, ved necks of the flasks and thus. while 
to air. the broth did not become con-
I with microorganisms. Contrary to the 
-f those who believed in spontaneous 
-it. no change or alteration appeared it. 
AI.These flasks, still sterile, were later 
id may be seen at the Pasteur Institute 

. efforts to disprove spontaneous gen-

'asteur found a powerful ally in the En-
.%iclst. John Tyndall (1820-1893). who 
i :tedthat"opticallyclear"particle-free) 
not cause spoilage of sterile media and 

solved the nagging problem of heat resistant bac
terial cndosporcs by discontinuous heat treatments 
(Tyndall. 1877). This technique resulted in ger-
mination of endospores and their destruction upon 
a subsequent heating, thus accomplishing the re
liable sterilization of all media at 100-C. 

One year before Tyndall devised his steri
lization method by intermittent heating. Ferdinand 
Julius Cohn (1876). professor of botany at the.A 
University of Breslau. Germany. described the 
endospores of Bacillus subtilis and their heat
resistant properties. He began efforts to establish 
the taxonomy of bacteria and was the first scientist 
to recognize and encourage the work of Robert 
Koch on the cause of anthrax. He recognized 
that microorganisms have constant and charac
teristic morphology, a view not shared by nany 
uncritica! investigators who, observing a succes
sion of forms in their impure 'cultures. believed 
them to be one and the same organism. 

'Me Pure Cuture Period 

The mainstream of microbiology from 1880 to 
the middle of the twentieth century was over-
whelmingly influenced by the towering figures of 
Louis Pasteur and Robert Koch (Figure 1.2). A 
large portion of Pasteur's and Koch's work was 
oriented towards the most pressing practical 
problems of their time. Louis Pasteur was trained 
as a chemist and was prompted to begin his mi
crobiological studies because of the problems of 
vine growers, brewers, distillers, and vinegar 
makers. His studies on fermentations between 
1857 and 1876 clearly established microorganisms 

as the causative agents of the various fermentation 
processes. Both Pasteur and Koch also devoted 
much of their efforts to examining the role of 
microbes as causative agents of infectious diseases 
and to the prevention of such diseases through
immunization and sanitation measures. 

The ability to determine the etiology (cause) 
of disease depended on the development of ap-
propriate techniques and methodological ap-
proaches. Koch and his coworkers developed 
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tLats Pastur 8Z-I895). noted for numerous accompishments in mirrohto11go. He

demo~iahed the theor% of spontaneous generation. demonstrated the microbial orgit r
%-iou fermentations and dlkew,. and contributed ii the development of Immuniza

ion b.%use of attenuated microorganism. (Courts. of .ational Ubran of Medicine.) 
FIGURE 2.2 (b) 
Robert Koch (1843-1910) made major contributions to the development of purr cul
ture technique and the field of medical mh-robltok%. (Caurtey oi National Ubrutc 

simple methods for the'isolation and maintenance and reproducible manner. The importance of this 
of pure microbial cultures on solid media (Koch. advance was monumental and transformed mi
1883). Previous attempts to obtain pure cultures crobiology from a chancy art into an exact science. 
by dilution or on slices of boiled potato were Many of the pure culture techniques devised by 
cumbersome, uncertain, and not generally ap- Koch are being used today, a hundred years later. 
plicable. Gelatin and later agar. which were uti- without any substantial modification.
lized by Koch to solidify liquid media of any Koch's pure culture techniques established 
desired composition, were eminently suitable for a trend in microbiology that has had a profound
the unequivocal identification of disease-causing influence on the approach used by microbiolo

agents. More broadly, it allowed microbiologists gists-first iso!ate a pure culture and then see 
to separate out a microbial type from a heter- what it does. The terse statement by Oscar Brefeld 
ogenous community and study its activities. re- (1881) "work with impure cultures yields nothing 
moved from complex interactions, in an exacting but nonsense and Penicillium glauctim' is a good 
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Mry of this attitude, and f'ew microbiologists
A argue with its wisdom even today. Un-
tiately this approach provides little oppor-

for the observation of interactions between
organisms and their biotic and abiotic sur-

lings. that is. this approach has limited value 
* rohial ecology. We should remember that
thibition zone around a chance Penicillium 
ininant on a Staphylococcus culture, per-
I and correctly interpreted by Sir Alexander 
ing. sparked the line of investigations that
"ally-yielded penicillin and other life-saving
,otics (Grainger, 1958; Lechevalier and So-
vky. 1965). Microbial ecology depends
the development of methods for under-

ing just such interactions. 

Ievelopment of Microbial ,colo&v
,iire culture orientation of microbiologists
ibtedly contributed to the relative neglect
,logical research on microorganisms, buttier type of research also had to overcome 
ndous methodological difficulties. Small size,

dmorphological detail and low behavioral
tocniationof microorganisms are formidable 

Ics to conventional ecological observation
vcarch,. 
,'crthless, work by microbiologists in the 

century began to establish the role of
,,ilmetabolic activities in global ecological
scs. Pasteur's work clearly established the 
%smiroass or clereabhda t f her 

fmicroorganisms 
 in biodegradation of or-He anticipated but failed to
'ransformations of inorganic substances
oorani min the conversion of ammo-
o nitrate (nitrification process), but proof
h transformations was forthcoming from

•nvestigators, In 1839 DeSaussure reported
,'rvation on the capacity of soil to oxidize
•en gas. Since this activity wai eliminated

ing. by adding a25 percent NaCI solution 
.idding a I percent sulfuric acid solution,
rectly concluded that the oxidation was 

,al, though hydrogen-oxidizing bacteria 

IC 

were isolated only during the first decade of the

twentieth century. J. J. Schloesing and A. Muntz

reported in 1877-1879 that ammonium in sewage 

was oxidized to nitrate during passage through
a sand column. The nitrification activity of the 

column was eliminated by treatment with chlor-

oform vapors but was 
restored by inoculation

with a soil suspension. Again. microbial nitrifying

activity was 
the only logical explanation for this

experiment, which also pointed to the presence

of nitrifying organisms in soil (Schloesing and
Muntz. 1879). 

All the above early information was obtained 
without the aid of the pure culture technique,
but soon thereafter Sergei Winogradsky (Figure
1.3). a Russian scienlist working at various Eu-

nG E .o 
bmicrobiology 

ei winlkr ,,ads.. t1S6-13S3) estbtshed the con. 
rept of ticyroblal chenmnoatrpth. and made major 
contributions to de%'topment (Courntr. r'
tehnlque and to sou microbtotlog. 
man of enrichm-nt UnitreInstitute oS tii-oaibolgi, Rutgers Univrin-.) 

" 

': ' 

•ubstances. 

' 

.. (.. 
. 

"reports 

ropean universities and later in his life at the
Pasteur Institute in Paris. successfully isolated
nitrifiers (1890). Winogradsky. during his long
and fruitful career, also described the microbialoxidation of hydrogen sulfide and sulfur (1887) 
the oxidation offerrous iron (1888), and correctly
developed the concept of microbial chemoauto
trophy even though one or his principal models 
(Beggiatoa) could not be grown as a chemo
autotroph in pure culture until very recently. He
also described the anaerobic nitrogen-fixing bac
teria (1893) and contributed to the studies of re
duction of nitrate and symbiotic nitrogen fixation. 
He originated the nutritional classification of soil
microorganisms into the aulochthonous (humus
utilizing) and zymogenous (opportunistic) groups, 
and is regarded by many as the founder of soil 
Doetsch. 1960).(Waksman. 1953; Grainger. 1958; 

Equally important was the work of the Dutch
microbiologist. M. W. Beijerinck (Figure 1.4) at
the University of Delft. In 190. half a centurybefore the emergence of microbial ecology as an 

;. area of specialization. Beijerinck stated: "The 
way I approach microbiology ... can be conciselystated as the study of microbial ecology, i.e.. of 
the relation between environmental conditions
and the special forms of life corresponding tothem." Beijerinck isolated the agents of symbiotic
(1888) and non-symbiotic aerobic (1901) nitroeHexreog,nd iz vitatuiutlfoaedfixation, and also isotatedthe the sulfate ot mi-crsrgen
He recognized the virtual ubiquity of most mi-
crobial forms and the selective influence of theenvironment that favors the development of cer-
tain types. Based on his principle "everythingis everywhere, the environment selects" Beijer-
inck, with contributions from Winogradsky. de-veloped the immensely useful and adaptable
technique of enrichment culture. Tailoring culture
conditions to favor microbes with a particular
metabolic ability usually leads to the rapid en-richment and isolation of the desired organism 
even if its original numbers were very low in thesample (Van Iterson et al., 1940). With additional 

on nitrate reduction (Deherain, 1897). 

Histortcal Ovme'. 

nGUREu.4uarttnius BeJedrinck (IBS-11931) made major cmrlbu. 
ions to th knomsiedge of ntrogn and ajrnmicroorganism edang ininzuding studies o inImblatij nl& Iy 

ilaon (Couutew. of Waimaninstitute of AitcrblOgi. Rutgers t'nt-erit..) 

methanogenesis and r S6h
mth e tano ro h ngen.(Kaserer,1906), and1906), the outlines of microbial cyclingthe isolation of hydrogen bacteria 
processes were clear (Docisch. 1960; Brock. 1%61 
Doctle. 1974).

The above rather incomplete list of funda
mental discoveries pertaining to the role of mlcroorganisms in cycling of materials was accom
plished by relatively few microbiologists who had an interest in unusual metabolic Patterns. Further 
progress in our understanding otmicrobial metabolism as related to cycling processes and the
unifying metabolic features among micro- andmacroorganisms emerged from the work of A.
J. Kluyver, C. B. van Niel. and Roger Stanier;these microbiologists were notable for the breadth. 

comparativeness. and ecological implications of 
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%ork in microbial phsiology. Kluyvcr 
C 1.5) succeeded Bcijcrinck as the leading 
hiologis. at the Uriversity of Delft. the 
iown of Leeuwenhoek. He took a broad 
,t in microbial physiology and with his stu- 
and coworkers studied a vanety of oxidative. 
ntative and chemoautotrophic microor-
u,%.including unusual metabolic types. His 
-st contribution was perhaps his comparative 
,.ch which stressed the unifying metabolic 
tcs within the diverse microbial world (Kamp 

1959). 
\ tudent of Kluyver. C. B. van Niel (1897-

came from the same famous school of Dutch 
,biologists. Settling in the United States early 
. career (1929), he was instrumental in trans-
,ng his school's tradition of comparative and 
,.ically oriented microbial physiology to his 
,:ountry. Among his numerous contributions, 
wivctigations on bactenal phototrophy have 

,.A importance. He pointed out the striking 
,gy of hydrogen sulfide (H.S and water (HO) 

REt.5 

(1881,,r 9(Isapt6). ehri p d iw
tatithing fei.. 


,,admicrbllt. ulim. rten o-frV.. 


. 

in the photoprocesse of photosynthctic sulfur 
bacteria and green piants. rcpcctively. Rotge 
Stanier. a student o&van Niel. continued th. 
tradition of unraveling the role of microbial me-
tabolism in ecological processes: his work with 
Pseudomonas. for example, showed the tremen-
dous versatility of microorganisms in degrading 
complex organic compounds. 

If it appears that in the first half of the twen-
tieth century microbiologists had little interest 
to spare for basic ecological theories, it is equally 
true that during the same time period general 
ecologists treated the ecological processes of de-
composition, detritus formation, and mineral nu-
trient cycling with equal disdain. These processes 
were taken for granted and. in contrast to primary 
production, were seldom scrutinized or quantified. 
Considering that nutrient regeneration (recycling) 
can be one of the key constraints of primary 
production, this neglect is somewhat surprising. 
But even if general ecologists had been interested 
in quantifying microbial cycling processes, there 
was little in their training to prepare them for 
this task. The microbiologists of that period could 
have offered little assistance. 

The principle approach of general ecology 
was field observation; for microbiologists it -as 
laboratory experimentation on pure cultures. Be-
cause of their small size and short generation 
time. microorganisms have po!ential advantages 
for studies in population dynamics, but the ohn-
servational difficulties described earlier discour-
aged their use in such investigations. Notable 
exceptions are the classic experiments of Gaue 
(1934) on populations of the ciliate protozoa Par-
aOfecium caudarum and Didinium nasutum. the 
latter preying on the former species. The above 
and similar experiments with Schizosacrharo-
myces pombe (yeast), which is preyed upon by 
Paramecium buraria (ciliate protozoan), revealed 
the same out-of-phase cyclic oscillations that are 
characteristic for some predator-prey populations 
in nature. At that time. these ecologically oriented, 
mixed cuture experiments elicited little response 
among microbiologists. while among zoologists 
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and ecologists they sparked a great deal of ad-
ditional research and lively debate. 

Communication between classical and mi-
crobial ecologists in the early twentieth century 
was minimal or nonexistent; the two disciplines 
had no common language or approach. Some 
microbiological methods were. however, devel-
oped in this period that allowed microbes to be 
observed in ways that were compatible with clas-
sical ecological approaches. Among the few 
techniq'es developed for the in situ observation 
of microorganisms in the first half of this century. 
the contact slide (Cholodny et aL.. 1930; Rossi 
et a]., 1936) deserves mentioning. In this method, 
microscope slides buried in soil or sediment pro-
vide a surface for microbial growth that is not 
unlike that of soil particles. Careful removal and 
microscopic observation of !hese slides provides 
an opportunity to obs-rve microorganisms as they 
grow and interact in their natural environment. 

These early studies established the basis for 
later research in microbial ecology. Stimulated 
by a general interest in the environment and ecol-
ogy. as well as by the availability of radiotracer, 
microanalytical and electron microscopic tech-
niques, a rapid upswing in the pace and range 

of ecologically oriented microbiological research 
occurred in the early 1960s. Much of this research 
was prompted by the noticeable and troublesome 
Presence in the environment of synthetir pol-
lutants that were not. or not rapidly enough. 
degraded by microorganisms, and by eutrophi-
cation problems due to detergent fillers and fer-
tilizer runoff. Additional concern arose about the 
effects of radiation and pollutants on microbial 
cycling activities in soil and natural waters. The 
biomagnification of DDT, PCBs. mercury, and 
other pollutants called attention to food web in-
terrelations and to the key position of microbial 
forms as primary producers in aquatic food webs. 

A great stimulus to microbial ecology was 
space exploration. The possibility of soft-landing 
instruments on remote planets prompted the de-
velopment of methods and instrument packages 
for detection of microbial life. The testing of 

these methods and instruments, in turn., stimulated 
intcrest in the microbial communities of extremely 
harsh terrestrial environments. e.g.. the dry val
leys of Antarctica. The nitrogen fertilizer shortage 
that developed in wake of the energy crisis of 
the early 1970s resulted in renewed and intense 
interest in symbiotic and nonsymbiotic nitrogen 
fixation processes. The energy crisis also called 
for research on fuel generation from renewable 
resources such as organic wastes and plant bio
mass, with microorganisms as obvious candidates 
to effect such conversions. The progress in meth
odology and in our understanding of the structure 
and function of microbial ecosystems that has 
taken place in the last twenty-five years makes 
up a large portion of the material covered in this 
textbook. 

Sources of Inforitudn for the 
Microbial Ecologils 

Long before the time was ripe for microbial ecol
ogy to emerge as a distinct area of specialization, 
a considerable amount of fundamental knowledge 
on microbe-environment interactions accumulated 

in several microbial subdisciplines. As described
earlier, the microbiology of soil. with its important 
agricultural implications, attracted the attention 
and talent of such distinguished investigators as 
Winogradski and Beijerinck. Plant pathology, with 
its related practical implications, also received 
early attention. In strong analogy to the progress 
in medical microbiology, the pure culture tech
nique led rapidly to the isolation and character
ization of various plant pathogenic fungi and bac
teria. Beijerinck made a crucial contribution also 
to this field with his investigation of plant diseases 
caused by submicroscopic, filterable principles. 
Continuation of Beijerinck's unfinished work by 
others led o the startling discovery of a "rys
tallizable plant pathogenic principle: the tobacco 
mosaic virus. In contrast to human disease, the 
sanitation-immunization approach has limited 
relevance to the control of plant pathogens in 
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lig to Woese's theory, bacteria began to live 
urkaryotes and eventually these prokaryotic 
iaand their urkaryotic host cells became 
ily dependent. Over time. the prokaryotic 

L'rs in this mutually beneficial relationship 
loped into cellular organelles (mitochondria
liloroplasts). giving rise to the cukaryotic 
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of the major classification systems deals 
the acellular microorganisms. Effectively. 
ruses. viroids. and prions are treated as 
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nonliving entities. The reproductive capacity of 
acellular microorganisms being integrally linked 
to the host organisms in which they multiply. 
the viruses. viroids. and prions arc normally con
sidered along with their hosts. 

Prions are specific infectious protein molecule.% 
that contain the information that codes for their 
own replication (Prusiner. 1982. 19,4). They seem 
to be an exception to what appeared to be a 
universal characteristic of living systems-the 
storage of genetic information in nucleic acid 
molecules. All other organisms store their genetic 
information in nucleic acids. DNA (deoxyribo-
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nucleic acid) or less commonly RNA (ribonucleic 
acid). It is not yet clear how a protein can direct 
its own replication and thus we do not understad 
how prions replicate. 

Prions were discovered during the search for 
the cause of scrapie. an infectious and usually 
fataldisease of sheep. Prions and the conse-
quences of their reproduction within the-cells o 
the organisms they infect may explain several 
diseases that until now have no known cause. 
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Much more research is needed to reveal the im

portance at the discovery at prians. 

Whereas prions are protein molecules, viroids 
are composed exclusively of RINA (Diener, 1981).
Viroids. "ke prions, are simply molecules that 
contain the information for their own reproduc
tion; they have no other structures, and their 
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Measurement of 

Numbers, Biomass, 
and Activities in 

Microbial Ecosystems 

Understanding the structure and functioing ofecosystems depends upon more than simply rec-
ognizing the interrelationships among populations;
it requires quantitative information about numbers 
of organisms. biomass of populations, rates ofactivity, rates of growth and death, and cycling
and transfer rates of materials withia ecosystems,
This quantitative approach, more than anything
else, distinguishes ecologists from naturalists. In
this chapter we wi!l examine how microbial ecol-
ogists quantitatively asses, the microbial com-
ponents of ecosystems. 

Numbers. biomass and activity representdistinct ecological parameters. Though normallycorrelated to each other, it is wrong to use them 
in an interchangeable manner. The nature of theecological problem dictates which of the aboveparameters is the most appropriate one to mea-
sure. On occasion, technical problems force us 
to measure a less relevant parameter, such as 
numbers, and to calc te from the.e a more
relevant parameter. such as biomass. Whenever 
this is done, it is important to assess critically
whether such a projection is justified undLr the 
Prevailing circumstances. 

It stands to reason that a change in microbialnumbers usually correlates to a similar change
in biomass and in activity. Since such correlations 
appear to be so self-evident, one needs to be
alert to situations when such correlations areeither not proportional or entirely absent. Due 
to life cycles or nutrient availability, the cell sizeof miroorganisms may change. In such situations. 
biomass may increase wrdecrease without a cor
responding change in microbial numbers. Simi.
larly. in the case of a sporulating fungus or ac
tinomycete, numbers may increase dramatically
with little or no change in biomass. Microbialactivity will correlate wiih numbers and biomassonly as long as environmental conditions remain 

constant. Any change in temperature, nutrient
availability, or other environmental determinant3will alter microbial activity without necessarily
changing either numbers or biomass. Since un
warranted extrapolations aboun: in the literature. 
microbial ecologists need to evaluate those crit
ically and on a case-by-case basis. 

It is rarely freasible to subject a whole eco
system to enumeration or measurement proce
dures. Instead. these procedures are performed 



--

197 

NMeasurement of Numbers. Blomlasand Activities in ,Microbial Eros-stems 

Prcntative subsamples,iremcnts projections are made to the wholeand from these 
'Mil Ilioard and .ovelock. 1973). Sampling!1%and their statistical implication%are dis-d in more detail in the Appendix. It is im-

III to understand that each determination,t,, of three phases: sample collection, sample 

sing. and the actual measurement. Thecr of sample collection and sample pro-ipcan profoundly influence the outcome of 
:easurements and, therefore, all three pro-L,. must be taken into consideration when,uts are interpreted,ceterm representative means that the sample
eniect the diversity and density of organisms 

entirety of the sampledenvironments. environment. Inthe distribution of micro-
ims is not homogeneous, but patchy. Any

,ample is. of necessity. minute as compared
whole environment being sampled and're may easily over- or underestimate the

'undance. This is particularly true because
,ganisms live wi-hin microhabitats that are(ognized at the time of sample collection, 
,urce of error can be minimized by pro-

composite samples. prepared from in-
I ones collected by the use of a suitable
,,"grid. Confidence limits of extrarlation
 

spinglesto the entire en, ironment should 
,'lically determined. 

It' C)UI,;on 
it approaches must be used for sampling
.anisms from 
 such divcre ecosstems
-its of animals. the surface layer of soils. 
,ediment of the deep sea; The lack of':,es it) some environments requires the 

,nttle control sampling devices. In some 
tion procedures. sample processing and

inting procedures are coupled with sam-
he method of obtaining samples is de-thy the physical and chemical properties 
,) stem being examined. by thL expected 

abundance of microorganisms. and bymeration or measurement procedures t) the enu-he Per. 
formed. Some sampling approaches are comparedin Table 7.1. 


Sampling procedures 
must insure that num. 
bers or activity of microorganisms are not altered,either positively or negatively, in a nonquanlifiable 
manner during collection of the sample. Samplingprocedures also must insure that samples arerepresentative and are not contaminanted with 
foreign microorganisms- that is. sampling procedures must insure that the microorganisms comeonly from the ecosystem being examined. 

Soil SamiplesSoil microbiologists often do not use aseptictechnique, but pragmatically rely on a shovel andpail because of the abundance of microorganisms
in the soil relative to possible contaminants fromair or nonsterile containers. When soil must becollected from a particular depth, a soil corer isused. A soil corer is a hand or motor-drivenhollow tube with a sharo cutting edge and is usedwith or without a liner c hold the core of collectedsoil. Soil corers are designed to minimize com-
paction during sample recovery,

The sampling of microorganisms present insoil in relatively low numbers may require the 
use of attractants or baits. In some it iseases 
sufficient to provide surface that will. by aba

sorption. concentraite the naturally occurring dis-

solved nutrients. The buried slide technique ofCholodny-Rossi has been uscd extensively in thesampling and observation enumeration of micro-organisms in soils and sediments tCholodnv. 1930;Rossi et al.. 1936). In this technique a glass microscope slide is implanted into the soil or scd-iment (Figure 7.1). Assuming that the clean glass
slide surface is nonselective and acts like the 
surface of mineral particles in soil. the types andproportions of the organisms that adhere to theslide can be considered represenlative of the soilcommunity in generz-l. A modern variation on 
the buried slide technique is the espoure ofclec-

TBU 7.1colraiwn of micrb)ial 
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Air Direct 
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remote 

Sediment Remote 
Soil Direct 

tron microscope grids into natural environments
(Hirsch and Pankratz. 1970). The retrieved grids 

are observed with 
 the electron nmicroscope toreveal more microbial morphological detail than
light microscopy can. 


Another variation of the buried slide techniqueis to replace glass slides with flattened glass cap-illaries. which are called peloscopes when usedin soil, and pcloscopes when used in sediments(Aristovskaya and Parinkina. 1961; Perfilev andGabe. 1%9; Aristovskya. 1973) (Figure 7.2). Thecapillaries resemble sediment ,, soil pore spacesand microorganisms may enter them freely. The
flattened optical surface of the capillaries facilitatesmicroscopic observation and counting after re-trieval. The capillaries may also be filled with 
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nutrient solutions to attract microorganisms, inwhich case the technique resembles an enrichment 
culture and will. therefore, not rflctcomposition of the natural microbial community

the original 
of the environment. Major achievements attributedto the use of capillary techniques in %oilsincludt.I) the observation of microbial landscapes of siltdeposits, such as the abundance of Caulobacter,
algae and flagellate protozoa in wet soils, thedevelopment of Metallogenium indicative of ironmanganese deposition and the extensive growthof Gallionella when ferrous iron is present: 2) theenumeration of new genera that had remained unknown due to their unusual characteristics: and3) the observation of life cycle stages in naturalhabitats (Perfilcv and Gabe. 1969). 

' I 
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algae and potozoa are often collected in nets 

o tsd by :i boat, but man .sm icmtrofcllalaes \t l ____.______,____not surs-ive this collection metnod The pl.iktonic 
"o 
 ,,..ms may be funneled mno collection bottles%%,here they are concentrated, 

Water samplers for collection, of bacenal 
populations generally consist of an evacuated 
chamber that can be opened at a given depth, 
allowing water to fill the chamber I I1ordner and 
Winter. 19781. The J-Z sampler. for e\amrie. 

I V consiststof an e .icuialed Nlassbottle or a corm-
-:--- - .. pressed rubber bulb ssith a sealed class lube inlet 

(ZoBell. 1941) tFigure 7.3). The device i%lIosered 
-- "othe desired depth and a 'eed messener 

J-Z ianiplr for thti-rirn of ,tater bnipltri at%h.ilmdqniths iA)bracket: tI ni-ngerin (Ct gla. nihe io be 
-rkmn h mr',seng.r iM)nilhr iniri rulm,(l) p.lrti.lYt 
-- a irI 

- " -
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Sampling problems are typicall. greater in aquatic habitats than in soils because rem ote collection 
m~r allv i re uir d . ari us amping dcvcessasm
normally is required. Various sampling devices 

.ire used for collecting "ater and sediment sam
pies: each has its advantages and limitations.
Man% of these devices are designed to ensure 
that the sample really comes from a particular
location-from exactly 100 meter depth, for 
example. sf._ 

Water samples collected for enumeration of 
algae and/or protozoa often are collected ssith ENansen and VanDorn sampling bottles but these 
deices are not suitable for bacteriological sam-
pling because they cannot be stenilized. Planktonic 

is sent do\n the line to break the glass inlet tube. 

allossing the water to enter the flask or bulb. The 
Nskn sterile a v, r spler consists of an 
evdcuated polvethylene bag %,iha sealed rubbertube inlet. The sampling bag is mounted on a 

spnng-loaded holder, lowered to the desired depth. 
and a messenger is then lowered that releases a
knife blade that cuts the rubber inlet hose. causing 
springs to spread the sampling bag. thus drawing
in a water sample (Niskin. 1962) (Figure 7.41. 
Because the sarnpine devices are lowered through
the 'sater column to reach the desired depth, the 
collected sample niwo, be contaminated with %%ater
from a different depth. Contamination may alsooriginate from the sampling %%ire used to lower 
the device, and more elaborate sampling devices 
are needed to preclude such contamination (Jan.nasch and Maddux. 1967) (Figure 7.5). Specialized
sampling devices also are required for collecting
vA.atler sample from great depths bcauseo d 
compression problems during recovery: devices 

have been designed to open at a specific depth. 

%%alter
Sit-rHie VIln lrut-rt. murc.ing hag: (A) spring 

tube: hag IC) rubber InhIMO E)knife blade for opening inlet wthen trig.greed rnmwitrr, 

E 
 8 

S-mijI ls. Cullt-t-iion 1 ! 

allosing a .mple to enter, and to close acain 

in order to mnai n thet ipproprate presra ue 
crrsen. 
 1977
 

iF-urs 7.6..Recoser. of microorganisms from the an

water inten.ce of aquatic habitats is by adsorption 
onto a suilable material (Crow et al.. 1975). Sterile
nuclepore fileirs, teflon, or cellophane may be 
used for this purpcse. Densities of m:croorganisms 
on surfaces are often-hich. 

For collecting sediment samples from marine or
freshwater ecos,.ierr- there are a variety of grab 
samplers or corers. Grab samplers have ts.o 
spring-loaded jaws that triggered when theare
sampler reaches bottom or when a messenger islowered. W\hen triggered, the jaws of the grabsampler snap shut. dig into the sediment and
 

collect a sample. Most grab samplers do not pre
vent contamination of the sample %;ithoverltine 
water. Box corers, 'shich are frequently used b%benthic biologists but only rarely by marine mi
crobiologists recover sediment ina relativclyundisturbed state (Tait and DeSanto. 1972). Core 
samples are also used for collection of sedimentsaeas sdfrcleto fsdn rtfor microbiological analyses. Some caution must 

be uetoprevent compression of the sampleso that the sertical stratification of the microbialcommunity 
can be preserved. Coring devices can 
a ve a ts ing th aide shave a eri hn a plint ostenle lining that aids in handling theple and perm its div-iding the core sam ple into 

vertical sections. 

that are deplo ed from the surface of the water.divers and submersibles are sometimes used for 
the collection of samples for microbiological
analyses. These means of collection have the 
advantage of enabling the collectors to see what 
they are sampling and to make rational decisions 
about what to collect aiiU also to describe the 
samples. Deep diving submersibles such as the 
Alvin. shich has been used to investigate the 
deep ocean thermal vent regions. have been par

http:inten.ce
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rly .aluble because in addition to samples
*reco.ered for laborator processing, some 
les, can be collkctcd. processed, left ini.tis 
,:ubation. and later reco.ered for analysis, 

hing microorganisms from the air requires 
,rocessing be coupled %%ithsample collecti 

bial numbers in air are generallyq e ois impractical to collect large volts of 
later processing. Air samples are. thc.efore. 

.lly collected by passing a measured volume 
through a membrane filter tGregory 1973). 

t,,re ,ite of the membrane filter may be 
I for the collection of different types of 
,tganims. In the Anderson air sampler, 

-mplinteti i (E-etiloL 

air is drawn through a graded series of grids of 
dccrcasing pore size (Andersen. 1958). An agar 
plate is placed under each grid to collect micro-
organisms and other airborne particles that. by 
their inertia, impact on the agar surface. Air ye-locity increases with decrcasing grid openings. 
thusincreasingly smaller particles land on suc-
cessive agar plates. 

Biological Samples
iologing 


Reirieving microorganisms from plants and 
an-
imals involves collection of a vital fluid. such as 
sap or blood: dissection to recover a particular
tissue, such as liver: collection of excreted prod-
ucts. such as fecal matter: or -,impline of a urface 
tissue. In cases %khere the surfice is exposed. 

J~ntplt Processing 201 

•196"-" 
I-the and from human skin by swabbing (Rosebury.). Such nondestructive sampling requires thatmicroorganisms not be tightly bonded to the 

or animal, and concern must be given to
""A *--- the efficiency of such recovery methods. 

,I I other cases the tissueassociatedcells micro-bpreserved together with 

This is especially useful when ex-

In the or may 

' ',iamination of the anatomical relationship, or enu-,i' meration of microbial populations, is required. 

Such approaches arc useful conhideringshen 

Lsi , as between phage and bacteria, as well as when 
i examining associations between plants or animalsBB. AAB ."'. and microbiota. 

- S :e 
_4 - ScSmple r min 

--- 7Z Only rarely are naturally occurring microbial-J ryAi .g Epopulations found in concentrations that are con
+in': 

L 
i ii .d 

G 

FItCR 7.15 
Samplingde for ort terdol.tio: it-taster uni
samples from grirst de-pths: WAtrase unt (8 Mirhevetasampler. t) nu'lepore filter. B) Intake lid. K) piston fornuslntalnlng preswr'.e and 'g&uating flon rae through 
filter. ror other details of apparatus antd its"r original reference. operation(FromJannasch and n 

9':. reprinted hi permisiion: American Sotien. for 
ibou.) 

microorganisms may be scraped or washed from 
the tissue. As examples. microorganisms can be 
recovered from plant surfaces by washing with 
sterile solutions (Dickinson and Preece. 1976). 
from the oral cavity by scraping and washing 
tooth surfaces iGibbons and van Houte. 1975). 

for measurements or counting and there 
fore the microorganisms in the sample normally 
must be either concentrated or diluted. Samples
to appropriate concentrations by senal dilutions 

(the successive diluting of the sample with anappropriate diluent). and samples with too few 
microorganisms can be concentrated by centrif
ugation or by passage through membrane filters. 
The conditions employed for processing affect 
the eventual numbers of microorganisms that are

ubeso icoraimstarenumerated.If counts are to reflect accurately the numbers 
Of 'table microorganisms present in the sample 
at the time 'f collection. then processing must 
be accomplished quicly because microorganisms 
reproduce rapidly in the collection vessels. yield

artificially elevated counts. This problem. 
_ known as the bottle effect, is pa-ticularly observed 

with seawater. suhich naturally lacks adsorptive
surfaces: when placed into a glass contained nu
tnents are concentrated by adsorption theon 
wall. becoming more concentrated and available 
to microbes skhtch are then able to reproduce 
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nniD•atl.v incrca.,c ermt na tlon of lh-iobtal vum be atheir number%. 20 3('ondlitonsproccssing "ampies can .,lo kill sorte of TAllX.rt, of7.1Chrmnill r-mltnu nrdho, ,,,,trntihl fiher:l;,%s. or notrocelluloe filters ;Sobsev etIr irg uni.rl.n.prc ,entin 'he onginal ample. "in ts of Ill ha .,- -n Dleterlnoulon of-elding arlificialh depressed counts. 
1 73 )Ad or cd viru cs can hen Oe elu d with All 11WNu i b ,r"amrles arc to be diluted for viable count
in he ilunt Viahle eou, t#/gi 
an alkaline solution. The sorption and elution
hisis dificl!tas. onicubtio process'res at25" , ~h can bc repeated, resulting in a manythein ,microdiliient.orga nlism s must be evenly di -This is a soil extract agar--8.day analso be ehuted from particles such In the case of a pure bacterial culture, the questiondifficult task. as occur

itly for soil and incubationI-min. delayat 2betwcn5S 
thousandfold concentration of the viruses. Viruses 

atively simple to answer. When dealing with thesediment samples where C 'Aith in sewage How many microorganismspreparation of ditutions can al o bsludge. using flocculating materials, are there?" is iut d f m p ric e mixeds ch communities of environmentals o c r samplei;,
,rganiem 

and adsorptive filters that maintain the infectivily however, theare t.-tally problem becomesound to particles. exceedinglyilient,icpcndni on and platingthec chemical composition Tap water of vini,;es during these concentration procedures.noticstrcn'th ofthchdilo ].9x to' complex and, in most cases, defies a simple and'time ofpothe Pyrophoph: Somewhat different procedures are required for* tcmprahc ther chemical comosition 
. I 23 1 recovery of viruses from animal or plant tissues 

absolute answer. Quantification is possible, butRinger's sot ijon 1.6x 1 
persant if one 

(Sobsey et at.. 1978) (Figure 7.7). 
the numbers obtained need to be qualifed by the 

is used. and the degree of Winogratlkv's technique used; enumeration techniques need toolution 3.0 x 101 o (Jcnen. 19M.: Litchfield cl al.. ;975)7.2 anti 7.31. The optimal recovery processrom Afler Jenen.sample to sample. precluding an ab- IW 
tandardi/it~mn of methodology, the n;I.'RL: 7.7pores. The particular chemical composition amth". Cof ,shellih. MPOM 

dAn exaioliref. -aid rym e, al,)te 1978; rtrprinted In-implcs. nutI be concentrated by fillirtion. and ioncenrition ptetmlsolon; Aritemeot i atm 'magod.hiasbeen umsd for itrnof the filter may also affect the viable countslate filters musta be selected. Filters with microorganisms (Green 
of roi'for MIcrrniioIhP*.)tint arc too large fail to collect the mi-

cl al.. 1975 Lin, 1976). 
nism%. filters with pore sizes that are 

It is obvious that conditions not compatibletoo with the physiological requirements of particularog e;is.il and cannot filter sufficient vol- grotips of microorganisms will leadi to theirgcncr;il. p l a.rlbonatc filters produced underestimation becuase a loss of viablility. Forleporc are considercd superior to nitro-Sfiltcr, exaninle. cnumeration of obligate anacrobes re- ,produxcd by Millipore because ,.quires that diluicnts be sparged 2 - -IL ofree of oxygen 
!;line%, or the 'mtrface and uniformity of and 


that all processing be carried out ,under anoxygen-frec atmo pheic . The enumerati n ofob- ,.,-i,,. . i• -: 'c,_,,ligate psychrophilcs requires that the diluent andre.. 

-c I -7, WPO'400ishii,tho- ,,'l a,~rti.,trtini m., d d IrriK 'la* of will tiiirris a avoid mm.lll gasare.killing e microorganisms. .to1thcich as piptes be prechilled to "'"'!7 I. , 40 
When the enumeration procedure is not de-

, .. 
t*\lract agar incubaitd 

Vesact a ruinc bate)onil •t .. ,,-ABol,i.ati.%igned to discrim inate betweens living and dead OKIMrFf'he not. ommooot-A12 days at 25CC. ,- C-uimm a~ , lmmmicroorganisms, 0. ,, .m mtmI- ,Sill 2 the samples may be preserved ,S, by adding formaldehyde or glutaraldehyde. Stich ,,,, 
bw,,M,,,, or p repara tio ns arc su itable fo r direc t m ic ro scop ic .... ' ' I7 .4 . 2 .9 \ 1 (r . '( .. . ....Ito ob serv ation s. , ,X I . 4.? I f The reco very o f viruses from environm ental -7 

.7 - It10r 3.9 to0 samples requires special processing to concentrate "now into,,
1.4 7.Ox 10" -21'CM",• 10 the viruses (Sobsey. 1982. Gerbacan be concentrated 1983). Viruses - I7- 17.11 I( a sorption 

from water by repetitive ....' and ceulion procesces; in one suich i'tt CoB_____ h,.Ao
' ,.-,*rpin.i h nitl c (0, S Wn.o,

procedure, after acidific:iion. viruses in largeP. ,,olumes ,, ,,"""' ,

of water can !: tidorbed onto epoxy. 
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'%Cn%,ith .urc assurc that restIts arc cedur s actu;ilh mcaurc biomass. Each approach
'n 1 the t'w ','hnbeing a,.ied. In thisr ,16eUIIIcon,iici %omeof the complc ie,,%*inrating -llLganism,, and some of the 

has its adsantages and limit.aton (Alas. 1982). 

iches uscd for this purpose. Direct Count Procedureslcroorganisn aic extremely divcre and Microorganisms can be counted by direct mi-method% iicd it, enumerate one group of croscopic observations (Jones and Mollison. 1948organisms ma. be iraprpropriate for the Frederick. 1965; Gray. 1967: Gray etiation tf anothet Lroup. The methods used iarris el 1972; Daley and 
al.. 1968 

at.. Hcbbie. 1975).
,'mcrtntt g'iti ... (Primrsc cl ;tl.. 19 Q)t. D rect count procedures yield the highest csti-
a (Hcrcrt. 192. fungi (Parkinson. 1982), mates of numbers of microorganismsRound. IS2i. ard protozoa (Finla%. and arc1982) occasionally us.cd for the indirect calculation of,tie diflcrnt Special techniques must be bromass. There howcvcr,arc.for enumci ting specific physiological scvcral majordrawback% to direct obscrvational methods, in-

such as p vchrophilic bacteria or obli- eluding the inability to distinguih living fromanaerobic bacictia. Enumeration of such dead microorganisms, the underestimation of mi-I groups requires special sampltng and croorganisms in samples containing high amounts',ing procedures. Precise differential criteria of background debris, and the inability to perform
,e used for enumerating an individual mi-
1 species such as Es¢c/trichia colt. which further studies on the observed microorganisms.
For relatively large microorganisms such as
,I used as an indicator of sewage cintam. protozoa. ilgac. and fungi, direct counts canconveniently beaccomplished using countinga c enum erattn pr ocess must begin by de- cham ber ( inlay ct al.. 1979). A variety ofcounting
,vhich micrrootr.iisms arc to be erumer- chambers that hold specified volumes, such\re all micthott.unsms to he enumcralcd asonly certain g,,ups ;, hacmocvtomcler or Petroff-Hauscr chamber.to be counted' Arc can benbers of microoteanisms us.d for ccunng cells (Parkinson et al..to be converled 1971)." nates of bhitn... What are the Lharac- A modified agar film technique of .ones and 
, Of the h.,bit being examined ' Thcre Mollison (114)universal itrethds that can often is ued for direct observationbe applied to and enumeration of ftigi (Skinner ct al.. 1952:.miver,,:After,orgamin,i .ind ill habitats: the di' ersity Thomas ci al.. 1%5:,organitis .ind their habitats reqires the 

Parkinon. 1973). In ttistechnique the sampl. is mixed with agar
a vari-ty o methodological appr,,.ches. and
 
pipclted onto glass slides, %%hereit formsenunrcrati,,is p,,ccss can be brolk.i, down a thin
film. The dried agar film can he stained with,:e dilinct phisis: sampling. sample pro- phenolic aniline blue. and the slide* and then can bethe acti.il counting procedite. Allof the pro ' s, must viewed.be taken into con- Length of mycclia can be estimated bycounting intersections with a superimposed grid. 

,n when inerpicting the results. Alternately. the microscope imagerc arc t\t, ipiticipal approaches scd for jeclcd onto a can be pro-screen and traced. The length caniting micruoirg.,isms: direct observation, be determined by running a distance-measuring 
1 count proccdures and indirect or viable device (map measure) along the traced lines.ocediurc . O)cc.osionally. number arc also the average Ifw dth of the mycelial filaments is
od frum procctires that measure specific a, ,o measured, the fungal biomass,tcal constimticnis of microor.misms. can be cal-

cuiLIed (Tables 7.4 and 7.5). A problem with thisit sh,,uld be recognized that %mi,h pro- tcch;.ique is that unless adcquale dispersion is 

lngit nIfun"SI ?r~t,4thni
I. inmdrawits 
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ri hekrfts 

Country and
location 

Canada 
(Devon Is.) 

United Kingdom 
(Moor House) 
Mimeuone 

Antrcica 

(Signy Is.) 

Norway(Hardangervidda) 

Ireland
Sren 

SwedenUried Kingdom 
Canada 

(Mt. Allen) 

After Dowdei and Widden.flowdinthaand Wudden. 

Soil 1 
Soil 2 

Soil 3 

Soil 4 

Determination of MIlerollia 

Sites 

Mesic meadow 

Raised beach 

Blanket bo99
 
Juncus Moor 

Mr 
Limestone ra s 
Hut Bank 

Mountain moss 
Grassland 
Old moraine 

Nemoraine 

mre 
Marble knolls 
Marble schist soils 

Wet meadowDry meadow 

Birch woodBlanket boMre 

MireWood 
1900 m elevation 


25(0 m elevation 

2800 m elevation 


1974.197d. 

Length or hyphae 
m/g 
174 

- 619 

457 

1602 

Numbm. 205 

Mean mvcelium 
ln t 

(m/g oven dry soil)length 

1005 
199 

1667 
86
826 

6328 

273 
28 
844 

144 

5000I000 

7000
9953260
 

3260341 
580 
80
 
0 

Fungal biomass 
g/m: 
0.31 

1 2.69 

139 

7.66 
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i\phat ic.miin hidden ;niong the .oil 

lid can hne.
Ie s..n wthen soil parli .ils 

ll (Skinner ct al.. 1952). This problem 
ercome i1%eabhlishing the optimum

'me and using a1 modem high speed 
,cr. 

car film icchniquc for enumeration of 


be cmbied with fluorescence mi-using flioreccein diacetatc as the stain 
*c the liinias of :iving fungi (Bahuik 

1970: .oderstrom. 1977) Only meta-
,five c.llorc."stained in this procedure
ioresccn,'c occurs only after enzymatic 
,f the imn molecuie: thus use of fluo-
cetal iam in conjunction with a vital 
loes nit iinpitlsh living from dead 

li;te pci ui !lie c"simalion oif both living 
fungal hiu..ss A problem with this 
is th" high background fluorescence 

S bec.ii. e-ster.ises are released .ind 
the diee. 

,iresccnse microcopy with stains such 
orangec IA()ItC method). 4"6-diamidino-
itole (I)A1i. and fluorescein isothio-
ITC) aic %%delyused for direct counting 
tStruggcer 11-8: abuik and Paul. 1970. 

in and Mc,.cr-Rcil. 1974: Daley and 
,75: D.le%. 197). Gccsy and Coslerlon. 
-man. 111.t(. 'otter and Fcig. 19x0). 
fluois., in) icision oil is impottant 
c b:KeKe'iud ailofluorescence. 'oly-
iiclpiit. tilvi .ire superior to celli losc 

'trecl o-oii:ie ofl bactena because they 
.rm plic ,t/e and a flal surface that 
lie b' ieii i tin Tip of the filter (Fh ohie 

7) (.,Il- 7 6) The nucilepore lillers 
ned %%li ir:lan black or tither suitable 
tie a itl:ick background against %shich 
micri,,ic.iim, can be counted (Jones 

19- 1 Whe,..n .iridine orange is used 
bacit-i.. .,nd other microorganisms 
itit . rut et n The green or i'aniie 

-Itl %,.l physiological state ofiii tic 
i.in,'i 1,: .i:.-inpts to 'ep.iraac h. ing

~i,,,,,,i,. iuisi Iyy the- color tl Itit-

tflhlr Ii ,.ttcrohit Erotvsztes 

(ircsccnce arc often misleading and tinsaisfacmol. 
DAPL. which ,tains the DNA of bacterial cells
and produces an intense blue fluorescence. has 
been found to be superior to acridine orange for 
visualizing small bacterial cells (Coleman. 1980). 

Counts by direct epifluorcscent microscopy 
are typically two orders ofmagnitude higher than 
counts obtained by cultural techniques (Table
7.7). Many small and unusually shaped bacteria 
are observable and countable with epifluorescence 
microscopy; but these forms are usually impos
sible to cultivate on laboratory media and it isnot' cltar whether these are "dcgencrate" non-
viable representatives of known bacteria or forms 
with as yet unkn6wn physiological requirements.
In some cases there is a high posilivc crrelation 
between direct fluorc,;cent microscopic counts 
and viable plate counts (Figure 7.8): in other 
cases the correlation is low (Table 7.8). The dif-
ferenccs between direct and plate counts may 
simply reflect the selectivity of the media and 
incubation conditions used. the proportion of living 
and dead or injured bacteria, and the particular
species in the sample. 

The value of the direct count epifluorescent 
microscopy approach to enumeration is that it 
is applicable to a variety of habitats without the 
bias inherent in viable plate count procedures.
It allows the estimation or numbers of micro-
organisms in inanne. frcshwatcr, and suil h:thitats 
despite the great differences in population ,i7cs
and physiological types that occur in these various 
habitats. Direct couns are often diucetly pro-
portional to biomass. and thus tie used tocan 
estimate microbial biom.ss. Tedious size inca-

suremen- must be made. however, to convert 
accurately the direct microscopic counts to bio-
mass estimates. 

Additionally if the numbers of dividing cells 
are counted it is possible to estimate iniitu 'growth 
rates (Hag tom ct al.. 1979). The frequency or 
dividing cell' has been shown to cor-relate with 
other meas~ures of microbial growth such as rates 
of RNA synThesis meauricd by incorpoiration of 
labelled atitlet:uc i(.'hrst;in c ;it.. 11)82). iis fre-
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1 . Cunli-nri.%,reli nitrate) fhuiSotNuutp/r 
for ,trrnt€t'nts SarSoreus Nuchpore

Site to.5jum) (0.20m)
Estuary 8.6x 10' 1.7> I'?
Reservoir 4.0 x 1O' 7.2 10I 

Pond _I.Tx_1___4.0__IO_ 

After Hobbie et al.. 1977. 

quency if dividing cells FDC) method ;issumes and possible cross-reactions between different 
that the time between the initiation of cell con- organisms. Fluorescent antibody techniques havestriclion and cell separation is constant: this as- been applied to studies on selected microbialsumplion is not always valid (St;dey and Konopka., species in their natural habitats, including cco
198X5). Ii is also difficult to recognize dividing logically important organisms (Eren and Pramer.
cells using light microscopic methods. 1966): monoclonal antibodies have been used to

The rumbets of spccific types of inicroor- specifically delccl nclhanogcns in environmental
ganisms can be estimated uing fluorescent anti- samples (Conway de Macario et al.. 1981. 1982).
body techniques (Hill and Gray. 1967; Schmidt, and such specific fluorescent dyes are applicable1973; .traver and Tiedje. 1978: Fliermans et al.. to enumerate many other sFecific populations.
1979: Bohlool and Schmidt. 1980). The fluorescent Fluorescent staining methods can also be usedantibody technique is extremely specif- for an in combination with other procedures to determine
individual microbial species and permits atite- numbers of living organisms. By combining thecological studies. that is. studies of individual AODC method with INT (2-(p-iodophenyl)microorganisms in their natural envitonments 3-(p-nitrophenyl)-5-phenyl tetrazolium chloride)
(Bohlool and Schmidt. 1973) (Table 7.9). In the staining, for example, it is possible to determineFITC method antibodies arc conjugated with a both total numbers of microorganisms and thelurochiome. sutch as fluorescein isolhi.-cyanate. numbers of microorganism- carrying out rcspiPronin:N .'iih ahz fluoresccn antibiody technique ration (Zimmcrman el al.. 1978). The me:hod isinclude nonspccific fluorescence of the ba.kground based on the fact that electron transport sslcms
in som" stmples. the high degree of specificity in rcspirinE microorganisms will reduce INT toof the ainicn-anltxv reaction that ma. preclude N'T-ormazan and therefore respiring ha.teria
staining (if difTcrnt Strains of the same species, will accumulate intraccllular dark red spots. When 

AIlLE 7.7 
Coiipariin it iret ept.

uni Soil Marine waterfluwe't re a uni 'ant 
-%is-__________bl, pate mi.n Sample iret count Viable count Direct count Viable count

_ample__ irect__ount_ Viablecount_ Directcount_ Viablecount 
A 5.0x l0o " 3.1 x to 2.2x 10  1.3 x 10' 

t o' 6.2x10' 8 Oi 7.6xli 
l.Ix to" 6.2 l.3y ". t0t 10 

"_2.0xIO__1.____ I____I.._____I____ .1___1___ 
. . npithh. ied duta. 
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10' 
applied to Baltic Sea "ater samples. 6-12 percent2000 
of the bacteria were found to be active; in fresh-
water samples. 5-36 percent of the bacteria were 

active (Zimmerman ct al.. 1978). Thi. method8 can be difficult to interpret depending on the sizeof the bacterial cells and INT grains 'hat develop.
Numbers of actively growing bacteria can 

also be determined by incubation with nalidixic 
"-0-907. . acid, an antibiotic that inhibits cell division (Ko-i 
 gure et al.. 1979). Mlicroscopic observation afterfluorescent staining reveals elongated cells (ac-

I/.'livelygrowing microbes) andSoo those of normalsize and shape (dormant or dead microbes). 

Another technique for determining bacterialnumbers and the spcinim of actively menabolizing 

o
0 Y) 10 ,5.10. cells is autoratiography combined with direct mi-croscopic obseivation (Brock and Brock. 1968.
9. c.n Waid etflcsJRE 7.8 
al.. 973: RHmay. 1974; Fliermans and 

Schmidt,C~ornpa,tin b .ii,,r. .n,,rraoata ount, t 
1975; Hoppe. 1976. Faust and Correll,,ieiii
- 1977; Meyer-Rcil. 1978). In this method bacteriaCt mei , ..,,Iurlii , 

i, 
datiila inforph.. (Inium TnhllI 

fatl awim. arc incubated with a radiolabelled substrate, such., 1973: rrMnid Isv p"nuilton
of svJah Nalinni iI.-was Isttinrit.) 

as 'ritiated glucose, collected on a bacteriological
filter, which is placed on a glass slide and coated 

with a photogr;iphic emulsion. The actively me-:abolizing bacteria are radioactive and can be 
identified i% the dark silver grains surrounding 

T .8arbac~SConta obac eria Area Season/Year Direct count Viable count 

4"C 
 2'0C 

Winter 1976Ice 9 IiW 6.6x 10' 4.5x 10'W,ter 
 Summer 1975 8 2 X In' 9.6 v 10' 7.3 - l0' 
Winter 1976 I.8 ,t' 6.1 x to- I.i tO' 

Summer 1976 5.2 * t0' i.x 1()' 2.7 x 10'N.W Gulf of AlisLc 

W.er Suniner 1'75 111 III I (1 t1" 5.2\10tN.E Gulf of .\l.,,ka 

Wi.ncrWiier 1976 I 4 • Ill" I 1 I1" 2.4 tM 

AfterKn.mko el at. 1978 

I L 
1i11anhlic
-1 011of Rohim nusgrnnl.sm,Ii o 

-


Sample Number R. japomicum 
meck, after I I1 soil*
platingi Uninoculated I10-inoculated 


2 4.1 x 10' 6.2 x 10' 
1 4 9) tO' t.9x 10' 
.
 4 9x t0' 3.6x 10'

N.T. 6.4 x 

N.T. 1.7x 0' 
,-T Not Tctci 


. ci't n Eu'tni., of 211microscopuc field,
per%ample. 

Nlicr ti,h.mtl ant.S.imidi. 1973. 

the cell. Applying this method to nearshore water,imples indicates that 2.3-56.2 percent of thetotal bacteria arc metabolically active (Meyer-
Rel. 1978)l(Table 7.10). 

:,lectron microscopy instead of light mi-closcop. can be used for direct counting of mi-
Ltooraisms (Gray. 1967; Nikitin. 1973; Todd 
ci al.. 11073; Bowden. 1977; Larsson et al.. 197R).Rcsulhs of enumerations with %canningelectron
microcopy are co-mparable to those obtained bycliflu,,iescent microscopy (Bossden.7 11).Caution must 1977) (Tablebe observed in the use of 
electron microscopic techniques because of the 
peissibdity of producing artifactare when specimensmcial-coaled to increase contrast for obser-
",.ion iand when ,pcimens are placed tinder high

%.cuwi 
 As magnification increases.-numerous,lc:iivfields may have to be scanned before anucroigi nism is observed and. therefore. elec-
Im tlicioscopic observation has been applied
ni.iin, to sample, with-naturally dense or arti-
hi.ialb, enriched microbial communities. 

A n.,itcle counter, such as a Coulter counter. 
ii. ;il , ic ioestimate diiectly numbers oftisel


"Cill,.f f mii Kubilschek. 1969). The Coulter 
Lo.ink, i clectrorocally me;isures the number of 

Determination OfMic11-1h1la Number, 

nomm
 
particles within 
a fixed su/e range. Sc 
timaics or bacteria and pitozoa can i, 

by setting appropriate size ranges. Tht 
with Coulter counter analysis is that .% 
living particles are counted together -A ,
organisms and this difficulty has limite,J
fulness of this method. However recent 
in image analysis permit the specific re, 
ofmicroorganisms in complex samples. 
be expected that cell sorters will seet 
usage in the enumeration microorgani-

Viable Count Procedurs 
There arc two basic apploaches to vial 

procedures: 1) the plate count techi2) the Most Probable N unber (MPN t,.

All viable count procedures require S; 
of microorganisms into individual rept,units. All viable count procedures arcfor certain microorganisms; the degree
tivity varies with the particular viable c,
cedure. This selectivity is a disadvantar. 

trying to estimate the total viable microl 
mass within an ecosystem, but it peril 
estimation of numbers of particular I. 
microorganisms. 

Plate Couni Aethods The agar pla:
method, which has been sidely used for tmeralion of viable microorganisms clbacteria, has been severely criticized (p, 

1969; Buck 1979). The problem lies in the 
of the method and/or the misinterpret.,the results. All too often users of this tcfail to recognize that "'total counts" cat. 
be achieved using this method.

Plate count procedures employ variouand incubation conditions. Agar is mo,, 
used as thelsolidifying agent because mos: I 
laAk the enzymes necessary for depolyin. 
agar. Dilutions of samples can be spriad 
top of the agar (surface spread method).
sample suspension can be mixed with 0just before the plates arc poured (po..
method). One must consider whether the 

http:grnnl.sm
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I ireni vtrI,'of Nndp-r,. llornias, and Ativlitli. In Stlr
.B 	 lrhn V.eanno 

J tancroft clal.. 1976: Jenkinson and Oades. 1979).The sorption of ATP i:erferes sth its xtnctior 
and quantification.plant c:lls.or animal a iddition. the presence ofwhich also contain ATP, 
lmits oa ia lhtof hi c als ont ATP.o in eco-thatlimits applicability of this method in some eco*C. 

Pcrhapm%a bter measure of microbial 	 hio-, t hut t notmas, tnc meais miacccpted,ate poolis the totalasin,,nstiveadcnvlate topoolmetabolic :helAvt. T adenyl.talTe: A1
ATc + a-I)n' AMP "tle 

= 

total iatcnlalc pool is 
" 
asetrmidescribed+ A131 ndiordcr to calculate cnergy charge.later in this chapter. and can con-

ei bed lt nous to a te num andt hers biomass of microorganisms The
advantage of using A is that 	 it ds1 not varyih 	 SoAitta 

, g duheorg
idu-% changwhes
ricages imahghyactivtieorn-einnution o imd_--
on th•'h 	 s igoetaldeterminations of the total adenylac pool ;re 

th toAl ca crilon the physmological madumenyt olhreofe,
aT of the organism Whenused inconjunction with ATP measurements, the 

logical ctate of the orgs ims within the sample.
-l-ogi....nhcalula
edr e anst 
 w incte scan be calculated WiHe and Bancroft. 1975;

.; 
EC),K r andwh ind).nd cha geichi, en 
,E C) .€.c .ni',c ="luae 	 alc ulate d of p u t i s,,,., All',
',na.ir,,,e . d.iwng Lar.e 	 ADPra+o of..a% EC =n" r I,' . ,na AAT hetvmiedby gom illim rhinAm leipultirm 	 cel soaygrowingtcellshaveance a ve a. "; i. ni ped - EC ratio of 0.8-0.95: cells in stationary growthphase have an EC ratio of about 0.6 and'l.rln ara.1: t'.1 rlh-o f utm Ca r ollna 	

ce-
nescenl or rcs:ing cells have ar EC ratio of less 

Irooi '-Hansen and 	 than 0.. ,Booth. 1966; Holm. (ll WaI Cnr,,,tetnHolt"3 l'.c 	 Almost all bacteriaaind Biothm. 19766; fomi,R ):n 	 l Coi marn.I( tcrl t l'ams. 	 aW cditheiWil 1976) for oil contain 	 clswalls bandteiAof 	 beteen'in ,,iid 1 convert ATato biomaes 	 their cellwall% and theespcific
(A ,mi 173. 	 rclaion ofhip.	 between murceand hacenaJe nkinson9 ,n and Oade. makeaqmu
e. 	 anmealon of this cel,ics. ando%%e,.,r.Jenknon.ite aunc19 9 oTf 	 allcomponentetmatre
.There are some tiful for
ing ;and C h~ie.tima Mority. e175.197 g bacterial hioas7 (m9lar1977.).97he 
'.inI 1 fonlaha' ;id upon ATP measure-

So, te 	 King anal White. 1977. White.nsnacra.rcainisnai% alter their 	 et a..trath r.adi.aliy when nutraticnalATPoir asyfor niriami6 ;acid 
1979). The 

',g,.I c ondita ns change. is based on the releaseof lactate from muramic acid and either enzymaticAlso. in some tMori 
ems um.h ii 	

.:rly.1977) or chemical analysis (King ;andare.lnrnphl/
' soil. sediment.inent and nearshore White. 1977t to determine the concentration of 

The conversion of muramic acid measure. 

bactcria havements to biomass assumesa ratio of ta g MA/mghat all Gram positiveC andall Gram negative bacteria ,ave 12 p.g MA/mgIn reality there isagradient o concentrations 
of muramic acid in Gram positive and Gram neg.alive bactena. Toaccuratly u!,e
isneccssar 0oa ' the pr portionsthis method.of Grami,csn ,aenegative and Gram positive hacteria in the sample;
erroneous esiriates of these proportions will yield
inaccurate etimates or biomas.Gram negative bacteria contain lipopolysac-
charade as part of their cell wall complex. Li-
popolsacch;,ride can be quantitated using Lim-lu amoebocste lyate (LI'S) method (Watson 
et; .1977. Waton and Hobble. 1979). This
method uses an aqueous extract from the bloodthat reacts specifically withcelk oif horsehoe crabs (Lin/uds polyp aes) 
to form a turbid solution; the degree of turbiditylipopolysaccharideisdirectly proportionil to the lipopolysacchariden 

concentration and can bt quantitatively assayed.

Beca,,le lipoptilysaccharide 
occurs only in thecell ;i.allsof Gram negative bacteria and occursi a relatively cons tant . isa usefulproportion it 

mehod for e ,i
aing n u mbe rs orbacteriain 

ecosystems dominated by Gram negative forms.de9c7g cncntrtinsrsniw
The LPS method isvery sensitive. capable of-.IO0/m
detecting concentrations as low a t000/mL andcorrelates 	 an

cllwith counts obtained other 

measures of biomass (Table 7.12 and Figure 7.10).To estimate fungal biomass, chitin canmeasured (Mit.1973: Sharma elal.. 
be 

1977: Wil-
loughby.
Walls of 

197.1o because chium 	 occursman fungi but not in the cellin plants or othersoil ,nicroorg.inisms. Measurement of chitin cantherefore be uscd to estimate fungal biomass in
the prcence to determine fingal biomass
can he used of other microbial populations andasso.-

cialed with pl.ints, including plant roots in soil.can bresedc tofdmineina-hepresence u microarhropods though, doeso mas assoughd of 

ne r with s c dNterrinaitiaine
 

Assuming the absence orpants, it is pos-and OiJier I'l.vthe.i¢ PiR. 

D"t"Tranatli or,%lirrl,1hd B1ommss 215 

sible to estimate numbers of photosynthetic alae 

photosyntheticand bacteria by measuring chlCohen et al.. pigments (Edmondson. 1974.1977; Holm-Hansen and Riemann.197).Chorophylla. the dominat photosynthetic 
pigment in algae and cyanohacteria is a usefulmicroorgansisms even though there may not bemeasure of the biomass of these photosynthetic
a constant relationship bet-ween biomass andC',.forophyll content (Banse. 1977). Estimates ofthe biomass of photosynthetic microorganismsbase; upon chlorophyll determinations isave been 
found to correlate well with such estimates based 
upon ATP determinationsChlorophyll a can be extracted with slvnts,
(l'aerl et al., 1976). 
such as acetone or methanol. and quantified bymeasuring absorbance with a spectrophotometer
maxima tousing a wavelength of 665measurecan be adjusted to the corresponding absorptionam.This wavelengthexample. 850 nm 

hacteral chlorophylls; foris used for determining the 

biomass of purple photosynthetic bacteria. It is 
thus possible to estimate the biomass ordifferentphotosynthetic microbial populations in the samesample by estimating variou chlorophylls that
 
absorb at diff
erent wavele ta r
ngths (S nie and
 
Smith, 1960; Caldwell and Tiedje. 1975).cnaseob
The chlorophyll concentration in the extractcan also be determined spectofluororrtr 

W 

Sharabi and Pramer. 1973: Caldwell. 1977). Chiorophyll a. for example, has an excitation wave.length of approximately 430 nm and a wavelength
of maximum

The fluorescence of ;approximately 615nm. spectrofluorometric determination ismore selective than the spectrophotometric

method. The double selectivity of excitation and
fluorescence maxima tend to reduce interference
of nonspecific absorptien that may affect spec

trophotometric determination%(Sharabi and Pranse
mer. 1973).cii a1o9t73ta)mya.et pc 

in relatively constantDNA Concentrations of DNA are maintained
organisms and determination of DNA can be usedproportions within micro. 

http:a1o9t73ta)mya.et
http:0.8-0.95
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,,at,
d 4'e0l 

anmt. ni, 

1.rm,'r.r.,,,, 

G__rnt ,-ip., 
',r.,m Pi,,iitc 

Ihirillri 
;r.rn NI.,rieGmI V.Ii 

Urcr Klon.,im. 1977 

eof nmcrol'.iI bomass 'Holm-Han.en 
Ilobbic ci .,i. 172: P-ul and Nctrs. 
s and Olhin. t'St5i. For environmental 
'icre scnl it is critical for accurate 
minaton,. icaciion with fluorcccnt 
i thhili1u hinreide or Hoechst 3258. 
,,fhuorc;r% .,ia .cneratll. emploscd.
ificati,,n ,,Iilr )NA is ncccss;ary in 
..s to prct, 11 interference and itis 
-control lot ric prcsence offcukaisrotic 
mate, of I,m.,s, based upon )NA 

LMSi.sei lir-,-i esmna orararim (itte 

.'s in 10 ""!tr.m
. Wi.'m, Cl *2.. Ith"7i 
lirl-Ina l: .%itn'irnn Sorht" for 

- .. 

S"In 


.,. ,r.,,ajmL 

Muramic 

Cell C ATP acid 

__ __ Par__ 

q'l'Ili toI
' tr 

Ic IcY. ii tn 

determination%and those by direct counts show 
significant correlation (McCoy and Olon. 1985). 

Prtein Protein is easily quantified (Lowry 
et al.. 1951) and bacterial haeme proteins can 
be specifically detected by chemiluminescence 
(Olcniacz c at.. 1968i but the use of protein 
measucmcnt for csimating numbers of micro-
organisms is limited to situations where back
ground protein lcvcls arc negligib!c. Also.different 
microorganisms contain different ammuints of 
protein and thus. protein determinations arc best 
used for cstimation of microbial biomass when 
only a single population is present. Hence. total
protein measurements have only limited appli-
c;ibility to environmental samples. 

)'hiv.
hlugliral AplrichIs
llmuist;)tcre zntlstt ro n 

Phyioloeical approalches for ctim;iting microbial 
biom.i,, have been developed based upon rc,-
piratory activilc . One such approach. sshich 
has, been uscd to meaiure microbil.l b omass in 
sort . in vo lves fimi a'c ltm sort w ith chlo f oor m a ndng r 
then measuring the CO: rclcascd from the mm-
erat/ation of the microorganisms killed by the 
fumigation (Jenkinson. 1976: Jenkinson and 
ilowlon. 1976: Anderson and Domsch. 1978a1. 

fli piocedrure he .oil microbes are killed by 

,fum i ation v lh C IICI,and subj
c td to m ineraliiaton by rcinoctilating the soil with a small 
amount of the onginal soil: nonchloroform-trealed 

soil, incubated under the same conditions act as 
controls and the amount of microbial carbon is 

calL 'hated from he difTerence between the 

CO. C evolved from fumigated and nonfumigated
samples Conversion facror. of 0.4-0.5 are rec-
omrmcnded ba-ed on determinations made with 
v~n,-ms r;adiolab lled hactinal and furgal cultures. 
Averiage rnincralilion ot33 p.rccnt for bacteria; ftngi is 44 percent and. %suminga bacterial to 
funyil oiomass ratio of 1.3 for soil. the combined 
average mineralization should be 41 percent. A 
high correlation has been found between soil ATP 
and hiomass determined b'this fumigation method 
(Oartes and Jena.inson, 1979) (Table 7.13). 

Another physiological approach for estimating 
microbial hiomass involves measurement of res-
pirarion rates after substrate addition (Anderson 
and Domsch. 1973. 1975. 1978b). The peak res-
piration rate measured during a ,hort period is 
assumed to be proportinal to the numbers of 

TAi .C .1.i 
co.par li f laaIlnat"l in willhisingntlons COCO -
and AlTfPin italiiimiols Evolved by 

Soil no. 

unrumigatcd
soil in 10 days 

(/u g 1 ) 

1l1 70 

2 205 
- 11 

4 20 
23116 

& I08 

7 117 


9 764 
76 

IG 259 
It 257 
12 5 

Ii 229 
After O.tle%and Jenkinionn. 11J79. 

Measurement orMicTobial Mtaubolism 217 

viable microorganisms in the 'iamplcs. Microbial 
inhibitors can be used in the procedure to obtain 

separate estimates of bacteria!andfungalbiomas. 

Good correlation has been reported between thispeak respiration rate method and the chloroform 
fumigation method. 

Meas'emnew of
 
,|icrobial Metabollsm 

Recent advances in analytical methodology pro-
vide the sensitivity needed to measure natural 
rates of microbial metabolic activities but it re
mains difficult to make such rate measurements 
th.t reflect actual activities within natural eco 
systems (Christian et al.. 1982: van Es and Meyer-
Reil. 1982; Staley and Konopka. 1985). The dif
ficulty lies in the fact that most methods require
manipulation of the system in ways that can alter 

CO-C :C
 
Evolved by 
fumigated Biomass ATP in

soil in 10 days C %oil 
(Jag g*") (Jag .- i) 

114 
 88 o.75 
315 220 2.07
240 219 3.14 

43 48 0.64 
613 754 9.03 
1.8 99 .90
 

1 1 99 . 97 
565 4 11 . 56 

565 (13 4.5 
14 135 1.37
642 766 7.00 
646 778 .5. 
119 201 1.32 

525 591 4.20 

http:Holm-Han.en
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t'airment of Numitr. Itiorn.as, ,and A ititit in SicTubl-g, oc?te,e .J 

,.c and ph,,phaa,ciVIies,phtpetrntrties.fa a,,a I%important that the microbial communityIN ties of a 	 notrclatvcl, lirc
,.,I community; other a,,s. 

of 	 Lronsuch as 	 iSuuznan.-piino surement'ithes. 	 beatrddrntheof enzs maticit assay the metatbtoli, 	 assasactivity isof cellulase. functions 	 proceduretoif the mea.inchitinae. and 	 reflectnitro- to maintenance.il of inimotn 	 actilVies accur.itlvrim condition'+. particularlythboumirba 	 Caution -eren reeec itmicrobiamituccole must bc given 

,Important e. mcntsa of the nucrtobml inithreference,Fablc 7.141. 	 i tip-riturEnzdmcs 	 moiture ctin oilsed in 	 nt,, cychng 	 and E.i:a 	 and incubationare of interest to microbial enough periods must be short,f particular importance are enzymes 
to preclude changes in numbers of mi-croorganisms. %hich could alter the levels ofen-for carbon 	and nitrogen cscline It zmes present in the %ample. 

UREFEKkR.NCESm ". 
._ r__ 

_ 
__(2Dc%crptiton 

sf.-la%, 

,e Triphcnythctra-ohlum Dhdrogena.es convert iriphnhntetrai,otium chloride to iriphent',c h lo ride h oj.n ,u n . th e rip hen ltnur .i,,.in i, c lr. lt.'d . tiiih rii th .,nol a n d4Uillil.ted sp ctrophoomp-Nitrophnol 	 tricall .hosph.ittscs convert the /'-nilrphcnot phosph.icphosphilc 	 to p-nitrophenolu hich is extracted in ,iqucous solution .iad quaintitated
cti-rionctrili 

Starch 1lhe amount of rcsidu.t 'larch i, quanhlotcd pctrophotomctricalth1I the inienit) oi the lue color resulting from i reaction with 

iodine.Chitin(elloi Production of reducing sugars Is measuredlldt'u, ofhii 	 using anthronc reagent.of ,inr %..gar riafl.cur%tgCalboemcIiIt 	 nnhred,is urcnrt .ini hronc reaglAent.I eloli% altercellulose 	 she vscosity of cirhoxImeth ti ivbc mcausured och can 
.etstci¢iI Ntro'n.ise beside, reducing: dlfnulruicn gasltN- Ni to ammonia 

NH,. is .ilso capable or reducing acetlene IH('=CHI io ethyleneiU.H .i. the rate of formation of clh lcnc can bepas chromatograph 	 m onit-red uing aruith flame ioni/ation detector and the rate onitrogen fixation can he calculated ising an appropnte conversion 
iaur. 

Nitrate Dltsimilatory nitrate reduclas can be assaed the disappearance ofuch a- nitr gen gas and nitrous oxidentra e or 1 VMe auring the evolution o fromn samples using a gasden itrtfica tonproducts. 
levelchromatograph: denitrificationpro__edure.the addition of acel.,lene.b 

__Anstovskaya. can pcrmitting a simpler assaybe "blocked at the nitrous oxide 
rr c d e 

the fundamentalNumber. biotjc parameters+of microbialbiomass. and metabolic activity are 

eCo)%%Stems Much remain it) be done to improveour accuracy and sensitivity in measuring theseparameters. Further advances in microanalyticaltechniques are likely to improve these measure-ment procedures and reduce interferences. It is 

equally important to be aware of the true meaning 
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M Factors on 
Microorganisms 

Ainic Iim-ins 
tola Gircla 

Lla-li"*%Las if tile NiiiiiIiitI 

'. txltho 
Jutus Litbig. a German agricultural chemit ac-

tlive during the middle of the nineteenth century. 
rco nicd th.it. like ;iiim ,In-i milettle. elements 
in a iting organim are present in distinct pro
portion (ILiebig. 18401. According to Licbic's 
law. the total yield or bIomat, of an% organism 
%ill be determined by the nutrient present in the 

lowest (minimum) concentration in relation to 
the reqircments of that organism. In any given 
ecosystem there vill be some limiting,nutritional 

factor, and hence, for example. crop yicld cannot 
be increased it the addition if esc%%phosphorus 
if the soil is suflering from a Shortage of nitrogen. 

.iebig's Law of the Minimum applies to mi-
croorganim just a it applies to plants and an-
im.a, Ircrcaw in the concentration of a particular 
limiting nutrient allows the affected populaiion 

to ro%%or reproduce until another factor becomes 
limiting. in a given ecosystem, the growth of one 
microbial population may be limited by concen-
trations of available phosphorus and adding ni-
Irogen ssill not permit additional growth of that 

population. Within the same ecosystem. however.begrowth of aother microbial population may 

limited by concentrations of available nitrogen 
and the iddition of nitrogen would permit funhr 

thon orgnismt h 
grth of Ihose orgtni.ms. 

Sh llord'. L i of" Toler utce 

The occurrence and abundance of organisms in 
an cn ironimCnt are delermined not only by nu
tnents. but also by various physicochemical fac
tors such as temperature. iedox potential. pH. 
and many others. Shelford's Law of Tolerance 
describes how such abiotic parameters control 

the ahundance of organisms in an ecosystem. 
and states that for survival and rowth each or
ganism requires a complex set of conditions 
(Shelfotd. 1913). For an organism to succeed in 
a given cnvironment, each of these conditions 
must ienain %ithin the tolerance range of that 
organism nd if any condition, such as tempe-

atur. exceeds the minimum or maximum tot
er:inc of the organism, the organism will fail to 

thrive and ill be eliminated. Consequently. psy
chrophilic microorganisms cannot grow in eo
systems gith high temperatures.; obligately an
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m.'.inim',cannot s.rise conditionstheoexhre- populations canwofret alter the environment in such ao hr s nn d i s ae reis ae e o be t 
sgcn tension; obligatels halophilic mi- way as to allow for or prcvcnt the growth ofTeetee f n rlietl odtosta 


nnot grow in freshwatcr lakes: and so other microorganisms. For example. a microor- microorganisms may have to tolerate include:
tole.ance ranges of microorgatnism% ganism max produce acidic metabolic product, high temperatures approaching that of boihng

ttuaona of chemical and phtucal preventing survival in that eco, mpproachg ahe freezin.0ucatinet do not determine hich croorenim tha cannottolerate condm of los, acidic pli value,. high alkaline pH values. 


es st utethern hich oniss a icotorae conitins
oxor h high sah concentr.aion,,. lo%% water avadabilit% 
,mscan be present on a sustained basis mc high irradiation level,,, los 
Omscner 

out a metabmipic activty. such a,, rogen lixacon concentration,, of us-
whose by-products are requc d for ro ih by able nutrients, and high concentrations of toxic

ost'. whoseprey-productscare renuarodeforigrowthibmcompounds. Many microorganisms that inhabit 
,i, the presence and -successof an another microorganism. in examining extreme environments. including hot springs, salt 

of organisms in an eco "grouptem Another important conideration examining lakes, and Antarctic .
 
oth on nutrient r.equirements and on liiuting or tolerance factors is asailihil. A tu- tied adaptive dhse, soi posess Sperit

tOdum. 1971). The population levels ' trient may be present in an ecosystem but in a them to phsveauniological features that permit

Lc:.:,s,,ms arc controlled in an ecosystem foim that is not available to microorca.nismns. A survive and function within the physi-

i.i~niity and diversit.\ of materialsc for microbial ecologist must consider not on ." ctems 


have a minimum requirercni. by preence of materials but also their availaboty (Alexander. 1976: Gould and Corry. 1980: Kush-
and theh~vscalfacors tothemicobe. xamleofitsical factors, by toleiance an bythetolcanc Txic ompund,, orito the microbes. Toxic compounds. fr example. ner.microorganisms19S0) inhabiting extre:me 


he organisms themselves to thce 

1979. The membrares en\'tronand nz fmes 

" and m.v he bonded to particles such as- clay and he inhitig t t"m en t.softeno h ismaisedistinct modifications.ex eviron-a pcrni t o 
ponents of the environment. Tolerance unaivailable for interaction with nhteroorganisms:%. cisle n pat t a c~ter arc interact is, c 'sit lh iiiic lroorca n lisni *hi 

, are pro tect ed fro m the direct ef -i n b t a t l e r m , o t.1 in nop te reionment.erance uni ga nsfore rotected frmth e dccri a n m t b l c a l , t e ,tf.s, them to function under conditions that wo:ld 
ilctcrs and thus. a nthirtxiruonls,, shl,.h tccs otf the toxic material in su.ch iation,ind inhibit aci j ertnspori and mctabolic acti ties

:,' able Ito ur\ivc at a pirli-ul.t icn- con therefore tolerate higher conc-nitition, f in orcanism, iacking these adaptive features. 
0 .in e. 'sstem \siih a parictl It\,- the tosic substance. Reduced .is\.tlabilti ol re- caue rcl..tiels f\ It1iciobes pos(sess these ad-

out ut lm.%% ,is ttiiict.' sublances can prevent niill'bhl.gi o%'.th. cptatiorls. di\.ri, in c\trenme environments.tion bc .,ble to ,.ii 

tIn tcnipcrautirc in anoiher eco,%-tc't Water or nutrients, for ex:mplc. ma beconie gcnerily is loss 

;cicnt h. drogcn ion conccnirali,, I tic ,sind .nd unavailable for rnicobi.ol tipiake. l.ack 

c nature of environmental deteritnimnt, of availabilit may also occur becatsc the chcmical Triimpmerattire
 
LI lie itak of mici ob hil,'-- in I, IlI the \ rong form For c rnplc, nitrtcen .i 
 rsI l' the conirolling or limiiint: lt,ior- is present in virtually all cco,\stcrns, but this All n t e tur e \ttb r isiid 

ec, 'sscms. Ne\crthcless. |it , be- tormi of nitrogen is not usable by most micro- h sgrothru antsi och.. tncty of ph%sico-chemical conthtton%. orgainisms and. thus. in many ecosys.tems available highest gros ib te.exbtrher-andi reproduction rate.
gani ms alo ha\e nnimal growth temperatures

oitge one can be identified that. b\ cx- nitrogen is a limiting factor: phophale is Un- belos,, which the are metabolically inactive and 
he tolerance limit. e\cludes an or.'nim, available in ensironments that have hieh i\alent t - . 

do not demonstrate groswth and upper temperature 
it'l~c, Iol eniionmcnI.l htctiiiiints Ilto ii Insoluble and unasmtiltiblc lor cIobial limits be and %khichthe\I fall it grow. In most 

.icrac condition pre%.ailing in aI large iplake. 5. tcTIrCiitiitc fluctuates on a diil. 
d fail cnoner e isene oh randto n i- seasonal basis. Measurement of temperature:Id fai to conscr the cisiene of ni- at the time of sample collection does not reflect 


,,t\,tlt% tne. As an exampte. thic otal U'tiolriN1flet;Lf Dt-tenirin.,uIt the range of temperature% "hich the organism 

must tolerae. nor does it indicate whether that
,,lien considered to be an aerobic en- single temp'_rature prevails during the entire time 

,t because of the continuus, pass age of Having consider:d the underlsing rcasons for of microbial grosth and activity. Considering the0h t but there are anieroiic micro- examining the physical and chemical properties temperature fluctuations that occur in most hab
kithin the oral casit\ sshere obliate of an ecosystem. wc shall not% consider some tature fltuis t cmost a s
 
stirsise and gro. One must alo con- specific environmental determinants that control tat adte alites o mo microorganisms to
 

around their optimal

t~mt tatintratiosnieroiamon coystm.growith temperatures, the recording accuracy for
miroial grsvh ad atiityinan 

tcmperature in most cases need only be to the 
degree centigrade.

Both the optimal growth temperature and the 
range of temperatures that a particular microor. 
ganism can tolerate determine whether that mi
croorganism Aill survive and what role it %%ill 
play i, a given ecosystem. Some microorganisms 
can grow below 0°C; others can grow at almost 
100°C. Microorganisms are classified as psy
chrophiles. inesophiles. and thermophiles, re

ther o a g 
arecti-ely. if their optimal growth temperatures 
arc low (5-15'C). moderate (25-40C), or high 
(40-600 C). A typical growth curve for a marine 
psychrophile (Figure 8.1) indicates that optimal 
growth occurs at 40C. that the organism is capable 
of growth at - I 8'C Ithe freezing point of sea

ater) and that the bacterium will not grow atWofrabove 0 C "(M orita. 1975).
 
or bv 'CMon.17.
\, ' p to i o r s t wh iIt, iis of interestc ro h considerr then adaptationss g 

that allow psychrophilic microoanisms to grow 
In t.'nieraiure 
msophilic organi.ms. In mos mesophilic or
ganism,. a control mechantsm shuts off protein 
synhe,,is if temperatures fall to approximately 
5C or loser: psychrophlic organisms apparently 

i- ranges that are prohibitive to most 

AitAar lh ptrchstiphlle duin 80 

tmcir i-mthatjion. tile s bi optical drnir,, ..tmnslngh.. t'im grh -iroor-rat.. and rrs rited rwgr of* ... 
iil-nt-h-tiswr Itaint. (from .iodlia. 1975; nr'rpred In

rnt.on; meria.ne'ien for hlicrobiutog%.)
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Ijjsrt, of .biotlic Faraor ost Mr!corgantsm-, 

to overrde lhese control mechanismsI Ingraham. l97tS). 

,,Gri, nt it Hach Te-mpcrotirei High 

re :idaptaions of thermohilic micro-

n'clude h:i:h proporlion, of saturated 
.tirane. v~%sch preent melting at 
rmiurs lLampbell and Pace. 19M; 

1979: Briock. 1978. Many thermo-

i ore.inism , produce enz mres that are 


1s denatured at high temperatures. 

inu'tial amino acid sequences occur 


proein of thermophe,..stabilzing 


prrn%;it leaisof tmialeis. (abi g
ecms at elesated tempcraiuies IZuber. 

ie t"hrmophles. shen grosing at tem-near the maimal grossth temperature. 
near th maxima 

,no acid and grossth factor requirements 

,appani .it the opiim;il grosth tern-
ieimnr;ttiiic-depeneni hi, aiesoiriphy 

i~ ~~~~~~ 
tot s lec tice l ic i in , c ti '.. it on of .crita in 

ph\\anim's 

p h Th aimuhe lder,,nx m at i.'o h 

rise thcrniophaiuc cells. coincides sith 


i 
t o I thei riboones When the 

grs . Ut lper.l tlire is ecdi ul. the 
niell and protein s\niheis c,:.scs. 

;r,snes otihertuophilic nittoorganisms 

nia'r r pornon of hich mo'lecular 

I branched f'ail% acids Ithl IPermit themStheir s.emipermealqe properies at high 
ethermtphl hase rltivel high

ie .,. Th e rmo ph le s,hav e r la tiv c lv hig h 

of guitnic ,ind c tosine in their DNA 
the melting point and add stability to 

Smolecules o these org.inisms. 
pI, i in t ses cral areas of nat-11. 

,id dep-,crihgh terrperatures,hsdroihermal namel0 %rringhasehotvents. 
.aiddoe-'aents hae 


.:nsscly studied. Bacterial gross\h at 


.rc up to €0<'C by a natural population 
from a hot deep-sea vent has been re-

ltlross and Dleming. 19S3. Baross et al.. 

it the csperimental proof of this study
,inag contested tTrent et al.. M984).Mi-

"os.th has been unquestioaably measured 
-r;tures tp to I 10C in cultures of ex-

-hicriophilic bacteria isolated front shal-

ito' and deep marine hot - -:ntswhere high hy- these species include member% of the genera 
drostatic pressure prevents boiling (Stetter. 1987: Thernits and Silfioih:,.. PI'm iis .sterrother-

Jannasch and Motil. 1985; iLeming and B:aross. nmophilus is often the dominant h:-t.mrial species 

1986). The extremely thermophilic isolate% oh- in temperature zone%of 55-70T.C but r,,vy other 

tained from the hot .vents, most of which are microorganisms. including canobactcta and al-

in such habitats Cyanobacteriaarchaebacteria. are all anaerobic. s ith gromth gae. also 	occur 
layers of gro'sth silhin spcclfc zonesrinee from 65' to I Wl'C and growth optima from occur as 

M- to I05C. One of the thermophilic. mcth- of thermal ponds. gros ing in hivher temperature 
zones than algae. uhich irhrestricted to growth 

anogenic vent isolates differs from all other ar- bow than 

.chachacieria in a macrocyclic wd.mpC.ature
having unique " 

gl~cerol diether instead of a tetraether as the 5

polar membrane lipid, which may explain 
 the Srirtiil t',id Dhith , . 1a r),ii??ii nl 
rctenton of membrane fluidity at eirxtremely hngh and Low Inabilitv to growTemper itrt% iigh 

rtenpeatin ofs.me mni at exoremel hi 	 at a particular temperature does not necesiarily
temrp=ratures. The warm vents (6 ° to .3 C) contain 

betseen 10' and 10' cells per milliliter and ,ig- lead to the death of a microorganism. The tern-
nuficant nunbers of bacteria (l0'/mLt can b," oh- erature tolerance of endosore\. cysts, and other
nficantnumberofgbactrias(I 	 welan vllgro\41 temperture. 'Im lino,-\rcn.nanstaesen% 	 knta.ivnd 

s 

Thermophilic carbon doxide-, sulfite-, 

served in hot (greater than 300C) vent water. 	 g 

and sulfur- cells can survive for periods of time at temper-
rcdnunng ba.teria that use H- as the source of ature outside their inctnse gros.th range Sunival 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ amirepy att icitupit-elenici te r-edib:nlbacerastatheeH:aor-esorcetersi 	 ~~~~~~iso t e nl grc a: [anlect r o ns a r e the be st can did ates for p oss ible ism %th tc c d t hr mopl e %ae r 
gro th range and thcrmphiles are fr.-

mcrbia a inov - quently isolated, for example. Irom 

seaater mixes below t r hi htorowitz ci al.. 19-'i 
drothcrmal fluid. Although microriniin,,n, inav sur :ic low 

cties the surface with rimg h 	 Antaurctic soils 

NIcia sents in areas of volcanic acti\it may r. the.ir cr. i i.s ,i metabolic 
ha\sc temperatures of 500*'C. and many hot spnngscs h t h 

ha\c teimperatures near 100C. Microorganisms 	 activities decline belo ihc uptimtal temperature. 

I mng in hot springs obviously must be adapted 	 In the microbial ecolog of food%. this fict the is 
basi of preservation and increiin h luc 

to function at high temperatures as kell as loss 
concentrations of organic matter. oxy'gen, and, products by freezing or rflnoigeration (Derosier. 
dopenin o th gaiculatr oysprini 1970). Lower groslh rates and mclabolic activitiesd, rpe nd ing o n t he p a r ic u la r h ot s.p r ng . eith e ra r e x i 	 t d r i n . i c o r v i ms n n tu lare exhibited bs niany rilcroirganisms in natural 

;acid or alkaline pl values. Despite these extreme soil and aquatic iabitas,di ii ig, inter sslien tem-

conditions. several tlicroorganims do pi, pratures are loss. eitpcr.iimctne be the gross th 
features to fture cr.'the ;adaptive necessary live in hot 	 rganism." h_ 

spring habiats.the organi. hoseer. frequently result 

hot spring habitats are obligate Ihermophites ;and in death of the organism Son microorganisms 
are restricted to growth at high temperatures. produce resistant resing tAges. such as bacienal

~drtherai;ae rstritedtoendos ores and scrotia ot funci. sshich permit
n a lfunThese thermophilic microorganisms have adaptive ns r a 	 a d t mper - ,at h icheitsurvival at elevated temperatures at s.shich veg-

features that allow them to carry out active me- etative cells of that organism s.ould not survive. 
tabolism at temperatures over 60C. Even such resistant restng stgC, as the bacterial 

Microorganisms occupy habitats of differing endospor has- upper tniperiure limits foruhh 

maximal temperatures along the temperature sriv a ve uspores)
gradient from the source of the hot spring, bacteria 	 sriv fact that elevated kill mlemp.ratures 

being the most tolerant of the elevated temper- 1spores)
atures (Brock. 1978). At temperatures zhove 75C. 	 croorganisms is used in the preservation of many 

only a few bacterial species can survive and grow: 

items. Concern with food products generally is 
with the relatively resistant organisms that can 

cause spoilage and disease (Frazier and Westhof. 

1978). The resistance of organisms to elevated 
temperatures is expressed as the theia;-al death 

time (TDT). the time required at a particular 

temperature to kill a specified number of orga
nisms. Examples of thermal death times for several 
bacteria, including endospore formers. are listed 
in Table 8 . The TDT shows the equivalent limes 
alo temperatures rquiret to causee identicaland required aus ani n enti cal 

reduction in numbers of viable microorganisms.
These are used by the food industry to determine 

the appropriate processes for the pasteurization 

(reduction of numbers of viable microorganisms) 
or sterilization (complete killing of viable micro
tcnireanativm aofpaorouuctrcan.sm 

The effects of temperature on microorganisms 
are interactive wilth other environmental param

ie% a markedrffte-oratseitample, moisturemharCsha ama in-ine i t h e t a l et h o ma ni m s 
thence on the thermal death of microorganisms 

Moist heat is more effective in killing microor
ganisms than dr- t-eat. Whereas 15-20 minutes 
at 120' C "'ith steam is adequate to sterilize many 

nriaien~nls t1kbhns bnctenotogneal nicdia. dx heat 
. t 

at n6- IO C for three oi four hours is often 

needed to achiese similar results. The pH also 

to be mure resistant to high temperatures at neutral 
pH than at acid or alkaline pH values. 

T5RT.i 
Atpht.ia, iins-niw *tissl. for I-wri. 

_rlth-n r_et_ _ra 	 --

Time Temperatire
 
Organisms imin.i iC
 

Esvh'rii /uw, ,li 20-30 .57 

, 19Stphihii'C, turrui 60 
a 

50-20 IU 

100-330 100 
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•hitos'nythetic actvit%ol.itge. the% temper;aturc flucit-ations ;and their usefulness, 
'hallow. O\\ cnation is iiii:jtl in- therefore, is largely rcstnctcd to ,airmcr climatc. 
- onequent odoi pi I tcir treqiuentli . tre.ted ,e',ae ai, dischJrgedrH'-i:- NlMit 

,st ro wici l ei ct. .IIit .; . I el i I lac c %.. .tcr,.. 'iiI in wsi icII id irea lf-

tlieiit tiltac" %.,aer tle 11,\i 1ia | e\il In Ad-


thiton. it nia. e nLet sarl it fegenerai the 

h.ilt t ie ' ... 0.h II.ii.ll , gromillh\oler rcino\ed Ihom \i 'lli 
 In slch .ii'.IS. 

,ss gIa- tri.d trr-inrr . endraeih-r parti:ally treated sc ace is used for giiound atcr 

- -1'.. 4"li, fotcre..,,,i.ld ,h pill i,'-e iaill iiiit icied'l.d o[
n md'.ll€ ii llo'hiltr I,..- l,.r.mAdl, I1i.eii, 

",ci e iltihis t a..let. . i PlheiTir hnd %iheit
-jaiehci .iir e pelliu. ,i eced 

I.l efI the 'i.aii. Uie-' irU.eeLe,, ' through ;a enes of holding rond, I tie lirt holding 
lc-ii i .Si'rli e I e e. pond tends to reaeraie the os\%en-depleted i%;ia r. 


,i- and iec-cie r.ecee Atler selling
eh hs ,f mti, if the al Ia and bacterial% ,.... .s.. II thee e eieeee.(i f leece . 1'-77. loii a\i.lss a I' I ii|l cried ih' large. .oi 
-eeIeejiijeee me eieih 1itee lee~iieiec ieI'. ueiilratton plonds Ironll these inhilratlionl ponds 

if i p: 
the at1ler Iloi\s lhrough natur.leilld and soillyers ;ad slo ly returns to the undcrground 

- aquifer. Cloccing of ihe inliltralon ponds bi tin-

degraded microbial pol,,acscheridesl and by ac .......
c ullation of reduced ferrou sullide is%a recurrent 

in groundsater recharge o TheL problem is countered by periodic rest periods for 
t..c It. rhe interruptionsindividual infiltration basins.L{. allow degradaUtn of the exec%- pk'secchariitle 

and reacrate the sediment of the eeeiltration pond, 

%.ith the concurrent osidaton of the e l: ngc
lcrrou Nullide. 

Anaerobic Tr*atnten-st-==

r Tnle:Anaerobic watlcsater treatment methods arc 

sltmer. but sse the cnerei neccsary 

for forced aeration. Some anaerobic treatment 
syslcms can also Avage a part of the chcmical 

content of the %talewaterh) generatinga useful fuel (Cillic Ct al.. 1969. Tsecrien 

and Hating. 1969: Zinder. 1914). The simplcst 
ircalmcni %cm a%the septic tank 

IFiure 12 181. popular in rural areas slthout 

scsser %%stemis. The s'rcanies in the s%.iste'sater 
undergo limited anaerohic digestion Re,tdual 
,old, Nettle ti the hitleni of the lank fhe Jlai died 
et lheit I dtributed o\er .i leacigiiii held -,%here 

dissilked oegnic% undergo oidoiise bii'deL'rai 
d tion Septic tank Ireatnict di ,, not rli|h k 
destroy inlestinjl paihogens ;and it is important 

that the leaching field not be in the proximisv or 
,\,ater %eclls. The ImholT tank I Figure 12 19isI 

;n i rupro\s -d ser ic tank d esign lh til n l ni 

elrleceierl. coidiio , niore stiictl\. piIsu .'csse-ilc 
ilitliable nieth.ine, and f. ilitates the settllh g of 

slids. bit ieqt .iic, c\p' rt nl.imiteri.lnxe -1ulihe ff 
and Fair. 19i6: Mitchell. 1974). 

I,1. i".ii 

e.. eelI i lk. IInm Mttell. 1974 . 

Jriuee-et lrilsieme re.Jri.thl lnli-l.l. 
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S' 's 

vemo~a 
t'(,i°RE 12.19 

Diiagr..m ofa Inhoff lank. %w4plraic wi.ding rern. 
pl ! Is baltled In a mm . so as in pmrt gas hsbo

t

hl'fll r1fl 'nttii* t=ek cp into ii. The it
 

t hie'" o ,(l| i tr ti ee t. st bili - 1 .il, ;a r -

-A,. Iro Oni alii ,ni i tll" ,e......k .erl.ee"eIt
 

.iet 'i.. e ili,-It -s iii . ir e teh-lh1. 1974: rc.
 

rve-%cac ;anaerobic dw~c~tor,, (FiL.rc 1'.20) 
are itse for further processing ol scsiage sludge 

prolduced b% primary and secondarv treatm'ents. 

While anaerobic dicestors can and ha' e b en 
used directIs for the treatment of ewage,. the 
e i "lla'mie'conomic', ofi" hc %ituailor f;iawr Icrt,hic pr'CC,-e 

f-or such relatis clv dilute wates. Large ;cale an
aerobic dicetors'. therefore. arc used primarilyfor proccsincor settled %w.- e sludge and for 

of some ver hih BOD industrial 

efiluents. 
Conventional anaerobic digestors arc largc 

fermentation tank, designed for coninuoti, op
e a b-c conditions.d i s Pro,'isionsration under-'anlerobic P
taksueeeat L0mechanical miing. heating. ga clletion.

sludge addition. -and dra\off of stabilizcd sludge 

are incorporated. *he Jesor cotains high 

ar n5--.rid r ,J~~o iOl~inhg 
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Effects of Ablode Factors on Mlroorganismsn 

c'e 	 of Temperature on Microbial 
es In addition to affecting survival and 

temperature influences the metabolic ac
of microorganisms. In general, higher 

.,Mures that do not kill the microorganisms 
it higher metabolic activities. For example, 
,d 0: consumption occurs as temperature 
cs (Figure 8.2). The increased respiratory 
reflects the underlying influence of tem-

e on enzymes up to the temperature where 
denaturation occurs (Hargrave, 1969). 
change in enzyme activity catiscd by a 

ie in temperature is known as the 10-
temperature quotient or Q value. In gen.o 
. 'vies have Q,, values near 2. that is. an 

in temperature of 10C within the tol-
range of the enzyme results in a doubling0 v lue mi':t . Efoa mp es

,-it y. Examples of some Q, values for mi-
cnTvmc, are shown in Table 8.2. In ad-to Q t values for individual enzymes, the 

.t must consider the effects of temperature 
rates of metabolic activities of the coin-
of microbial populations. Populations of 

H.2 
htip of tern -rar- wnd bacel rtpiratlon in

',,:ens. i.crra" 3. consumption nc"'r.,at 
,.,~rarurys. Ifrom i -e. 196% rernt 

... lon;jouralof te FlaheesResearch Board 

& • , 

0 
1 S 

o t 2, ,s 
.-. t,,. 'ci 

TABLE 82
 
Q %. -.
alues for som eer tmes 

Catalase 	 2.2(0-20C) 
Maltase 1.9(10-20C)

Maltase 1.4(20-30C) 

Succinic oxidase 2.(30-40C) 

Urease 	 1.8(20-30C) 

Q. 	 activity at temp T + IOC
 
activityat tempT 


sulfate reducers in salt marsh sediment, for cx-

ample, have been repo.-led to have a Q,, of 3.5 

for the reduction of sulfate (Figure 8.3) (Abdollahi
 
and Nedwell. 1979).
f s me Q 

R 

The spectrum of electromagnetic radiation is 

continuous from extremely energetic short wave-

lcnpth gamma rays to long wavelength low energy

radio waves. Portions of this continuous spectrum 

are defined as ultraviolet, visible, infrared radia-


lion. and so forth. The entire global ecosystem
is driven by the radiant energy of the sun: pho-

tovnthetic interaction with viiblc light radiation
S of poudi r rterestrial life. Thages.slprofur19ound importance for terre a l.Theother portions of the electromagnetic spectrum

also are ecologically important and have marked 


ee .* ionn ai 

ionizingIonizing radiationsRadiation Radiations are designatedas 	 if their interaction with 

matter produces unstable ions and free radicals 

tat inteact wit living matter n a desructiveBacterial manner. Gamma rays and x-rays range in wave-
length from I0-" cm to 10- cm. with gamma 
rays at the shorter, more energetic end of therange. They are highly penetrating and their energy
levels are destructive to microorganisms. Low 
level irradiation may cause mutations and high 

exposure doses destroy both nucleic acids and 

enzymes and kill microorganisms. [Exposure levels 

Ern'ircinmentl DEitermtrints 239 
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n(,r 8.3l t( ) Arthenius Plot Of sulfate reduction in s di nent sho t ng linear d,,jT~~w in aclij n " 
ith decreasing leo.peraturr (B) the seasonal in situ rates o( sulfate teduction -alru:laird fnrm the altnr Arrheniu. 1ot and artuad field tnnte.. opett cirie. iidi.cale 	 al-ulattd rt" f sulfate educ"ion. closed crles indicate ac-.al In situ ome'n.lration, of suifate. hligh rares of sulfate rducrlion ocin.ed durkir sunttner and f.land hourd a negatise correlation ,tith actual sulte concentiun,. itton A lilti 

rer.r-intenits .o..rTa,,i 	N,,in.tt. 1'J7"*|t't'ttlosi 

from cosmic and natural radioactive sources are 
low. nevertheless low level radiations may have 

contributed to the spontaneous mutations which
form the basis for natural selection over geologic 

The resistance of microorganisms to gammaradiation varies. As is true with other environ-
mental extremes. microorganisms tend to be more 

tolerant to ionizing radiation than macroorganisms.
As a practical consequence. it is even necessaryto add biocides to the cooling waters of nuclearreactors because the high ionizing radiation level.s 

fail to prevent microbial proliferation. 

endospores are highly resistant togamma radiation: it takes 0.3-0.4 Mrads to effect 

a 90 percent kill. whereas one-tenth of this dose 
effects the same percentage kill in most vegetativebacteria. Vegetative cells of Aficrococcs radio-
durons., though, display very high radiation re-
Sistance, tolerating as much as I Mrad without 
a reduction in viable count (Anderson et al.. 1956). 
Extremely efficient DNA repair mechanisms, 

riog.i,,. 

rather than an% unusual protective substances. 
are responsible for the radiation resistance ofthis 

bacterium. 

Ultratjiole Rudion Solar radiation includes 
ultraviolet light radiation, visible light radiation.and infrared radiation. ULtraviolci (UX' radiation
(1-320 nm) is too energetic for photo.%nthetic 

use and is destructive to microorganisms (Figure
8.4) (Norman. 1954). The most strongly germicidalwaveleagthof(260DNA.nm) coincides with the absorptionmaximum ouggesting that damage to 

DNA is the principal mechanism of the germicidal 

effect. UV-induced dimerization of thymine basesin DNA strands causes faulty transcription. re

suiting in defective enzymes. UV-damaged DNA 
can be repaired enzymatically by excision of thedamaged portions, but this process requires lime.The survival of the UV-damaged cells is enhanced 
by conditions that are adverse to rapid growth;
optimal growth conditions allow for rapid 
expression of the UV damage with resulting cell 

6 
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Effft-s ofAblotlk Factors on mlcroorganlms 

lnoctvahon of 4erospooo electromagnetic spectrum. It ranges from 320 nmviolct) to the far red end of the spectrum of 800 
\ con'dio by UV rod-ohon nnt. The quantity of light in a given habitat depends 

upon (he obstructions the light beam has to pen-\ N Avetoge number of etrate. Light int.:nsity decreases by the squarencle, De, con-,um iofthe di'.tance from the source, primarily becauseCu i 10tO\ \r of absorption aid scattering. The sum of ab-1 23\ sorption and sc,.ttering processes, called extinc-\ \ 
lion. is high in ecosystems with many suspended 

M 4 panti.les. Thr.term turbidity. which refers to the 
cloudinessT oi" number of suspended particles in 

re 

a water body. often is used to describe the re-
sistance of a water body to light penetration.

T he in ten sit y o f lig ht reac hi ng a part i cu lar
habitat influences rates of photosynthesis (Halldal,1980). In the absence ceases. Up to of light, photosynthesissome optimal light intensity, rates 
of pholosvnthetie activity increase (Figure 8.5)
tSteeman-Nielson el aL., 1962). As with many
tither environmental f3tors. the response of an 

trg;tni m to changes in light!ntcnsity will depend2 3 4 5 6 7 on the light intensity to which the organism is 
the different response curves of algae that were 
adapted to 


-. 
 2S, no . Cuidia I.Jhi-heranitio. 
3 Klux and those that had been growing"ss siis--tible to u%iransitati rh 

at 
a 

3i Klux. In most cases. organisms can tolerate 
",ls In intr'ereiicw. tt~th UM. 

v, ider range of an environmental factor, such"riica. a,. hht. if the changeI- p n-ticr of "lundant is gradual. allotting theUMAInforniation organism moreh.t di,.mte. (rOm Norman. 3934; rprnird 
time to adapt. than if the change0

iii ipirigisi li-tar Instute o aBogs.)k% occurs abruptly. Interestingly. some ofthe cyano-
hictcria can alternate between oxygen-evolving
photosynthesis ati'.ihlc light also has a reactivation effect high light intenstties and an-oxygenic photosynthesis, using hydrogen sulfide.Imaged cells (Rupert. 1964: Halldal and as clcctron donor, at low light intensities (Cohen"72). Part of the effect may be photo- ,: al.. 1975).


blue light tends to break the UV-induced 
 The quality, that is, the color as well as the,imers. In addition. visible light triggers intensity of light. influences rates of pholosyn-.
,pair mechanism that is. paradoxically. hcis. Not all wavelengths of light penetrateiedby the more damaging UV irradia- equally well (Figure.a ure. microorganisms are exposed to 8.6). Energy of shorterwavelengths penetrates further than lorger energyhation only in combination with high %%avclengths. Blue light, for example, can penlit intensities. which makes this adap- ctrate further into aquatic habitats than red light..'er',tandable. which is one factor that leads to a spatial sep-

le" Light Radiuion The visible light 
aration of algae and bacteria with different pigis a relatively narrow band in the total ments thatwavelengths.can absorb 

%light energy of differing 

ntronmerna Dtenmjnata 241 

ncRr a.' rte iato.fnheiu 

Ion of igit Intenahv r
 
Chloeell t'ufgoisadpted 
 .to high (30 lOux) and low- ; 1 2 1(3laux) lighI Intensities.The graph shot% higher 1.
 
rates ofphotointhesi. a 
light penidt es b n%
 & I 

rates odphowntess ( aoration) occur'at S laux fo" . E_ ,/ 
,at20-2S 1 3u,loustght adapted cells andfor hi~gh light A," 04
 
Intens ty adapted cells.
 
(rom Steenm-a.xteltio, et


nd o Sc;andi nba , pet 0 0 0 0 3 
et. o Planrt r'hsnolog..) 

K lu 
Some microorganisms exhibit phototactic croorganisms that adjust their depth in the waterbehavior; the) move toA ard or away from a light 

source (Carlile. 1980: Konopka. 1984). 
column to that ofoptimal Light intensity. Buoyancy

This be- regulation is ecologically important to planktonichavior leads to vertical migrations of motile mi- cyantihacteria that inhabit thermally straitifed 

nGt'RE 8.6 

Ing u'ait-itngths'into asiater column. generadlth 

.
 

ieigilhs o'lisible ligt t.g..shoiing that On or I-Vl..tiiue) penetrae to ge.atrr
lengths (e.g.. n-d): R = red: 40 

. oraigt V = tt
= iort: G = g{een :tblue: u'l graph artiin. . V G

tic' scale terrath an - /v
Semi log kc le. (From
Iteud. 1975; reprited ii , 
Saunderm Co.) l . It. 0 20 so
peenlsisonz colri i 

soa 800 

20 

40 

0G 

' Pvc..s i0,o nOesi , , 
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Konopka. 1984). In these lakes, the depths the establishment of circadian rhythms in some..h light energy and inorganic nutrients are eukaryotic microorganisms (Figure 8.7l (SweeneCbundant, are ver%different. Gas-vacuolale
'Ins which can migrate between 

and Haxo. 1961). Thus. light affects not only thethese 
may have a competitive advantage 

growth. and survival but also the behavior ofover microorganisms,,lnkton. which are incapable of kcrtical In addition to considering light energy as a on.,oyancy in planktonic cyanobacteria is reg- limiting factor for primary production.in response to the levels of light energy 
diation may be considered solar ra-as a stress factor.


organic nutrients (such as nitrogen and 
Solar radiation contains radiation in the ultraviolet
spectrum, which can cause cell death or mutation,
,orus). These factors may alter buoyancy

.u,of their effects upon the rates or energy 
Even excessive intensity of visible light is det-rimental because:ion and utilization. When growth rate it causes photooxidative
changes. Surface ecosystems. such as the topst limited, the light intensity at which neutral 

is 
of leaves, surfaces of oceans,c-occurs is hypothesized to he directly rocks, soils, and 

to the concentration of limiting nutrient. 
animals, airborne particle, and droplets inclouds 

can mediate this response by eithci 
receive high amounts of ultraviolet radiation. Mi-raising croorganisms on snow.-,t pressure to co:lapse some existing gas 

ice. and in brines iihcrystalline salts receive unusually high UV andonr increasing cel;ular amounts of iallast 
ltssuch as polysaccharidc (Konopka, 

visible light exposures because of the reflectivity
of their environment. Microorganisms in these 

lit also appears to environments are selected in partstimulu% in tot-- a .iLe for theirerance to ultraviolet radiation. Picnicntatiin for 

L.ght n ar. 
*~.sia ,, i-shie. I= Ic 
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shielding the sensitive DNA and efficient repairmechanisms constitute adaptations that provide
such tolerance. 

Fisuebut 

Atmospheric Pressure Atmospheric pressureis the pressure exerted by the weight of the aircolumn which at the surface of the earth. (sealevel), is approximately I atmosphere (760 mmmercury). In general, microorganisms are not af-fected by changes in atmospheric pressure. Atextremely low atmospheric pressures, such as inthe tipper atmosphere or in an artificial vacium,however, water may evaporate and oxygen be. comes limiting. rendering microorganisms met-abolically inactive (Gregory. 1973). 

I/l1rllafi/ Pre•ssure Whereas atmosphericpre,,urc reflects the weight of the air column.h.drostac pressure is the pressure exerted bythe s eight of a water column.. Hydrostatic pres.
for every 10 meters of depth. B~cause the at-

pressure at sea level is I atniosphere,
h pressure at 10 m is approximately. 2 atmo-depend%on the weight of the water and hencesphere,. Ihe precise pressure at a givea depth

is greater at a given depth in saline
%%sat r than at the same dcpth ri s w t r 

The hydrostatic pressure can be calculatedhbmcauring tI:eskaler. In routine dnsi and the depth of thehydrographic measurements, 

readings from shielded and unhielded reversing
 
are compared; hydrostatic pressure


mercury in the unshielded in
resulting in a lower reading at a given
 

htemperature. Using suitable conversion tables.the difference betseen the readings indicates the 
hydrostatic pressure at the point of thermometer-ersion. 

To study the growth and metabolism of mi-
croorganisms under high hydrostatic pressure 

Emire"me,,afll
hr-M.rt 


simple culture tubes in cylinders can be pressunzed by a hydraulic press mFigure8.8) (ZoBell
a H pdit 97)Peation nmus aaod hyperad xy).presution mayd rctrenatden de compr sop i
crobial cell membranes by releasing gas bubbles. 

steady hydrostatic pressure in the range ofI to 400 atmospheres has little or no effect onthe growth and metabolism of most microorganisms. Higher hydrostatic pressures tend to inhibit or stop the growth of terrestrial and shallowwater organisms, but not that of barotolerantdeep-sea organisms, -which may be exposed topressures as high as 1000 atmospheres.
In response to pressures. organisms are eithersensitive (that is. they grow optimally at pressuresabout I atmosphere and growth rates decline aspressure increases), barotolerant (that is. theytolerate elevated pressures up to given limitswithout adecline in growth), or barophilic (that 

oJ.b~ir ,, rr a"genadon (A). A ricavArrd amountu or us' in pn'.u ' 4ind(, rw pfl"e otda,, 

ongen Is inu.odurert Into - cwgri.yre solutionprior~(
C ) , %%f lc h Is rVS'fsd 'oc eB.Anibrso~efdIn t o utb c b% ,c Ir t u dlh d r o s t tl fe (
AdIlt, 1G; pv,,r 

n.pm 
..
preai n. (D) ,in pern slon: .Nadouall.a ted tn a hvdrautic jinrss. .ion zofh 

s~ nJCnd. 
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ontent of soil can be determined aerobic conditions that nimaytst;t illa %1lif1 Tame 00 12 00 12 o0 12 00 '2hi,,t 
 00 12the set and dry weights of the %till aerobic to anaohtic nielabol.,i Date %lay I 2 3 5 
ipile is weighed and then placed in The water content in the alostphere is gi.i.
Ily for 12-14 hours at IU°C. after crallylowandlimitinghu mcrohlgrowthGrecg. In the dry valleys of Antarctica microorga- grow within the rock matts,, I iednannlit is :again measured. The diffcrencc ory. 1973). In some regions. such as in tropical nsms 

and 
must also tolerate very low temperatures Ocampo. 1976: Friedmann. Iax ,iedinann andeen the intal (wet seght) and areas. the humidity in the air issillicient to allt' and. dunng parl sit thc year. high irradi;tion levels Ocampo-Fiiedmann. 1984) I hc ,,,,,rphology or

itI readings iepresents the loss of mcrobial growth. In sach hutild areas mic,- (Horowitz ct al.. 197 2. In such cnvironments cndolithic clonizatain in LaId .,d hot desens.ter content is conveniently cx- orgamsas may grow tin c\pocil surlaci-:s taifi many nicroorgannlms have developed adaptations is remarkably similar The aippli:,.51 I to 3 mmtad of dry ,eight to 'set weight. water Iont the air. Lichens tohci.tel des aeic;aaIa that allow them to survive in a dairmant state of the rock re cfree 1om mct,,uii.,it.is Coloniesaty also be c\prcssed as percent and glow on a-
. lciholding .;pacilt. itation. A 

receiving oly in. niattent prek. durng unfavorable condiions and it,grow actively are preset in the next fes, lillrmeteri here 
numler ol Iingi asl lichcns tio c.ont onilyd ring those brief periods oaftime when the microotga mnsms adhere t, . betweenI tsass

uiaons it is somnetimes iore con- expos..d plant slrfacesN Va iii fungi gross it cOtiditions are fasorable. such as ,ite a rainstorm, the rock ltals iiii.:,r.inisms incr\ lEndolilhi
-inialne s;aiecontcnt on Ivolumtte canvas and leatlher in humid teiiins. In ,addtiona Ma V of the batera and fungi lis ng in desert hot desert ,ad in Antarctic i c;t common 
ateiby tteasaaic eblk density to illaciicing sajival linthe atmople. 55.tca ,oil% toin ,pores that ailcw tihem\ known volh :te of sodis collecaed. as rainihl causes a l I, peisist. if sursi%;tl 'taliegs they are .. *ot wistchangi ins ,t y. for dcc akalest¢w Ii ts, ni tles Ii,

d1and the weight determined. Soil and out ot the aiaosplicc. Raina 


u xof li a iooa I nleces 11 c.i.gi' Picmll hcir t. 11 -tc ac iu: i i esponse 
to rapid in 

ier content \ill has e a Ilas weight orgislll ms oua of thc atit sph-i .. ithei aic" It: nte and for ;shN et 

ill %taihcs%liit:c Whcn lhre I adequate i oisture. Ihe spoics ger- Lhlian...e ci. ttiti,. -..iadilins. 
period the or.inisit% can rh e .aile. houseser I., t ritIcesb,c follouing living. assuming ;h;tl let%d It,the atili sphere %%hent .. aindrolps lil:¢t elisely grow and repraidic tstcen the ndotitie nilroai ., i ot hot and 

s,.¢rc filled with tater and ncat [heir rclcasc I lFiure X I1:1t lii.. 1 al.. 195S 1 Rock-inhabitting lithlnabiontict iiiraasirg.in cold deserts IFracdm;unn andai . 1 il¢edmanrl.
Desert sol. 6 detnltion. icceive lcssthai Colonact. rock surtaces. or the rock I.abnc ada,.'ent 194). tit otidecrts, all eilhh,. s.iittples C\activitics in the soil fiuctuatc with 25 cm of rainfall per year. ?sl.n) deserls it to the surface. in a %lde variely of chinati and amincd csiiarained ntlypro .o s,,e. %hichform

'nt. turing periods of drought mi- extremely dry and arc subject t,etremne daurinil environments. Sme microorganismns grkiw on the a narrow gicen one I fess Hiilim,e-rs below andic-may he ,cvcrcl) limited. The vuriations in tenperature becaie of the ick sit rock surface. Conspicuous among these are the parallel to the rock crust.t tillisasynthetic prafsoils not only affects microbial moisture in the atmosphere ovei )Ing these ai.is lichens, which often form brighly colored growths. mary producers are cyanobacici.,, icaily alwa.s
t.u also indrectly by affecting to moder:'te the loss of heat \icroorganii, These organism,, arc particularls rcsisi.ant to members sat the genus Chr,-,,,,, .,,l,,. In hoti as in ss.ter-logged sailsdif- living in dr) desert stils m tsI. able to tolei l. desictiond ass a lasmsrahlc eamhin.,t. , a,.iiblc ewater

liited. getici yresu tig t aii- lonttg peal ot de cctit 1a his S me tishililis alonallih l4 hiiiois. ati ai otl ce illl5.c m i.atare I. . ia in early5 
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trfits of Ahliotlr Factors on Microorganisnis 

aftcr dets fall. Later in the day. Ihe 
'tire rise\ and the relativt humidity drops 
Iv. The combination of temperature in-

., a hydrated st.*te and the concomitant 
,%atcr imposes a severe environmental 
,.it eucaryotic organisms do not seem to 
This is probabl, the reastn that. in hot 
endolhihc microhial communities are 

•d exclusively of hacieria 
,-ndolithic microbial communities in polar 
how. a hieher level of complexity than 
hot dcscri,. In nom, c.ke%. prolar en-

communiie,. contain a number of or-
including eukar\oic. that are dominant, 

and algae jIocIher form a sybnhiotic 
',ocialton to ', tit h the hungi anid algae 

iegaicd hand\ akhin tli. rock matrix 
,ry different from the usual Integrated 
ih,.-n or:ini/aioti I ic ,oheetit. pro-

•"cudo-Isu.c ici.med pl,.it.nchsma is 
lite.id, looseli: l'iet.n -'li0 clusters 

:..c'n the t o k trstj!.In 1 tidolithic5 

it: rock niill pient, :hnticd'clopmeni 
liio liminae, the t-ted !tor a ,ohc.rent 
,sma. The acusilt o the .rxpioendolithic 

limuniit retult, in th- nhiliztion or 
pounds in the ri,.k .;, %cll ., in a char-

t\fohatisc colllicle. c rrn 

-ment of air and ",ater aids the p.issise 
I microorcanisms (If cuu.il imr,ance 

le of movemeni in im'n,,riing and dis-
itirtent, hon nlo ticroi.lr etoth .ird in 

Inie.iboiic b, .rrodii,.ts , thc r'uos cntent 

Is in and out itt c¢os,,.te.m. is controlleds"uch adoluti slu,.,n t . 

•r.vity. porositx..nd the flo,% charac-
of the ecoystcm. -

ec . ,Vstem are charae.'rizcd by ex-' 
, such as risers. or bs turbulen(e, 

.,.;ns Other ccotints such a. ponds, 
,.tl., quiescent or static. such at%soil. 

Ecosystems with extensive floss or turbulence 
have greater mixing capacity. Matcnals are moted 
into and out of such ecovslems in pan by the 
movement or mixing of the ecosystem, 

Dhijfsion Even in ecosystems which lack 
extenive mi ing. materials may move by dif-
fusion. Diffusion results in a spreading out of a 
substance from its source, or a lowering of con-
centration. Diffusion of materials through eco-
systems depends in part on temperature. The 
molecular %%-eight of the %oluteand the viscoity 
(flow charactenstics) of the solvent determine in 
part the ability of ;. solution to diffuse through 
an ecosy-stem. Mixing is often aupmented h dif-
ferences in spccific gravity aind by thermal eon-
vecion. Gaseous molecules, for example. \Ath 
low specific gravities, tend to rise. generally 
moving upssazd thiough aquatic ecosysn,'t. In 
the atmosphere. difluston of gases is augmented 
h\ convection along temperature gradients \,,th 
%%;.i(niergases rimsin and cootc; gascs descending 

throigh the atmosphere. The movement of cascs 
along thermal gradients results in turbulence and 
mixing 

In terr,strial ecos .stems dillusion of matenals 
is a function of p)rosity Porosit\ refers to the 
nunl'ber of porcs in a orsoilI sediment particle 

matrix. The pores are sormctimes referred to as 

interstitialor spaces. These pores ma. he filled %.ithliquid gases. [iffusion of materilsj ocurs 
through the pores and exchange rates beteen 
rralerial in the inlcrstIitidl -paces%and c\,ernal 
sokirces ;iTecls tfIllusion rates and the asaitlobmlis% 
of nactrials essential for microbial grosth and 

actisi, 

Ad.irpio Niovement of niaterials throuh 

an ecosystcm may be restricted by surface ad-sorption and tension Surface Ic,,sion may restinc 
movement of materials into an eco-ytcm, for 
example, from the atmosphere into an aquatic 
ecosystem, resulting in the accumulation of nu-
Iticnts and pollutants. Adsorption ma) bind ma-

terials to particles, decreasing the availability of 
those materials within the ccsysem. If the sub-
stance is an essential nutrier this can decrease 
productivity, but if the substance is toxic, ad-
sorption can increase microbial growth. Because 
of adsorption. even excessive levels of microbial 
inhibitors fail to suppress completely microbial 
activity in soil. 

In environments with very dilute nutrient 
concentrations, the local enrichment of nutrients 
on adsorptive surfaces increases their microbial 
utilization. This phenomenon appear%to aid the 
survival of copiotrophic microorganisms in oh
gotrophic environments (Kjelleberg. 1984). The 
concentration of organic and inorganic nutrients 
b.' adsorption onto particles accounts in pan for 
the preferential growth of many microo.rgani ms 
on sunaces. The adsorpive properties of an eco-
kvxem depend on available particle surface areas, 
charged binding ies. h\drophilic binding sites. 
and other factors. such as pH. In soime cases, 
idsoriion Is entlal 11.robtales for reprod.ucton. 

F-or example. rans microorganisms only row 
-t reproduce on surfaces such as leases. skin. 
teeth. ctc. Some bacienial viruses must adsorb 
onto specific rcccptor site%located on pili before 
penetrating into bacterial cells %there they 
reproduce. 

The mechanisms of adheren ofe mecroor-

ganssmstoa variety of biotic and abioic surfacesh been intenstivcl examined in recent studies 
I.f.rshall. 1976; Fletcher and Marshall. 19,2: 
Cosierton. 1984: [azzo. 194. Fletcher and 
MiclIdossne). 19841. Bacteria grossing in a %\ide 
sanctv ofenvironmenial and pathogenic sliuations 

h.i\c been shosn to be surrundcd bc straccllular 
gcocalyx structures that mediate the attachment process 'Costerton. 19811: in some cases proteins 
known as lectins mediatc the specific attachment processes (Dazzo. 1984). Charge Interactions also 
bring about adsorption Adhesion holds the bac-
tcrial cell in a suitable habitat. pos.onan the 
cell sAithin the surface ,one. %thichis rich in 
nutrients. because urganic molecules attractedare 
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to these interfaces. Development of a f. -. 
anionic. exopolysaccharide matrix (glycoal- -1 
acts as an ion-exchange resin, attracting and co! 
centrating charged nutrients. With cell groth.
this matrix burgeons until a thick. coherent biofilm 
is formed. This sessile biofilm mode of growth 
may protect adherent cells from surfactants. bac
teriophages. phagocylic amoehae. chemical bio
cides, antiseptics, antibiotics. disinfectants. an
tibodies. and phagocytic leukocytes. 

Hdrugen ton Conreitratloit 
Microorganisms eneraill. cannot toler-ate extreme 
pH \.loc, I ride Ihhi .ilk.,lineor acidic con
dittons. ',me nicroh.il ell component% maY be 
h%drolyzed or enzymes may be denatured. There 
are. howeer. ,iomne acitophiltc bacteria that tol
erate or ex en require ,\ircmcI acidic conditions 
for gro-A th 1 he optimal pH %alues and the iol
crance of ran of pf ot s ari(,us bacteria are 

,hosn in Tabl. 4 
Amino acids are ,%%ittnon,. h.s ing txih basic 

and acidic portion% The pli affect, the diso
clation of thcse function.l croups on protein mol
ecules* in order to p,'rfoim cnirmatic activty. 
cnzmes must bhe in t p.rtihltr state of disso

,lation Certain p14 salues %kill Ie optimal for 
activities of specific en, \mes Optimal pH values
ma\ depend on other f.i.iors. uh as %all con
centraitons (Figure 8.12) iLicberman and Lansi. 
19t. 

The pH of an en\ tronncn affects microor
ganinis and microbial en/%mck directl and ao 

influicnccs the disociiltln of mans molecules 
that ndirectl influence microorganisms. The pH
deternmine in part the solihilits of CO; influencing 
the ratcs of pholos\nthess. the asailability ofrequired nutrients, such as ammonium and phos
phale. shich limit microhlal growsih rates in many
ecos,\tems: and the mobila, of heavy metals. 
such as copper. shitch are ioi\c to microorga
nisms. 
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Effresrs of Abloie Fmnes on .icarorganisnu 

,opium alI

pit In multildira. 


.,tIItlarte Organism pH

Mimmum Optimum Maximum 

Etdhrrit i,,co,4i 4.4 6.0-7.0 9.0 
Protrui tid.e.ri 4.4 6.0-7.0 84 
E-'iir,h,e it' ur'rn, s 4.4 6.0-7 0 9.05.6 6.t-7.0 Xt0 

t-.,g5,D,,U 5.6 7.1 9.3 
CI, rdui... rspr..renes 5.0-5.8 6.0-7.6 t 1-9.0 
,%ggnnsoiat %pp. '7.0-7.6 8.0-98 8 
.ar, spp 6.6 7.6-W16 tt1.0 

Lac rhhoiltlu n idophiht 4.0-4 6 5.8-6 6 6. 

'tin I )rih n ( - k - Y1 

',t .mi~tal iV. kIer than epected for w.-ter fully equil-

• tisaiic rc ac tiorns arc Os da;il -r tio nn e' i ic th rai cd wi t h t he a tn i topheicin wshich onc compound i, osldied and litclo s ihl e rl ;t :e
of water-logged %oiland scJiment. E, vaduc. arcimp.und nisrduced The abclmpud an usually negative (Figure 8.141of low redox po-tor ou t ireduc t oan eaeb tnegowhfprotein)it carry out o\don- reduchon r- tentals ma) be caused by extensive growh ofan organism depends on the o\datic:.-

stat~e 
heterotrophic microorganisms that scavenge alla~ltiio


ition tifoidiie~J to redu,:cd, copmpnntsll~noiionentsof O~l l/e.Jpollutedtotrednecosytcms where mtcrmrantsm,. utiltie 


(t the enis ironment In-taeothca sltion.riiro.- meiavailableI o\.gcn. Stich is often the casc in highly
;ut',,o-aileUnniteniforedecno 

itel 
tthe len availale ox\d, for decompos ition, processes.(E}. Some mcntrooerganims can E,, of sediments rich in organic matter can be asonl in oxidizing environments. "bile low as -4.0 inV. At these los Et -45 s , values, sulfatelo s h V o% aue .- ufactailrsl;Anerirrankon,i exit only in reducing ens ironnentsinria crociets.)s.%tilreduction yielding liS. and CO reduction yielding13 ixtlaa,,.Becking and \Vood. 1.5: CH,. can readily occur. It should be pointcd nut,tier. 11)74), A rosltive F,. satuc f.a'ors that it is difficult to mcaxute E, in natural habitats,nce.ituse',, us indicatu,.,nof a reducing and that heterogencity is great: the development,.c'ntSone e.sential nuorcn eletents. and use of microelccrodcs. hoxecer. noss makes ,rn anc manaseasoulatlw ipoibetmeurrdoptentialsiot,,ntnuamagbutsprecipitut onrenin a scalerc ee oino it possible to measurerelevant to microbial redox poteials on a scale , nts b microhabitas (Revsch

and Jrgenen. 1986). Because of the dynamics.is greatly influenced by at interfaces one can have a low redox incre absce then of moleul r oxn.fgen. presence of oxygen; diurnal events of the latter,:nts in equilibrium th atmospheric are common. 

, ou ineql:brium nviratonments 


,I oxyEen tensions have lower rdo x MageticForce
Ilcirotrophic activity keeps, the redox The effects of magnetism upon microorganisms

has been generally ignored as most bacteria appear 
,,f aerobic natural waters at 4e-.00 

10 

0 75 

5, 

0 50 A050 

0 
T 

02 025 

S .require 

9 a 9 PH 10 1 

G t K.B.12 

The piI dependence, of threonine deahninawe (s.hiwsia 

iniromotir, product formed per minuie per mittillgrar


froim Hulobaclcium 'utinuhum azabmd 
 ai0.03 and 4.0 NINaCt concentrations in dWabsence

AI)P (A) and presene of AOP tM). In the absenc-

of 

AI)p. an Increase of the . aeonctrlta-aiion caused

of
arr'asing or the pit Optimum; Irathe aia .arc aof ADP,Ashe.n dd lhrthe rdo|eratir subitraii Wnclrs steme Liungerno longer 

otew-. the pit re9p0n, of the en tmi hroadeueduiuh tnera d salu toru {i~m Ueiemual 
tandI. 1972: Cr'aprinidfrom5€11Rloctetalsir tis pen l¢. . . 

tturinicat 

to be totally unaffected by changes in magnetic
fields. Some bacteria. hosever, exhibit magne-
tolaxis. motilhi% directed b) a geomagnetic field 

iBlakemore. 1975.1978). 1982; Nloench and Konetzka.iagnetotactic bacteria contain dense in-clusion bodies, which may impart a magnetic 
momept upon the cell (Figure 8.15). Some of
these magnetotactic bacteria contain approxi.
matelv 4 percent iron by eight. These inclusions. 
called magnetosones. may allow the cells to orient 
thcmselve,. and in a magnetic field, allow them 
to move actively in a particular direction. The
adaptiveunclear. value of magnetotacticBecause behavior is yetthe magnetotactic microorga-

EnironmentaJ DetermInants 

nisms that have been described a'e microaerophilic or anaerobic. it has been suggested that 
magnetotactic orientation may help these motileorganisms to locate deeper. more reduced organic 

sediments. The investigation of this and other 
aspects of magnetotactic behavior has been hampered by the difficulty in growingof these organisms and most pure cultureobservations have 
been made only on mixed enrichments. 

Organ ic Compounds

Co d
 

Organic matter in an ecos. 
stem is frequently the 
limiting factor for growth of heterotrophic microorganisms. Specific organic substrates oftenfavor the grosth of paricular populations withspecific catahc iecactiv ities. So me microorga nism s 

rclatiecl high lesels of organic matter. 
whereas, other% grow onl. at relatively low 

nIoc ; ut cthc o 
In :quatic ecosystei. ihc chemical oxygen

demand O(C) a often used as an ndc.x of thetotal orcanic carbon in the 'ample The COD isdetermined h\measunngthe amount of o\idizing
I reagent consumedmatter \%ith during oxid;tion of organicdi:hromaie or pernianganate. Thebi calbiologimitter llog en demnndmandstith d mand AOBDi .ieldldsannesorp crmin an e 

.
timite of the readily use.ibe concentrations of 
organic matter. The HOD is determined by al
lowing microorganismssolution din I(o consume tlxgeng oida n o th e og inn in 

during oxidation of the organic matter 
abuindance oforganic substrates that can be used
 
by microorganisms aerobicallk 
 \hen the HOD
 
is high. howsever. microorgjnims often use 
much 

of the available oxygen for the- degradation oforganic matter creating conditions ofoxgn depletion and resulting in the death or higher or
gansms. such as fish. that require 0. for survival. 

Most na:ural ecosystems are not characterized 
by high concentrations of usable organic matter;
rather. microorganisms in many ecosystems. such 
as the oceans, live at sery lov concentrations 
of nutrients. Periods of starvation are probably
experienced by most free-living bacteria. Starvation survival is important in microbial ecology 
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, is a mechantsm that pcrpeTluJites the be suitabc for acquisition of gro%th ,ubsirates
permitting the genome to express itselfenvironmentale conditiOn become against iceep gr.djcnts hCtwccn the cell and it%fa- surrounding%and acquircd nutrients musttKt-Ilcbcrg. 1984). he %o

manaced thati.%a.groA ing ihe cellcan maintain It%integrityeidence of the existence and grimth To . ieve a high uptakc capacit. 
a e pectally %uitedfor th. exploitation relative to nutricn - c:onttm ng proccses. oligo-itrirn flux habitat.s and that the% can troph%idcall% ,foald hc %nsali spheres. slenderushed from organism%cspeciall. suitcd rtlds or cnselop-.appcnd.qx,,dnutrient flux environments (Poindexter. bacteria uith highaffinitic,

,!tion. 
(lok K,,, for uptake for a variely or1985) A%opposed to copiolrophs;cros%ing on Ngh nutnent ctncenlira'ions). uih/;ible iuhtratcs Indecd many oltuotroph,,.s/pwsuch ;!-, Iu ter. form appendagcs andttural distribution implies that nutrient 

arc 
more eflicient at transpo.rting suhstrates into their . e favor, their survival and i% an in- cells than at c-s.reting bproducls.:.,,torin their competitiveness. the oli-

- (loss-nitriento bacteria po-)sscss phys-
Organic compounds can he po;cntial nutrients.

but some of thempropceries that permit them act as inhibitors or poisons.to efic.,tly 
'ailable 

Various mcaho!ic products, such as carboxsliclimited nutrient resources. Sub- acids, alcohols, and phenolics. arc toxic to mi-take characteristics of oligotrophs must rrobial populations, especially when they ac-
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cumulate in some anaerobic environments %%here 

they are not readily metabolized to 

1971): production of antibiotics and bacteriocins

less toxic are prime examiple-. of allelochemics.degradation products. Some microorganisms 

specifically excrete allclopaihic substances (al-Iclochemics), which are chemicals (other than InorganIc Compoundsrood substances) produced by one species that Many inorganic compounds arc essential nutrientsaffect growth. health, behavior, or population for microorganisms (Stotzky and Norman.dynamic:; of other species (Whittaker and Feeny. 1964).
There are also many inorganic substances that 



- -

r Mmsof A b;otler r .llr rgan lini ,e io an 

s%tems can form single: oxygen from hydrogen 
peroxide. The reactivity of singlet oxygen is a 
key factor in some biological interactions, such 
as the ability of blood phagocytes to kill invading 
microorganisms. Singlet oxygen also forms in the 
upper atmosphere phatochemicaly and reacts with 
normal molecular oxygen to produce ozone. 
Ozone (O)is a strong oxidizing agent that kills 

. microorganisms. Ozone issometimes used as a 
.. 	 sterilizing agent, for example, in some water 

..-• . treatment operations. 
::-;her highly reactive oxygen species is 

the superoxide anion. Superoxide anions 'are 
ntagi-ru I-,,m, Nr,-

enerated by reactions of oxygen wih many bio-,l,of-t t,,tic , 
 c e iassc sfa'n ,q 
m ns n hos
nncal 
,.i.stian 	 Chemi such as fi s-is. quinones. and thiols.a v ilr arr-n ,I ri ,i The superoxide anion can destroy lipids and other 

.. hi..l:hmical comr i'nent, of the cell. It is rel0rtiely
long-lived ad may explain the oygen sensitivity 
of %omeobligate anaero:-,. Various obligate an-
arohes are not killed by 0: directly, but are 

:omiroorgani.m tEi.:hch. 19"X8 It pieented from growing b% the presence ofox-
nc. .ii. ecn. 

,cnrc s-'nrpcind id. I,k 


, 'th- !. . , 11,al %, .ipparcntl, b cau e of the production and 
%, on lf inl of effictive rcno ,alof ,ripcro\ lc :mnion %

,,ind%,isnrucrobhiail ,inwi, oritr ib- iMorris. 1975). The superoxide anion can be con-
.0i1c conpund.- tiinp,'r:.!nce in c\- \cried to hydrogen pcroxide plus 0. lh the action 
.cuh if mrcroorc.ntm, inklittie of the enzyme -tipcroide dismut;rsc. Pcro\ide 

,--tcen carbon dioxidc .. rho iron- .iiris . a in hydro en peroxide..are also quiterI.' nitrogen. nitroi-\'side. ,itandhi- toxic to microorganisms. H.drogin pcroxide can 
tde; the element.il Irim ,,f lli. tile be decom posed by catalase cn tym c %Io 11.0 
-toi|u m . lrtot terric non.Irr iiton. ()*or by pcroixid;te enzymes to H-0 with the 

calium. hilicon. sodium. h.ita-tulm. coupled oxidation of a broad range of electron 

"th.copper. manganese. molihdc nium. donors. 


nickel. ,inc. mcrcur,. c.ilnium. ,indtie anions phoph.ai. car bonate. hi- Cirbon Ditj.%idc and , oiotitir Carbon-illid. sulfrtc. nitne. rrt:,te. chlhidc. dioxide is required for both autotrophic and hel-

.'mi.de . fluoride . sit ic..e tci-nitc aind 	 ci ot noph ic meta;bolli ii CO. ma\ be asa ila~ble in
%oluti n as carbonate or bicarbonate. Carbon 
dio\ide consiumption is often used as a measure 

n.d hitR, an ti C I ,,,i ()xsG 'ncx- of productiv-ity. Produt-ion of CO. is a useful 
tal forms \ ith\ar. ing degrees 01 tof- measure of the mineralization of organic matter.!, itch. 1977). M olecular ox%.e n nor- Carbon m onoxide is another faom of in(Froanir 
ts as 0. in the atmo ph r.. Singict carbon: it strongi;.inhibits microbial respiration
)I ha% a higher eneigs and is more pathssays. Carbon monoxide binds with iron-

,troor.eanum%. 
 Itcan e formed both containing proteins and molecules such as cy-

,11\and chemically. Pcro\idise cn/ me 
 tochromc. blocking electron transport. Some 

E n ronm et l M l n 1knts 2 7 

microorganims can metabolize CO. but most phosphate, however. may be inhibitory to mi. 
are inhibited by carbon monoxide. crobial growth. Concentrations of available ni. 

trogen and phosphorus often limit both produc-Nitrogen For most microorganisms, nitrogen tivity and decomposition in aquatic habitats. 
gas is an inert form of nitrogen. Only a restricted Additions o useable nitroger and phosphorus 
group of nitrogen-fixing bacteria are able to con- are often used to increase piuductivity in aqua
yen gaseous nitrogen into combined forms of culture practices. The elimination of the phosphate 
nitrogen. The most important inorganic nitrogen- limitation is sometimes undesirable. 	as it can lead
containing nutnents are ammonium. nitrate, and to prolific algal or cyanobacterial growth. This 
nitrite ions. Nitrogen is required for protein for- growth has occurred following addition ofphos. 
mation. In addition to being required for protein phates. in the form of household detergents, tosynthesis, some chemolithotrophic microorga- lakes where productivity was phosphate-limited.nisms oxidize ammonium or nitrite for generating On the other hand. controlled addition of nitroge 
energy. Some microorganisms use nitrate as the and phosphorus can enhance decomposition or 
terminal electron acceptor in respiration pathways, polluting organic compounds. For example, theresulting in dentrifrcation. 'shich rcturns nitrogen extent of petroleum biodegradation in seawater 
gs to the atmophcre. The fact that ammonium has been found to be limited hy both nitrogen

is a cation and nitrate and nitnte are anions resuhs and phosphorus (Figure 8.16: this limitation can 
in differential leaching of these latter nitrogen- be overcome by application of oleophilic nitrogen
containing ions from environments such as soil. and phosphorus fertilizer (Atlas and Banha. 1972. 

Atlas, 1977). 
I'/i,,Si/;,,ri, required for m l|'hrosphoc: is 

cru hir.l gerI'i.iti oniI of ATI' aid tor nucleic .1id .1ilfur Inorganic sulfur i %seq ir d h miand nnihribnc , nthc.is high concentration, of crtor;,nism, for formation of prolins and other 
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Effects of Aboide Faciors on lictroorgansrms 

ular components. Some oxidi7ed forms 0f 

. such as sulfur dioxide. are toxic to mi-

inisms and may even be used as disinfecting 

t. Hydrogen sulfide is used by some pho- Number 

'itrophic bacteria as an electron donor. Hy- of 0iatoms 
-isulfide is also toxic to many enzyme sys-

that Invol.e heavy metal atums. Numerou, 


,,rganisms produce hydrogen sulfide as a 
Lh.:lic
product of protein metabolism. 

)iher Elements Iron is required in cyto-
:ncs and other iroi. proleim. The oxidation • • 

of iron depends oil the pH and the redox
'itial Ferrous and fer-ic ions demonstrate 
ent degrees ofsolubiiyv, ihich affects their 
htltd for biological uptake ttpmperdture 


" fr

hioride ions are essential for ni;intenance 

,mbrane function. Chlorate and h plo'chlonte Co ncenration of 

.r"strong oxidizing agents an, arc toxic It, $.hcaISO 

,organisms. Hypochlonte is oticn used a% 


h-ant fr drinking "tr and .1 a Imi, 

ni i forrnigrmcinlN.,insers, as part of the nter% efluent. 

.iremcntsof residual chlonn 
 ae made on _ _ _ _

ireluents to determinn thre on iacntrit.n. Ma.ch 
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_ I 
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e d ple ion tilllli~li" illll .iliawlns. l,%t
sllledeplethi... i i mm hii . i of the dep iton o l i i diiitg tic, -i n - i In it ili-rn thisim 
llnl 

l .(i 
is of diatonts is shosn in I igiuic S 17 'titratinmof ther-nutrients nrt itieur.ilrd Wit none 

aisonud d,.- isp. of coreltaiton sIso ssnin i t gr h.l. 


i- ew- AlxIibrh-rt. 19i72; -r-iinihO. Inon.
iiin'.rofs)iTipti n ti-rii g Co. Beint,Wartm Miihii 


a 1Zr:rrr 
 at fLt.ltioogoi.tl 

"i in r i i loi 
.l taictors that influence the giosth.t, sur-

and metabolic activity of microorganisms. is i.fluenced by other abiotic factors. In sonic 
,.'%of ph%,zi:a measurements and ;nalttcal cases, microorganism, arc limited in theiractisitics 
dures are needed in order to characterize by the availability of some essential nutrient: in 
,hiotlic factors that govern the microbial in- other cases, some environmental factor may ex-
.-nt, in a habitat. In some ir:st-ces, one or ceed the maximum or m!-imum tolerance of a 

factors can be idcrtified that regulate the particular microbial populi:wn. 

:i tndactivitics of indtsidual nctobial pop-
 Factors that have major infuenccs on mi-

nts in z iven ecosystem. electromagnetic radiation.Often the effect croorganisms include: tblackw. abiotic factor on a microbial popuiatton which in the form of visible light is ,he principal 

s%'.-.
,
 

energy source for the global ecosystem, but which 
as high-energy ionizing ,adiaton is destructive 
for life: temperature, which determines in many 
cases rates of growth and activity as well as the 
pailicular microorganisms that occur within an 
ecosystem and what functions the)- perform: 
pressure due to atmospheric, hydrostatic, and 
osmotic forces, which effects the survival of or-
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,ry large. S1ouIV cycled reservoir for 
, x 10" metric tons) is N: gas o the 
(79 percent). Large. but essentially
rceservoir, of n;trogen are present in 
x 10" metric Ions) and sedimcntary

metri tosiokametric tons) rock as bound. nonex-

amonia (Blackburn. 1983). Physi-and biological weathering relcases 
-im these re,,rvoirs so %lowly that it
Ic influence on yearly colcling mtjxcls. 
deposit of more readily available 

itiogen are rare. Availability of com-
en is an important limiting factor for,Itiction in many ecosystems. The only 
titu1lationN of nitrate Oeccur on ,tomeic Chilan coast; these nitrate dcpsil 

Stiom the 
 dect imposititin of guano
,cabirds. The dr. cli mate of these

presented the leaching of nitratc 

)7(,. Delwiche. 1970). 
.'anicnitrogen salts. ammonium. ni-
ilrat. are highly 'sater-soluble indare distribuied in dilute queo.'ils 
''iglllout the ccospherc; The% trm
ilivelv ctcled rcservoil's. L.ivinc and 


er also proside relis -. %nisill. 

•drese tvoir of nitrozen. In Temperate

l'ilueled soil orianlue maller. hunimu 
 .raim 

.intial and relaivelh stable nitrogen 
tic nitrogen of humu, only throt.ich 

ik ii. nytruh 

ike b%litin,., anisnlo.ir 
 becomes al;il. 

leraliLation a proccs measured incntures. In tropical chimaits, the 
and humidits favor the rapid direct 
,11tf organic mat icr. limiting the ac-
,Ilitter and humu,, 
'nimals. and most microorgani.ins
-hined form% of nitrogen for in,.r-

--ellular biomnass tBrown and John--'Ilthe ability t o lix atmosphcric ni-
licledto a limited number of bactera 
c ,iociations. While many habit;ats 
ints for a supply of organic carbonised as source of energy. all habitats 
,'ron the bacterial fixation of at-

mopheric nitrogen or on human intervention 
through the distribution of nitrogen fertilizers 
s.nthc, ized by the Haber-Bosch process. hich 
va,invented sortly Wore the Firt World War. 

Plants could not continueon.nnxwo their photosyrthetic 
mctablism without the avail- "ilily of fixed forms 
of nitrogen provided by I. oorganisms or by
snthetic fertili-er. 

The bioccochemical cycling of the element
nitrozen i% highly dependent on the activitie. of 
microorianims. A generalized scheme 1oE the 

bitlecoghcmical cycling of nitrogen is ,hown in 
Figuvre 11. 1. A more detailed representation ofnitrogen flow Through the bio%phere. Indicating 
the nmuenitude of somesht n in critical transfer rates. isFigure 11.2. Recent qu;,ntitative eti-

maite% of global biological fixalion ([turns and
I irdv. 1975: Soderlund and Svcnson. 1976) %ereiip:.ardly revised from earlier ones (Deviche. 
l70). Fixation on land. which includes conid

crable .mounts from acricuthurall% managed le-
Cume crop%. amounts to 135 million metric Ion,per.inniin tmt;i). This greatly exceed,. N-fixation 

in [tic 
iiit:h L.rger m.rine ens irilnment illionin.lit .-Anthrpl n:trogen input% in 

1 
the 

l 
li'r"nthri4n 

l \whetic kiter (10 million co' 


t 19million mta). and nitrogen fi\atimn by 
 legut-tnnmo.I and ow.her crops t44 mill!in mla) atpproachrsra ra 0mlinma.adtemrn 

tie to,t.lor nitrogen li\ation gr;tsl;nds 0li..t;rin t45 
reslrial area-, millhon(10 miai. ant]million the ma=rinemitl. Iist s (40 million mloat. other ter-

ens ironnlcnt (40 million ota). Synthetic nitroeen
lcitlth/er input is proiected to rkc Isfirther and 

ma. reach (100 million mta bv the 
 %L'ar "O(1).
\'i Icoicact iiity. ionizing radialtion. and electlrical 
discharges supply additional combined nitrogcn-~~~~H 

to the atmosphere: %then washed dtmii with precipitantot. This combined nilro en bct1 ;ii. 

able to the biosphere, but abiotically fixed nitrogenis estimated to he onl% 10-210 percent of the I,,-
ological fixation. Microorganism s are also re-

ponihle for the return of molecular nitrogen to 


the altmophere through denitrifialiton and forthe Iransformations that ;iffcclthe mobility and 
accessibility or fixed nitrogen to the inhabitants 

ntRE 13.1 
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'osphere allows the gas chromato-
irement of the denitrification process 
asingle product. N.O. Measurement 

lion with time under these conditions 
:stimate of dcnitrification rates. The 
plicable to pure cultures as well as 
•nial samples and in sir measure-

limited in sensitivity by the low 
hility in many habitats, 
,teps within the nitrogen cycle are 
iression. For example. ammonium 
inhibit the fixation of atmospheric 
ification occurs readily in neutral 

bois,hut is inhibited in anaerobic 
,dic soils. Assimilatory nitrate re-

ity is repressed by ammonia: dis-
.'rate rcductase is repressed by 

.arious environmental conditions 
nitrocen c~cng processes. there 

i.iion of cycling processes. Fixation 
c.ur,in both surfce and subsurface 
h.attin cci,,ecsluiely iii aerobic: 

i tldica;ipredominates in '5ater-

!id ;ininaciobic aiqutat ic sediments. 

f nitrogen ithin a civen habitat 
.';,monal t1tictuiation,: during spring 
i of q;inob.lcteria. for c\amplc. 

.n fi\a'tion in aquatic habitat' usually
,cting population fluctuations ;and 
necded encrg' and mineral nutnents 
niolecilar nitrocn. 

additional sulfur into the ecosphere at relatively 
low rates. With the notable exceptions of ferric 
and calcium sulfates, most sulfate salts are readily
solubic in water. Sulfate is the second most 
abundant anion in seawater and the SO,2- of the 
marine environment represents a very large.
slowly cycled sulfur reservoir. Living and dead 
organic matter comprise asmaller. more rapidly
cycled sulfur reservoir. Largely inert sulfur res-
ervoirs are metal sulfides in rock. elementai sulfur
deposits, and fossil fuels. Human activities, in-
cluding strip mining and the burning of fossil 
fuels, have mobilized a pail of these inert sulfur 
reservoirs with destructive pollution conse-
quences. Some of these consequences will be 
dicussed later in this chapter.

Plants. algae, and many he*erotrophic mi-
croorganisms assimilate sulfur in the form of sul-
fate. For incorporation into cys.i..e. melhionine. 
and cocnzvmes in the form of sullhvdryl (-Silt 
groups. sulfate needs to be reduced to the sulfide 
lecl b% a,.imilatry sulfate reduction. A direct 
ipi k as stilfide is not feasible for most micro-

ore; ni,,m, because of the very high loitsy of 
H:.;. In as.,imilatory sulfate reduction. to\icity 
i,aoded bh immedialely reacting the reduced 
,ulfir suih an acceptor-for example. ,crine-
to ' icld cysteine. 

Sulfur is released as mercaptans and H:Sfrom the reduced organosulfur state during dc-
composition of dead organic matter Ilrcmner 
and Steele. 19781. Analogous to ammonification. 
this process is referred to as desulfuraion. Volatile 

mercaptans and H2S are the offensive odor cor-
porents of rotten eggs and cabbage. The action 
of cysteine desulfhydrsc can be described as 
follows (equation 6): 

(6) HSCH, -CHN!. •COOH + HO 
.". HOCH,. CHNH,. COOH + H.S 

Hydrogen sulfide is a highly reactive compound
and may be oxidized chemically or photochem-
icall' by atmospheric oxygen. Alternatively. it 
may be subject to microbial oxidation under 
aerobic conditions or it may be photorophically 
oxidized under anaerobic conditions. Under an-
aerobic conditions. sulfate as wll as elemental 
sulfur may serve as electron acceptors, while 
organic substrate. are oidizcd. The imicrobial 
cycling of sulfur is summarized in Figure 11.4. 

(idatie Sulfur Trinififnnaitons 

In the presence of ox.gcn. reduced sulfur corn-
pounds are capable of supporting chemolitho-

nei(t' stE o.f thHemS 
C ie im tng biug c,,mih 

call tan dorunons of O,,
di ddu fom,p 
Nuln-ji oup o f/CCU 

proein..Noi the s lmiiai-
tie of the iuUc ',r-cultithe nlt~gen rude (tigure 

trophic microbial metabolism. Beggiaroa. TWO
um. Thioi'. and the more recently described 
therophiic Thernothr& (Caldwellet al.. 1976). 
are filaentous. microaeroPhilic bacteria Capable 
or oxidizing HS according to equation 7. 

(7) HS + 1/2 0..- S ° 

+ H.O(AG= -50.1 kcal/mole) 

Sulfur globules are deposited within the cells. In 
tne absence of HS these sulfur globules are slowly
oxidi:ed further to sulfate. These typical gradient 
organisms posiion themselves on the interface 
of an anaerobic environment, the sediment. and 
the partially oxygenated water in contact with 
the sediment (Jorgensen and Revsbeck. 1983).

The large size and observable sulfur globules 
of Begeioa allowed Winogradsky to develop 
the concept of m.r0.bial chemolithotrophy almost 
a hundred years ago. Alihough it was clear that 
Brggia,, derived energy from H.S and S ox
idation. until very recently.t was impo,,iblc to 
grow Bei'ilut,, in pure culture under strictly 

Dufu raion

Ts-d°T .2L 
r 

.. R -S. 

.tctivc element with stable valence2 to +6 (Table 11.21 and is among 
.'iunl:inl elctent%in the crust of 

(i~jg
Form 

.ae ~rI 
Example 

mnt 
Oxidation state AsseAuory 

an average concentration of .520 tides. mercaptans - 2 
so.

becomes a limiting nutrient (Ehrlich.en. 1983). At least some elemental 
!s and some sulfide ores appear to
Ic G:igin Iivanov. 1968). Eruptive 

S. 
S:O. 
so, -
SO,:" 

elemental sulfur 
hpo.sulfitc 
sulfite 
sulfate 
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+ 
+4 
+6 

I 
anic a;ctivity continues to introduce 
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As the sum of the above reactions Phosphorus is an essential element in all living
metalic iron is rapidly convened systems. Within biological systems, the most 

tdroxide and ferrous sulfide. The abundant forms of phosphorus are phosphate es-
are: ters. Most or the phosphoris in cells is in nucleic 
+ 2H,O - Fec(OH): + H. acids. Phosphate diester bonds form the links-0 F " " within nucleic acid molecules. Phosphate also 

I. 	+-CaSO, forms an essential porlion of the ATP molecule. 
H.S 	+ Ca(OH). + 2H.O The hydrolysis of phosphate from ATP to ADP 

forms the basis for most energy transfer reactions-S + Fc - FeS + H. within binlogical systems. Phospholipids, which 
contain hydrophilic phosphate groups, are es-° c	 + CaSO. + 4H.O sential components of cell-membranes.
 

-. FeS + 3Fe(OH). + C(OH). 
 The microbial cycling of phosphorus for the 
must part does i.., alter the oxid.tion state of 
phosphorus (Stewart and McKercner. 1982). Most 
phoNphorus transformations mediated by micro,horum (ycle o-canims can be viewed as transfers of inorganic
to organic phosphate or as transfers of phosphate
'not an abundant component of the 
 from insoluble, immobilized forms to soluble orogrove. 1977: Ehrlich. 1981). Its mobile compounds (Figure 11.7).

* further restricted by its tendency Although pho.phate is normally not reduced
in 	The presence of dililent nictals by microorganisms, it appears that some soil and 


W " 
and ferric tF t ion% at neutral sedment microorganism%may be capable of uti-I. I.argc. ,Io ly c.cl,.d reervoir. ing phophaphate as a terminal electron acceptor
oc,.ur in marine and tither aquatlic under appropriate environmental conditions. Re-

•mall, actively cycled reservoirs of liable and recent documentaion for this tran%-
c diolved phophiend deadn organic serve ais a terminal electron acceptor in the ab-tiophat in living ois and irmation is not available. Phosphate is likely Ito 

-ely mn reservoir ha%been pho- ,,nce of sulfate, nitrate. and olygen. The final

ih as apatitc t3CajPO,:.CaIFCII:).
soir i,, being increasingl. tapped by product of phosphate reduction would be phos-phine IPH,). Phosphines are 	 volatile and spon-

industry. Much of this phosphate taneously ignite on contact with oxygen. produ:ingh)it to marine sediments. rai,,ing a preen glow. The production of pho ,phines is 
losrisigtomarne edient.agren gow.Theproucton f pospineit 	future availability of an important sometimes observed near burial sites and swampsisphosphates 

primary phosphates. such as where there is extensive decomposition ofoTanic 
dl one of the three P02 valences matter. Phosphines can also ignite '. methane 
ametal. Primary phosphates have produced in similar environments. givs.'g rise to,,lubilities. Secondary and tertiary "ghostly" light phenomena. A microbial in-


ave only one or no hydrogen atoms volvemcnt 
 in phosphine production is likely but 
.cule. respectively, and their water requires experimental confirmation, 
ic progressively lower. Ir the man- Within many habitats phosphates arc com-iosphate fertilizer the tertiary phos- bined with calcium, rendering them insoluble and 

convetand primary superphosphatment unavailabler o heteroplantsand manymicroorganismsar 

IFIGURE 1.7 insoube 

The phetphorus erTle organc 
shsing WrtmoUnanier'i, Dhosanale 

rvw of.stthhm dea . 
don e a sp... 

lanis 

Soluble 
Lno,an,c 

-

capahle f %olubilizinf 
phriphaies from "uch 

%ources. lPhophatc i%asimilated by these mi-
croorganisms,.portion shich ;:o solubilize a large p-o-of the insoluble inorganic phosphate. 

releasing it for u,. by other organi, ms. The 
mechanism of phosphatc ,olubiii/ation is normallylithotrophic microorganismst,. 	 such as Nitre~r,-by production of organic acid. Some chemo-

n 
mor.s and hihailmolienrgic 

b%producing nitric and sulfuric acids,res,,pectivcly riessen and Stewart. 1985).

Withn sils lsoexits s isolble
phsphteWithin soils, phosphate also exists as insoluble 

iron, magnesium, and aluminum salts. The mo-
bilization of insoluble feri phosphates may occur 

thenmicroorganisms reduce ferric ions to ferrous 
uder anic codiions o ferois 

ions under anaerobic condins. xding or soilsmeHh.,+ 
enhances release of phosphate by this mech+ 
anism.

Soluble forms of inorganic phosphates canbe readily taken up by plants and microorganisms 
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M.cr'".i uiake SouOt 

o'gan 
0hosrAme 

Annals 

InSolubie 
-lale 
seaoaents 

and asimilaicd into organic phosphates. As an 
esaniple. inoiganic phosphat- reacts with ADP 
to generate ATP -.%hencoupled with a sufficientlyexothermic reaction. Inorganic phosphate also 

reacts with carbohydrates such as glucose at he 
initiation of glycolysis.phosphates, aldsooccur: this process is catalyzedThe reverse process, mineralization of organic 

by pho'.phatase enzymes. NMany microorganisms 
produceand fungiphosphataset, enzymes. bacteriaproduce ph e nzyaes Someso ble 
and fungi produce phytase which releases soluble
inorganic phosphates from inositol hexaphosphate 
(phytic acid) (equation 24). 

Inositol hexaphosphate 
+nositol +ap,,ht 

Microbial activities may also 	immobilize phosphorus, rendering it inaccessible to the biologicalcommunity. The assimilation of phosphorus into 
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Iconlstitucnl%. such as membranes. 
,,phate from the available pool. In 
,.ns. rnicrorgan'isms aid plants by 
osphates: in others they also compete 
or available phosphate resources. 
%it%in many habitats is phosphate-
itatic environments. phophate con-
-,hibit scasonal fluctuations that are 
ith algal and cyanobacterial blooms, 
.tion of pho phorus. especially in 
its.greatly limits primary produc-

iatic habitats, phosphorus may exist 
parliculatc form. These forms exhibit 
cactivity and availability to the hi-
imunity. phosphate concentrations 
habitats are closely correlated %%ith 

*i. Phosphate limited lakes normally 
il.e The addition of phosphates from 
h as dcterve.nts tillers caue% these 
-me eutrophic tL'hapra and Roben,,on. 

,urth mtl .hllitd;nt clement in the 

earth. Nit ,,,i ai ,mall portion of 

%%ailablc for biogeochemical cycling 
1: Nealson. '1983). The cvcline of 

. l.:ricl%oxsidation-re.uctionol re-
ieduce ferric iron to ferrous iron and 
,us iron to terric iron IFigur, It .8)(. 
ion-reduction reactions arc imporlant 
nic iron-contaning compounds and 
iron compounds. 
I e" ) and ferrous tFe"') ions have 
itsolubility properties. Ferric iron 
in alkaline environments as ferric 
I erric iron nity be reduced under 
,nditions tc the more soluble ferrous 
,(.me anaerobic conditions, however, 

S may be evolved to precipitate iron 
14lidc. Flooding of soil. which creates 
,nditions. favors the accumulation of 

* -N 

ferrous iron. In aerobic habitats, such as %ell-
drained soil, most of the iron exists in the ferric 
state. 

In organic compounds iron is often attached 
!o organic ligands by chelation. Chelated iron 
can undergo oxidation-reduction transformations 
and these art utilized in electron transport pro-
cesses. Cytochromes of electron transport chains 
contain iron that undergoes oxidation-reduction 
transformations during the transfer of electrons. 

The low solubility of ferric iron necessitates 
relatively elaborate uptake'and transport mech-
anisms for this otherwise abundant element. Sev-
eral groups ofbacteria utilize sideophores. special 
iron chelating agents, to facilitate the solubilization 
and uptake of iron. The excretion of siderophores 
is induced by iron deficiency. To date. two groups 
of .iderophores have been studied extensively. 
Phcnol-catcchol derivatives are synthesized bv 
enterobacteria and bear such common names as 
enterochelin and, enterobactin. Streptornycetes 
and some other bacterial groups synthesize de-
risatise%of hydroxamic acids referred to as fer-

The iron alt-.shothigInter-on.erinn o ir-rs and 
rrrr in, 

iron o.daai. 

/erc 


Fe2- Fe3-

iron
reducton 

rioxamines. In each case the ferric iron is chclatcd 
by multiple hydroxyl or carbonyl groups as the 
ferric ircn is enclosed in the molecular cage of 
the chelator. Siderophores have molecular weights 
between 500 and J.MX)and are not transported 
back through the cell membrane, but rather pass 
on the iron molecule to siderophore receptor pro-
teins in the membrane. The ,iderophore receptor 
shuttles the iron molecule through the membrane 
and releases the siderophore to chelate additional 
molecules of ferric iron (Lewin. 1984). 

Under alkaline to neutral conditions. ferrous 
iron is inherently unstable in the presence of O. 
and is oxidited spontaneouly to ferriciron. Under 
such conditions microorganims have little chance 
to extract energy from the oxidation process. 
Under acidic reaction condilions in oxgcnated 
environments. host ever. ferrous iron :s relatively 
%tableand under such condition a-'idophiles such 
as FTihu, llie. frrroxidiox and ,ome strains o" 
Sulfilhui. acidateddarius.are capable of the 
chemolithotrophic oxidation -if ferrous iron. 
125t l:e: + O0. Fe'" 

+ 10t.-(; -6'.5 kcal/molel 
Altetnaticly. the sinic microoreanism%can also 
o\adize reduced sulfur compounils. Non-acido- 
philic iron bacteria. %uchas the prosther'!c il.y-
pli,,oii'rbiont. I','df, r,,!,im. and Phcr-.'p 

P'o .i.
the liamcntous.%.sht-l.oilm and Leptoitrix. 

at times decnbed as being chcmolithotrophs 
or at Icast as derisine energy from ferrous iron 
o\idation. In addition, a number of ad.'itional 
.iron bacteria'- such as Gai.oilla.Ahtllh-,ien-
onm. Slib ar. Ochrohui. Sider,capsa. NVat'-
mnnicln, and Sideroutcit were described from 
enrichments but were never obtained as stable 
a\enic cultures (Jones. 19S6). Although these or-
ganisms appear to catalyze ferrous iron oxidation 
to some extent and become encrusted with the 
ferric or energy-precipitate, the cheinolithotrophic 

yielding nature of the process has never been 

demojnstrated convincingly. Cell walls may simply 

act as catalytic surfaces for ferric iron precipitation 

mb Iron Cycle 

or the cells may use ferrous iron oxidation as a 
sink for harmful excess oxygen. 

The activity of iron-oxidizing bacteria can 
lead to substantial iron deposits. Typically. 
groundwater seeping through sand formations 
dissolves ferrous salts. Underground. a lack of 
oxygen usually prevents iron oxidation. When 
groundwater seeps to the surface. usually in a 
swampy area, tron oxidizers convert the ferrous 
tFc2") ions to ferric (Fe"). which precipitates 
as ferric hydroxide and forms bog-iron deposits. 
Such easily accesit,!e surface deposits were mined 
extensively and smelled in the early industrial 
age. 

Since o.ygcnic photosynthesis changed the 
atmosphere of our planet :o an oxidizing one. 
most iron in the biosphere iskept in the oxidized 
(ferric) state. Where limited oxygen diffusion and 
vigorous hetcrotrophic microbial activity create 
anaerobic conditions, as occurs in !he hypolimnion 
or stratified lakes, waterlogged soils, and aquatic 
sediments. ferric iron may act a_ an electron sink 
and be reduced to Fe2". A large and heteroge
neous group of hctero:rophic bacteria appear to 
bc invol ed in iron reduction including Bia .llu.x. 
Pscodona . P'rolen. Alca.!igencs. clostridia. 
and enicrobacteria. 

The mechanism of iron reduction remains 
largely unexplored. The facts that nitrate inhibits 
Fe" - rnductiOn. and nitrate reducta!,e negative 

.mutants lose their ability to reduce Fe' link 
iron reduction to the nitrate reductase system at 
leait in some microorganisms (Nealsor. 1983). 
Some iron reduction may occur non-enzymatically 
when reduced products of microbial metabolism. 
such-as formate or H.S. react chemically with 
Fe'. In soils. iron reduction is linked to a con
dition calle:l gleying. Anoxic conditions due to 
water-logging or giivehigh clay content rise to 
the formation of reducedferrous iron. which giv,:s 
the soil a greenish-grey color and a sticky con
sistency. The predominant iron reducers within 
gleyed soils appear to t.&Bacillus and Pseudo
monas species. 
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Compost plant flow diagram 
plies some plant nutrients. but cannot compete 
uith synthetic fertilizers in agricultural production. 

sion from fecal contamination nor should their 
oxygenation. temperature. salinity, turbidity, or 

Allernafe orygtnontng process If sewage sludge was a major component of the pH be altered significantly. 
- ec.,. -,Metal *asve, compost mixture, the finished compost may con- Natural waters have an inherent self-purifi

* 

. r 

' 
'.eta a w sr;,e, 

anc magne,.c
'epraortoxic 

tain relatively high concentrations of potentially 
heavy metals, such as cadmium, chromium, 

cation capacity. Organic nutrients are utilized 
and mineralized by heterotrophic aquatic micro

,a magne! I and thallium. Little is known about the behavior organisms. Ammonia is nitrified and. along with 
of these metals in agricultural soils and. because 
of the possibility that some of these heavy metals 

other inorganic nutrients, is utilized and immo
bilized by algae and higher aquatic plants. Al

• 8 .81,,€may contaminate agricultural przducts. the large- lochthonous populations of enteric and other 
S,,,agtoo scale use of sewage sludge-derived compost in pathogens are reduced in numbers and eventually 

Wet pu3rnq process 

Feeoe, 

Cono panelg 

FarlrelO-Haw 

Screen 

gesler" pel'et.z.ng 
babaggng 

aericulture does nat seem wise at this time. Coin-
post finds application in parks and gardens for 
ornamental plants, and in land reclamation, such 
as for strip mining reclamation and highway 

eliminated by competition and predation pressures 
exerted by the autochthonous aquatic populations. 
Thus, sufficiently low amounts of raw sewage 
can'be accepted by natural waters without sig

e, elwebeautification projects. Compared to alternative 
disposal methods. composting has con'iderable 

nificant deterioration of water quality. Dense hu
man populations, community living patterns, and 

D .yen environmental advantages and is likely to be 
practiced in the future on an increased scale. 

large-scale agricultural and industrial activities 
typically produce liquid wastes on a scale that 

'gg overwhelms the homeostasis of aquatic com
munities and causes unacceptable deterioration
of water quality (Dart and Stretton. 1977: La

• ofc..rnllm.ti.. tin.l',.s.slmi 
* NsmntiRr i ,sihth .:*.1 

.,.. !!IT.;:nrt~rit.i in .rnmts,.i: 
ITre.menl of Liquid Wslmes 

Liquid wastcs are produced by cser~day human 

Riviere. 19771. 
Historically. the first human concern with 

water quality was prompted by desiructive ep

,rcz.Th,:'rmtuacg't yt'.. ard (ls-
,1pioclhn. Important fingi in the 

"Theeconomic ,hility of comi,,ting is of'ten 
mistakenly judged only by the sale value of the 

activities (domestic seseNaec and by .anous ag-
ricultural and industrial operations. Following 
natural drainage pat;ems or sewers, liquid waste 

idemics of cholera. typhoid fever. dysentery, and 
other diseases spread by waterborne pathogens. 
Waste treatment, protection of drinking water 

composting process atc (;,'g4richun 
I 'p rs,'i~li.s lu ...itu , tmr pu.iu. 

generated conpost. The primary purpose of 
composting. however, is to dispose of noxious 

discharges enter natural bodies of surface water, 
such as groundwater. rivers. lakes, and oceans. 

sources, and disinfection of drinking water and 
sewage, gradually introduced in the early years 

,ttIheriutlphi'l. IIImc'f,,4 u%.oooian-
.,rula herm..phik; l:in.icin and lor-

%.istesit an etmniirmtentally acceptable manner 
Any cots recovered from the sale of compost 
reduce the cost of waste disposal operation. but 

At much %lowerrates, they inaN also percolate 
to the groundwater table. espccially if this is high 
or if fissures are present in the unstaurated Iva-

of this centrury. largely eliminated the spread of 
waterborne epidemics in developed countries: 
concern remained, however, for the health, en

,imal compotiag. sevcral conditions should not he e\pecced to render the waste dis- doe) soil layer. These rame water bodies are vironmeital. and esthetic problems caused by an 
Adequate moiture 00-60 percent poal operation self-supporting. Landfill opera- used by people in alternative way. such as overload of organic nutrients in sewage-polluted 
t)must be present, but eoss mis- tions may have lower direct costs than com- sources of drinking water, household, industrial, waters. Even as treatment methods were dcvel

reent or above) should be avoided. it ig, but the long-rngec -vironmental costs and irrigation water, for fish and shellfish pro- oped that alleviated most of the above problems. 
*iferes with aeration and lowers self-
use of its large heal capacity. Carbon-

ii -rms of groundwvater cor.,..<ination favor the 
composting process,. Becau,,e of their water I-

duction. swimming and other -ecreational activ-
itic-. Therefore. it is crucial to maintain the quality 

total sdwage volume increased further, and the 
inorganic nutrient contcit of sewage started to 

itios should not be greater han Itition potential. raw or anaerobically digested of these natural waters to the best of our ability. command additional attention because of cultural 
I. Lower nitrogen content does not sesage sudges and other unstable organic wastes Water quali;y is a broad concept. Its maintenance eutrophication" problems caused by the excess.-.; 

formation or a sufficient microbial bi- are acceptable by federal and state regulations means that natural waters cannot be overloaded mineral nutrient enrichment of natural waters 
cessive nitrogen (C: N = 25: I. or nar-
, to volatilization of ammonia, causing 

oniy in a few designated landfill operations. In 
addition. compost is useful in soil improvement 

vith organic or inorganic nutrients, toxic, noxious, 
or esthetically unacceptable substances. They 

(National Academy of Sciences. 1969; Keeny et 
al.. 1971). Man-made synthetic organic molecules. 

-ins. and lowers the fertilizer vale of in certain situations, should no: become vehicles of disease transmis- not readily subject to microbial degradation during 
,,1compost. Compost is a good -;oil conditioner and sup



381 

1-log1aid Aspes of Blodeterloratlon Contz-a: Soil, Waste. and Wa.&i- Management 

itment. aho cause additional contem-
Iers. 

-nrr liquid waste treatment, the usual
'erations is the reduction of the hio-,-'gen demand IBOD)associated with 
nd dissolved organics. occasionally
the removal of inorganic nutrients 

tran t organics p rior to the d isc hargeent l-a'.skes. 1963: Mitchell. 1974). 

asure of oxygen coasumption requiredobial oxidation of readily degradableIammonia in 'ewage. The .- day BOD 
ieoxygen consumed by properlya 
,ge%ampleduring 5 days or incubation 

ewage sam ple is dilutcd in oxygen-.ter and enclosed without air spaceott1e. After incubation, the decrease 

I osygen is measured, usually by antrode. Since ,ome organic'. are notlied hy microorganisms and since"miss i.s.lo formed. HOD is lo''er 
mical o\.',cn demand (C')l)i ica-
.tiong chciricisl oxidant%. 
it%solubiliuv is low. dissolved ox.Licn 
.iicrs seldom esceeds N mg/L. andelcrotrophic microbial activty. it is 
,;ihl Iocr than that. Replenishment 
oxygen from the atmosphere raer-by photo%%.nthetic 0. evolumion can 
,hly slo',.er than the utilization rate 

heterolrophic microorg.nisms in 
of abundant organic substrales. 

s. the principal impact of sewagenaturat waters is the lowering or
I their dissolved oxygen (D.O.) con-
\vgen is eihaiisled. self-purification
-%dralstically. Fermentation products 
,ieand sulfate, give rise to noxiousition of sccondry elctron sinks. 
•and colors: the water becomes an-
.pie. Oxygen deprivaeion kills ab-
, tcO. genm dpria t ndiei u c organisms includi g onic mi . 

crobial forms, fishes, and invertebrate animals.The decomposition of these dead organisms con-

andecosystems, 

thus further slowing the recovery process.(Wre.17. Inpujt of a single dose of sewage into a lentic(stagnant non-flowing) environment causes a septic
period of oxygen depletion with an associated
reduction in biological diversity (Hynes. 1960). 
A fte r a pro lon g e d sep tic period , o xyg en d iffusioneventually reacrates the system and allows the, 

mineralization of the accumulated fermentation 

products. The 
mineral nutrients liberated fromthe degraded organic matter may then give rise 
to an algal bloom. If there is no further distur-bance. secondary succession uilleventually re-

storc the aquatic com munity to its form er %tale.When a lotic fflowing river) environment receivesa steady input of .aw sewage. the above desccnbed 

events may be observed as steady state conditionsat various distances downsiream from the se,,ageoulfall. The rel;tive changes in some environ-mental parameters and ponul:ations in a river re-
cei. ing ,e age are illotraed in Figure 12.? I)e-pending on the rate of sewage discharge. flow 
rate. water temperature. and other envirm.nmcntal 

factors. water quality may return close 
to theoriginal State at distances from a few up :o svecr,,l
dozen kilometers dot,%instream from the se.,age
oulfall (Hynes. 1960: Warren. 1971).Septic conditions in natural waters. whether
they occur temporarily or as a steady ,,Itc.are 
clearly undesirable. To avoid these conditions. 

sewapt trca~meni aims to reduce the BOO of thescwage prior o discharge. Typically. this isachieved in several steps, each step bringing abouta more complete reduction of the original BOD.Thcse steps ,=rereferred to as prima:y. secondar..
and tertiaryI sewag: treatment, 

asshould be pointed out thatSewagescrecns, traps and skimming devices that removeony•owpretgofheusnddrds-enters the treatment plant through only a low percentage of the suspended or dis-laer objects, grit, floating scum and greave,Primary sewage solved organic material is actuallytreatment removes mineralizedonly .,us-
Pr .,iry hs 

during liquid waste treantm-n. Mou of the organice re m va t rsemove s n lypende ft , lit m aterial issolids, This removal is achieved in %ctliig removed by settling, and in a w ay thedisposal problem is merely displaced to the solid 
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tanks or basins (Figure 12.8) where the solidsare drawn ofi' from the betom. They may besubjected to anaerobic digestion and/or com-
soil conditioner, It
posting prior to final disposal in landfills or 

Treatment of Liquid Wastes 

waste area rather than solved by completecycling. re-Nevertheless, the fragility of aquatic
owing to their low dissolved oxygen 

The liquid portion of the sewage containingdissolved organic matter is subjected to further 
treatment or is discharged after primary treatmentorgaic maier oi d e remvesa t ltredayonly tLiquid wastes vary in composition. and ifprim t reat t ov e a y en m ytre 
orgni mer, pimary tratn may eoered
70-80 percent of tt .BOOand may be con.iered 

. Fhowevera primary treatment removes only
 
0

ment is necessar% for acceptable BO reduction 
(Schroc der. 1977aondary.. sag 

tion or the dissolved organic mater ismin
 

eralized and a larger portion is converted fromdissolved state to removable solids. The combination of primary and secondary Ireatmerin,reduces te original ,OD of the se\,.age by 8
90 percent. The secondary sewage treatment steprelies on microbial activity. The treatment may
be aerobic or anaerobic and may be conducted 
in a large variety of devices. In some of ihe.e.the nicroorganism, are associated with surface

film%, in others they 
 arc homogeneously suspended. A correctly designed and operatedondary treatment secunit should produce effluents
with HOD and/or su.spended solids less than 20 

Aerime "reatiens 
A simple and relatively inexpensive film-flow typeaerobic sewage treatment installation is the trick. 
ling filter (Figure 12.9).:The sewage is distribu!edby a boom-type sprinkler revolving over a bed 
oprusaeil.Ise-vyeeoastruh
of porous material. IP slvly percolates through 
this porous bed and the effluvnt is collected atthe bolto. The porous material of the filter bedbecomes coated by dense, slimy bacterial growth.Zooglea r atmoiger, and similar bacteria play a 

http:process.(Wre.17
http:slo',.er
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tank for 
,f.nrer c, 
,.,ilt irge de- - . 

_______.._____n, marring ithrough 

,*la.Mn-gwa 
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principal role in gene rating thof i.lutra) muuurl;aMit tuttsecuatur slim e matrix (Figure12.10). which accommodates 
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a heterogeneous 
Concntr)ton.micro'alcommunity including bacteria, fungi,
i.protoa. n imtyodcs.to. and rotifcrs (Mugkbcta.1975: Hawkes. 1977). This microbial community 

7o. absorbs and mineralies the dissolved organic
W nutrient%,in the sewage. thus reducing the BODof the effluent Fi. 12.1 I.Aerauon is provided

of, the n1.ture f te b. Insect' .ptieefl b irt.2t.1 magls fly lar, e consume the ex:ess microbial 

so.0 maiomsflynerated conse te a\-snuiancolbiomass enerated, but conslitutc a nuisance to 
i1tI nearb- residentiatl areas. The" can be controlled 

IM 
1.9t2tW Trickling filter fr the scronta. trvatnnii uelf.age.15e'tondargIe .e de d JnT%%tcii tnrut-lion driaailg (Irm . 

4ox) tnn71; rdomrialed Ite peintlhfon;mbarro. W..,ui,,,'s Cn.) R. 
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that described in case of the trickling filters. The 
continuous rotation keeps the slime well aerated 
"~!:andin contact with the sewage. The thickness 
of the microbial slin.e layer in all film-flow pro.
cesses is governed by the diffusion of nutrientsthe film. When the film grows to a thick. 

ness that prevents nutrients from reaching theinnermost microbial cells, these will die. autolyze.and cause the detachment of the slime layer. The 
'I .-. "sloughed-off microbial biomass can be easily re~ iV.r.L ~ '1.'a'' ' 

-,, .. . 410a 
. 'trickling 

-. ', . 

FGtRE 2a. 

Zogifi a ramigcr , a s sage bacr itumlthat pai ( Fi rem 

large amo1unts o er,' e lutaur sAtlm ! role In surfvt lime. le.Ithnan Iir t 
duringt . nvr nml. (Cmn,-,, u 11.rgan. Ohio 
State Unhcekt....) 

by the continuous rather than intermittent op-
eration of the trickling filter-. because the fly larvae 
are suppressed by continuou, "preadinggand suc-cessfully feed oti the cptlscd microbial biomassonly wahen the ,pumnklin is shut tiff. 

Th- effluent from tricking fltters is furtherclarified by allowinj! sloughcd-ot" biomass to scttlc 
prior to discharge. The swage may be passed 

through two or more trickling filler. oar can be
recirculated several times thiough the same filter,A drawback of this otherssise simple and in-expensive treatment system is that a nutrient 
oserload may Icat' to e\ce;s microbial slime. 
cessitating a renewl.; of :he trickling filler bed.Cold winter temperatures strongly reduce the cf-reducing aeration and percolation rates and ne-

A moreof these oitdoor treatment facilities,advanced aerobic film-flow type 

treatment system is the so-called rotating bio-
logical contactor or biodisc system. Closely spaced 
discs, usually manufactured from plastic material 
(Figure 12.12) are rotated in a trough containingthe sewage effluent. The partially submerged discscoated with a microbial slime similar to 

moved by settling (Howell. 1977. Schroeder. 
1977). Biodisc systems require lc s spce than 

filters, are more efficient and stable in 
operation, and produc: no aerosols,require but theya higher initial investment. They have 
been successfully used in treatment of both do.es tic and in du strial sewa ge e ffluen ts . 

urh.vidA popular aerobic u sitn.upension type of liquid 
waste treatment system is the activated sludge 
process (Figs. 12.13 and 12.14). After primary
settling. the sewage, containing dissolved organic
compounds, is introduced into an aeration tank. 
Aeration is provided h) air injection and/or me
chanical stirring. Microbial actl;itv i. maintu-inedat very high levels by reintroduction of mst ofthe settled activ;ted ,1t:dec. hence the name of 
the process. During the holding period in theaeration tank. vigorous development of hetero
trophic microorganisms takes place. 

The heleroLcencous nature of the substrate
allows the development of diverse heterotrophicbacterial pooulations. Gram negative rods predominate w ilh cohorm, (E.h ri.hi). Ener

c-mlIEionhhatr, peudomonad,,. Ac.4hriniphr,.ter. Flar,
isolated. licrocipcitt.bactritin. Z.,oglea Arthrtadctcr.being most frequentlycoryneformsandand mycohactcria also occur, alongvarious 

with Spiarotilits. and other large filamentousbacteria. Filamentous fungi and yeasts normally 

occur in !ow numbers and play a subordinate 
role in the activated slidgc process. The protozoa 
are mainly represented by the ciliates. Along with 
rotifers. they are important predators of bacieria.The bacteria occur individually in free supensionand also aggregate as floc. The floc consists pre
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't-r~uton srr Li.)tv of mcrohial bionas cemented by numbers iCaida. l9h. Pike and Curds. 19711.slimes. such as produced hy /rn'u,' The diversity and dcnit of bacteria in actvatcdand similar organisms. \t,-t oftihe ciliate sw-%%nge sludge renders this material a popular*"suchas Vor:ic6!a. are o the attached inoculum for variou, enrtchment cultures. Someling type: the%. adhere to the floc but typical total and ,iable bacterial counts at variousomina~tly on the bacteria in sUpnsion. stages at sewage treatment ar shown in Tabeiv. too large to be ingested I, the ciliates 12.2. 
rs. and thus may be considered a defense During the holding period in the aeration tank..m against predation. In the raw sewage, a portion of the dissolved orgaric substrates isd bacteria prcdominatc, but during the mineralized. Another portion is conveertd to mi-tic in the aeration tank the numbers of crobial biomais. In the adv;ttccd stage otacration.A bacteria decrease. At the same time. must ot the microbial bioma,, is associated with,ociated with floc greatlh increase in flo that can be removed from suspension by 
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I"the "bulking" of the sewage sludge. a problem
caused by proliferation of filamentous bacteria. 
s-
Bacillus. and also filamentous fungi, such. ... asoducl, Of"Pencillium.By"rduc. Geogrichum. Ceplzalosporium. Cladosponium. aidat.e v s.-" The causes for hulking are not always".-understood, 

but this condition is frequently as
,. "--v.sociated 

with high C:N and C.P ratios and/ordissolvedAlow oxygen concentrations..A portion of the settled sewage sludge is
 

I H" .recycled for inoculation of the incoming raw 
the excess sludge requires additional 

by, anaerobic digestion and/ar comnposting, or has to he disposed of in landfills. The"acceptable.practice otocean dumping is no longer consideredCombined with primary settling, the• '""activated. s!udge proce s tends to reduce the BUD 
-. V!

P a IThe of the effluent to 5-15 percent of the raw sewage.treatment also drastically reduce% the-, 
 numbers ot Intesinal pathogens in the sewage.
:scn 

-
prior to final disnfection by chlorination. 

. . .This reduction is accon pli hed b% the combined 
effect%or compe.tttion ad orption piedation. and.otiling. lrcdation b %cilates. rotifer . and Bdel. 
le ihria is probably indiscriminatc and affects 

12.12 pathogens a% wellI\%,o %tr a Mulling lt as nonpalthogenic heterotrophs. 
un it. "(IF rom , rr 

hh1rAI ",ntior,,r o. "ltmtie l'athogens. hocscr. lend Io grow poorly or notSch oed eri.l 15h,; nprinttrd In i dl r ios a t a ll u nd e r the co nd itions p re va iling in the ac ra
n ta nk . h ile the no npa h ogcn c hc te rotroph s 

s,ludge floeI are critical tor their fti,:tont remo'al, proliferate vieorously. Thus. nonpathogcnic hetcrotrophs compensate for their removallud e foc rc citial byor hei cffwicit emo al. predation. shile theoor s ig ch.racistics pathogens are decimatedare associated ssith continuousl . Settling at the floe removes ad
itionatrraonrtt hognsl . typn oriy mecr st1('E 12.13 at Saut-,tm. A ponion-,,€t.ai Jttr,- 'I, .€r diinla pathogen.99 percent Iosser Tyiand y nubersilt in the etfluent coi are9digram ofan a"titlltd at the activated

9urgrtOr the inoming s,,gi-. (After Indit and 
in'h etfutento eaierInutauti:t 

sludge treatment process than in the incomingar 9 reprnit and raw se age. Enteroviruses are removed to a sim-Iappeailar degree: here the main removal mechanism 
-he to to be adsorption at the virus particlesappeals 

to the settling sewage sludge floe. 
The activated sludge process is essentially a 

continuous culture process, suitable for mathe." " mattical and computer modeling (Pike and Curds. 
1971). In a steady-state condition. the growth of 
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is crit:ic;l for i emov of the portion of the 1101) 
cnsitang of d:;perses bacteriai that %%otild li-
othet isi: discharrged %%lth the effluent. In fact. 

________.__________ the t. pfs and numbers of protozoa a%%ociailcd 
with the activated sludQge floc can- indicator o be ucdtratenas ansludge condiic~n. andathu 

1 -- indicator of s condatic.n, and thus treatmentr pdge 
performance. The sludge is in noor condition ., ~ ~~~when. . few ciliates and many flagellates are obh 
served: ;atcs predominate in "'good" sludgen. 

.. ...= . "' - "dem on strated in benchscale treatment unit-, in.The role of the ciliates was also experimentally
oculatd with controlled bacterial and protozoan 

'.4 populations as shown in Table 12.3. 

'In oranl .ris.ltttl .tidjg, smcattr tnii The activated sludge treal.aent system is an 
,.Clahla, l!tiJI: nolrntted hi lfinllssiinn; efficient and flexible one that is able to with!iandJtn Wilt i ti.i consiterable variations in sewage flow rate and 

concentration. It iswidely used for the treatment
bacteria. tiw': associated with floc. of domestic sewage and industrial emuents. Some 

qual to the .ludge wastage. those re- interesting variations of the 'process were de-
Figure 12.15 the steady-state popu- veloped for treatment of industrial wastes, and 

microrganisms are modeled at various are shown in Figures 12.16 and 12.17. Both mod-
id sludge -;atage rates. Model (AIas- ifications are designed to improve the oxygen 
presence of attached ciliates. a con- transfer rate and thus achieve a higher BOD re-

I most ch,.cl1 resembles the real-life duction rate per unit volume of treatment system.
Simulation Ilt assumes only frec- The "'unox" process (Figure 12.16) developed 
cili:.tc,: by Union Carbidesinlail.ition (C)asumc, the uses oxygen instead of air for
ili.tcS. "1t,t.te of the attachcd cili;ttes aeraftion. Cloed tanks and a specially designed

ting the st.t'lt-'ed bacteria is cle;rly ,tirring system prevent the wastage of onx.gen.
Il. thc ri-1'h ,cor the attached silics The deep shalt pi occ.' of ICI (Figure 12.171 lses 

tntnt .tUilii ihh. 

fanstl..Ile lhcirial Cont 
*i~t**01 *tt .'.: In .inup e In l:t an.is I ' Lcn i ofliit 

Inumnher/mLtTittV•tt inumber!gittl Vat bactcriui~lthtl 

Toil VlRll lwl Vile 

Settled sewiage 6. It' 1.4 ) I" 3.2 tIo0' 6.6 x 10' 2.0 
,ctivatcd ,ludgv med

liquor 6.6x 10' 5.6, Itt' 1.4 x l0i 1.2x in"' 0.85 
Filter %lime-. 6.2 x In;" 1.5 I0 1.3 x 10t - 3.2 x 10" 2.5 
Second;rv efliteit, 5.2 x IO' 5.7, ItY' 4.3 x 10 " 4.7 x 10" 1.1 
"ertitrv efflttent, 3,4 x itt 4.1 .ill'3.4 x 10 ': 4.1 x IO 0.12 
After ( 1-,,I-171. 
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airinjection and ach-eves high oxygen dissolution substitutes for the previously described treatment 
by increaing hydrostatic pressure and an inge- systems. They tend to be inefcient and require
niots circulation pattern (Howell. 1977). large holding capacities and long retention times. 

Oxidttaon ditches and lagoons are low-cost As oxygenation is usually achieved by dirrusion 

ToIttL 12.-1 

n t rl it i tr oirtiir pnlus With ut 

iM.-rh 'w.1i,.arit.alon' EMucnt anal.% issthtttgellt-nt.l ciliates hciiates 

BOD lmg/L) 53-70 7-24 

COD (mg/LI 191-250 124-142 
Permanganate value (mg/L) 83-106 52-70 
Organic nitrogen (rp,/L) 14-21 7-10 
Suspended solids (mgL) 86-118 26-34 
Optical density at 620 nm 0.95-1.42 0.23-C.34 
Viable bacteria count 
tke.,rd 106-160 1-9tmillions/ml) 

Arter Pike ani Curdq. 1971. 
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Metane nitude higher than .erobic ones. Fungi and pro-

F-'" vent tozoa are present in low numbers only and are 
Floang oo not considered to play a significant role inan-

aerobic diestion, 
The anerobic digestion of wastes c-n be 

considered as a two-step process even though it 
really is a coupled sequence of microbiological 
interactions. First. complex organic materials in-
cluding microbial biomass are depolymerized and 

- converted to fatty acids. CO. and H. A large 
Stucge 	 variety of nonmethanogenic obligately or facul-

tatively anaerobic bacteria participate in these 
processes. In the next step. methane is generated
either by the direct reduction of methyl groups 
to methane, or by the reduction of CO.to methane 
by molecular hydrogen or by other reduced fer-
mentation products, such as fatty acid. methanol, 

Sorl or even carbon monoxide (Balctt et al.. 1979). 
suge Some of the methanogenic bacteria and the 

mechanisms of their methane production are listed 
,,ildified
diagram of'an anaerobic digestor. in Table 12.4. 

iU.1974.; rerpriied ,.permi--iaton e. The operation of anaerobic digestors requires
,,eettaa. 
 the close control of sevzra! parameters, such as 

retention time. temperature. pH. and C:N and 
,iasuspended organic matcer: values be- C:P ratios. The reactors are usually heated to 
and 100 g/I ar considered favorable. 35-37C for optimal performance. pH has to becontrolled to stay within the 6.0-8.0 values, with

biomass. viable counts of which can 
It as 109-I0 ' bacteria per ml. Anaerooic 
ial 	 pH 7.0 being ootimal. Extremes of pH. and the 

influx of heavy metals or other toxic materials 
ic typically two to three orders of mag- can easily upset the operation of the anaerobic 

Sof bogerire Source of Electron 

,irthanog.rii CH.-carbon donor Methanoccnic bacteria
Co. H. , Itqha,,vhgeritti,, hrvati 

O:Hetmhaacterinim ther'ani auchAIlgIhnnobnltri~nm thiermrnlllfotrph:c.in 

Methannitricrobiutm mobile 
CO. H.. formate 3trthanococcirt vannielii 

CO. H: formate .egnobacteriuin formiric'an 
CO: H. 
methanol. meth\'lamine. di-and .letamntarcjin harAeri 
inmeth lamine. acetate 

digestor. In a "'stuck" or "'sour"digestor methane 
production is interrupted and fatty acids and other 

fermentation products accumulate. It is a difficult 
task o restore a stuck ddigstor to normal op.thich 


eration. It is usually necssary to clean out the 
reactor and charge it with large volumes or an-
aerobic sludge or appropriate methanogenic bac-
t-ria from an operational unit. 

A number of advanced process designs were 
develored recently for anaerobic sewage treatment
(Switzenbaum. 1983). The relatively high cost of 
anaerobic digestors has previously limited them 
to processing very high BOD liquids, primarily 
sewage sludge. Some advanced designs make an
aerobic digestors more efficient and economical 
in handling more dilute wastes, such as primary.
treated sewage. The anaerobic activated sludgf 
process closely parallels its aerobic counterpart:, 

settled biomass is continuously recycled to ma).-
imize the rate of digestion per reactor volume, 
Other designs involve sludge bezs, anaerobic fil-
ters or anaerobic expanded fluidized beds. Each
design attempts to assure that the dilute sewage 
passes through a very dense staionary anaerobic 

biomass. This passage minimizes reactc,' volume 
and fluid retention time while it maximizes the 
efficiency of the digestion process.

.Anonrmaly operating anaerobic digestor yields 
a reduced volume of sludge. This material still 
causes odor and water pllution problems and 
can be directly disposed of oniy at a limited num-
ber of landfill sites. Aerobic composting further 
consolidates the sludge and renders it suitablc 
for disposal in any landfill site or for use as a 

soil conditioner. The gas producca consists of 
methane. CO,. small amounts of other gases, 
Thi as N, H.S. and occasionally traces of H.. 

This gas is either burned directly in the treatment 
plant to drive the pumps and maintain the tem-
perature of the digestor at the desired level or.afer purification. may be added to municipal gas
distribution systems (Finstcin and Morris. 1979).

Anaerobic digestors are relatively expensive
to construct and requir, expert maintenance. 
though some of the cost is offset by the production 
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of the methane gas. The use or anaerobic lagoons 
as an inexpensive alternative is seldom fcasible 

because of the oxious odcrs associated with 
such an operation. A special case in the
 

anaerobic lagoon performs in a relatively ac
ceptable fashion is in treatment of meat packing 
plant effluents. Fatty materials and animal stouach 
contents form a thick, insulating scum layer on 
the surface of such anaerobic lagoons that sub
stantially reduces the odor problem and renders
such facilities accep.able if they are a sufficient 
distance from residential areas. 

Tertiain Trreaanents and Disinfection 
The previously discussed aerobic and anaerobic 
bioh'gical liquid waste treatment processes are 
desiRned to reduce the BOD represented by dis

solved, biodegradable organic substrates; all are 
classified as secondary liquid waste treatment. 
Tertiary treatment is any practice beyond sec
ondary. Tertian liquid waste 'reatments are aimed 
at the rernoval of nonbiodegra-able organic pol
lutants and mineral nutrients. especially nitrogen 

and phosphorus salt5. The removal of nonbic
degradable organic pclutants, such as chloro
phenols, olveclorinated Einhrnyls. and othersynthetic pollutants Isee Chapter 13) is necessary
because of the poteniiai toxicity of these com
pounds. Activated carbon filters re ued in re
moval of such materials from secondary-treated 
industrial effluents. Previous secondary treatment 
is necessary in order to avoid overloading this 
expensive treatment stage 	 with biodegradable 

materials that can be removed in more economic 
ways. 

Concern aoout nitrogen salts and phosphate 

in sewage effluents Isrelatively recent ud is 
connected with the phenomenon of cultural Zu
trophication of natural waters (Keeney et al.. 
1971; Godzing. 1972). Eutrophication. the process
of becoming rich in nutrients, is a natural sequence
in the geological history of lakes and ponds. In
itially deep. cold. nu:rient poor (oligotrophicl 
waters become shallower, warmer and more cu

http:thiermrnlllfotrph:c.in
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silt and organic matter accumulates. 
. the lake is filled in. Cultural eutro-
flicquently referred to only as eutro-
sith the same intended meaning. is the 

human activities and causes dramatic 
lake character within years or decades 
geological ages. Sudden nutrient en-

hrough sewage discharge or agricultural 
-•crs explosive algal blooms. Owing to 
,own or unknown causes, such as mutual 
exhaustion of micronutrients, toxic 
or disease, the algal population.usually 
['he decomposition of the dead algal 

hy heterotrophic microorganisms ex-
e dissolved oxygen in the water. pre-

extensive fish kills and septic conditions, 
trophication does not go to the above 

algal mats. turbidity, discoloration, and 
he fish population from valuable species 
,,lerant but less valued forms, represent 
,Ic eutrophication changes. 
-phication is a complex phenomenon that 
,derstood in the context of Lcibig's Law 
nimum. Many natural oligotrophic lakes 
ed by phosphorus or by nitrogen, but 
rient limitation possibilities, such as dis-
): or sulfur. may also exist. If the sewage 
upplics large amounts of the inorganic 


wichappense to be imtingrene r
aterbody, a eutrophication response is 
,ccur. If this is the case. and the sewage 
- cannot be stopped or diverted, the ob-
Aedy is to remove the causative inorganic 
from the sewage discharge, 
ihosphate filler of many deterent for-

. hich is added to precipitate divalent 
h as Ca'* and Mg- in hard water, is 
quently blamed in eutrophication cases. 
Washington. located adjacent to Seattle 
,,unding communities, the pattern of eu-
:ion and the improvement following sew-
rsion from Lake Washington to Puget 
:orrelated best with phosphate concen-
, 'dmondson. 1970). Work on Wisconsin 
,t,..atcd that phosphate conccnitration, 

sil. 'Aiste. and W'atr . ana5i..ijrent 

exceeding lOg P/I at the beginning ofthe groing 
season are likely to result in destructive aleal 
blooms. In this and man' other cases there is 
little doubt that phosphate has been the main 
offender, but in the case of nitrogen-limited waters 
a treatment to remove phosphate alone is clearly 
useless. In practice. if eutrophication of the re-
ceiving waters is a concern, an effort is made to 
remove both nitrogen and phosphorus from the 
effluent (Godzing. 1972). 

Phosphate is commonly removed by precip-
itation as calcium or iron phosphate. This can 
be accomplished as an integral part of primary 
or secondary settling, or in a separate facility 
with recycling of the precipitating agent. Nitrogen. 
present mainly as ammonia, can be removed by 
"'stripping." that is. by volatilization as NH 3 at 
a high pH. Some of the ammonia eliminated f;om 
the sewage in this manner, however. ma return 
to the watershed in the form of precipitation and 
still cause eutrophicadion problems. Another al-
ternative for ammonia nitrogen removal is break-
point chlorination. Addition of hypochlorous acid 
in 1:1 molar ratio results in the formation of 
monochloramin: (Equation I): 

(i) HOCI + NH).- NH2 Ci + H.,O 

Further addition of hypochlorous acid results in 
the formation of dichloramine (Equation 2):thOther 
(2) HOC] + NH:CI - NHCI, + HO 

Breakpoint chlorination occurs at the approximate 
molar ration of two moles of chlorine to one mole 
of ammonia (7.6 mg CI to I mg ammonium-N) 
and results in the near-quantitative conversion 
of ammonia to molecular nitrogen according to 
the simplified reaction (Equation 3): 

t3) 2NHCI, + H:O-- N, + HOCI 
+ 3H- + 30-

As chlorination of the setsage effluent is commonly 
practiced for disinfection purposes, chlorination 
it) thi%"'brcakpoint" cun accomplih the removal 

of ammonium nitrogen in the same process. The 
removal of ammonium nitrogen also lowers the 
BOD of the effluent, since the nitrification process 
would consume oxygen dissolved in the receiving 
water. 

Biologic:l processes for removal of nitrogen 
and. to a lesser degree, phosphorus have been 
proposed and some of these are gaining accept-
ance. If the primary concern about ammonium 
nitrogen is its BOD. this problem can be solved 
by in-plant nitrification. V'.orous and prolonged 
aeration is necessai :-.:onvert ammonium ni-
trogen to nitrate by biological nitrification. After 
conversion to nitrate, it is also possible to remove 
most of the nitrogen from effluent by denitrifi-
cation. To achieve this result, aeration is dis-
continued and organic matter added. The an-
aerobic oxidation of organic matter converts the 
nitrate to gaseous denitrification products (see 
Chapter II). Methanol has been used as an ad-
ditional carbon soutce. but cost considerations 
favor the use of the dissolved carbon substrates 
of the raw sewage itself to drive the denitrification 
process. This usage can be accomplished by in
terrnittent aeration or by an admixture of raw 
sewage to extensively aerated and thus nitrified 
sewage. Bacterial uptake and storage of phos-

phorus in the form of polyphosphates may be 
encouraged by treatment process modifications,schemes involve the uptake of nitrogen 
and phosphorus into algal biomass in shallow 
holding ponds. Problems with harvesting and uti-
lizing the algal biomass in animal feed, fcr ex-
ample, need to be solved before this approach 
can be practiced on a large scale. Higher aquatic
plants, such as water hyacinths and cattails. also 
have potential for the removal of nitrogen and 
phosphorus from sewage effluents and might prove 
to be easier to harvest if appropriate uses for 
such biomass could be found. One should be 
aware. howeve..of the practical difficulty of de-
voting large land areas to such operations near 
urban centers. 

A highly advanced tertiary treatment system 
i currently operating ir South Tahoe. California 
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and the description or this system (Figure 12.21) 
serves well to il!ustrate the integration of various 
previously mentioned approaches (Slechta and 
Culp. 19671. This advanced treatmen, system be
came necessary to prevent the europhic dete
rioration of scenic Lake Tahoe, an ligotrophic 
crater k51:e. After convent;onal primary and sec
onday treatments, phosphate is precipitated by 
liming and ammonia is removed by stripping the 
high pH effluent. This step is accomplished in a 
tripping tower t elevated temperature and with 

vigorous aeration. After ammonia stripping, the 
pH is adjusted to neutrality. Following additional 
settling and clarification. aided by polyelectroyac 
addition. nonbiodegradable organics are removed 
by filtraion through activated carbon. The effluent 
is lisinfected by chlorination. The lime sludge 
from the phosphate precipitation step is recycled 
by conversion to CaO in a recalcinating furnac-. 
The quality of the treated effluent is very high 
(Table 12.5). 

Disinfection 
The final step in sewage treatment is disinfection. 
designed to kill enteropathogenic bacteria or vi

ruses that were not eliminated during the previous 
steps of sewage treatment. Disinfection is cornmonly accomplished by chlorination, using either 
chlorine gas (Cl2 ) or hypochlorite (Ca[OCIJ or 
NaOCI). Chlorine gas reacts with water to yield 
hypochlorous and hydrochloric acids (Equation 
4): 

(0 
(4) Cl: + HO-, HOC! + HCI 
Hypochlorite also reacts with water to form hy
pochlorous acid (Equation 5): 

(5) Ca(OCI)z + 2H,O -. 2HOCI + Ca(OH)2 

or (Equation 6) 

(6) NaOCI + H.O - HOCI + NaOH. 
The hypochlorous acid or the hyiochlorite (CIO-) 
ion is the actual disinfectant. The total concen. 
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of hypochlorous acid and hypochlorite is sulfur compounds. The oxidation of such com-

,.,ted as free residual chlorine. H.pochlorite pounds competes for HOCI and reduces its dis-

trong oxidant and this is the basis of its infectant action, making it necessary t:)chlorinate 
, 7erial an oxidant, it also reactsaction. As to a point that these'reactions are satisfied with 
rcsidual dissolved or suspended organic several mg/L excess free residual chlorine re-
r. ammonia. reduced iron. mantnes and maining in solution. This process requires high 

UZ.5 
of purified re-9i 

rlained %%ateralt- trnnn 
fr eanirt at SIuth Tahve,-
CA Parameter 

B."
 

COD 
T.-"otal
organic carbon 
Phosphate 


nitrogen 

Ammonia 
Nitrate and nitrite 

After Mitchell. 1974. 

amounts of hypochlorite. resulting in high salt 
concentrations in the effluent. Therefore. it is 
desirable to remove nitrogen and other contain-
inants by alternate means and use chlorination 
for disinfection only. 

A disadvantage of disinfection by chlorination 
is that more resistant types of organic molecules, 
including some lipids and hydrccarbons. are not 
oxidized completc!y but become, instead. partiay 
chloinated. Chlorinated hydrocarbons tend to 
be toxic and are difficult to mrineralize (see Chapter 
13). Since alternative means of disinfection are 
more expensive, chlorination remains the principal 
means of sewage disinfection. 

Treatrneni and Safen of 
Water SuppUes . 

Closely related to the safe disposal of liquid wastes 
is the problem of safe and healthful water for 
drinking and other uses. Increasing population 
densities and urbanization during the eighteenth 

and nineteenth centuries were initially not ac-
companied by adequate sanitation practices. This 
situation created conditions for devastating ep-
idemics caused by enleropathogenic microor-
ganisms such as Vibrio cholerae tchalera). Sal-
moelia tvphi (typhoid fever), various other 
Salmonella and Shtella strains (causing gas-
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trointestinal infections of varying severity), and 
Entamoeba histolyfica. the causative agent of 
amoebic dysentery. The commcn feature of these 
diseases is that the infectious organisms are shed 
in the feces of sick individuals and clinically 
asymptomatic carriers. Fecal contamination. 
through untreated or inadequately treated sewage 
effluents entering lakes, rivers, or groundwaters 
that in turn serve as municipal water rupplies. 
creates condit~ons for rapid dissemination of the. 
pathogens. The primary route of infection is 
ingestion with drinking water, but additional in
fection possibilities arise by washing fruits. veg

etables. and eating utensils with contaminatedwater. The obvious remedy to thts situation is 
to disrupt 'he transmission of eneropathogenic 
organisms through fecal contamination of water 
supplies. This is done to a certain degree during 

treatment, but the adequate treatment of 
all sewage discharges is by no means assured. 
A major sanitation effort. therefore, is necessarv 
to treat and safely distribute public %ater supplies. 
Such sanitation practices have led to the virtual 

elimination of waterborne infections in developed 
countries, but such infections continue to be major 
causes of sickness and death in undeveloped re
gions (Sobsey and Olson. 1983). 

Public water supplies originate from ground
water through wells or from surf.ce wters such 
as rivers, lakes, or reservoirs. In the case of 
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ater. disinfection i often all that is re-
urface watcrs and some groundaters 

he tre;ted L.y settling and filtration. Dis-
crrous iron and divalent manganese areI prior to settling by addition of perman-
Filtration is carried out through gravel
sand beds. Microbial films on the surface 
,-iparticles enhance the effectiveness of 
tion. The filter beds have to be back-
frequently to prevent clogging, 

infection of municipal water supplies has 
ditionally accomplished by chlorim tiun. 
itbed for the disinfection of sewage dis-
(Equations 4-6). This treatment is rel-

inexpensive and the free residual chlorine 
of the treated water represents a built-

factor against pathogens surviving the 
treatment period or against recontami-
The disadvantage of chlorination is the 

compounds. The factsof trihalot ethane 
in virtually all municipal water supplies 

chlorination for disinfection linked the n of these contaminants to the chlori-
process. Since some of the THIs are 
ed carcinogens, the U. S. Eivironmental 
ion Agency established in 1979 a maximal 
,mit in drinking water of 100 ,tg/L. To 
thin this limit using traditional chlorine 
tion. organic compounds were removed 
icwater meticulously by sand filtration 
cr techniques. This method is often both 

'ical and too expensive. Fortunately. it 
md that disinfection by monochloramine 
live but produces much lower amounts 
.
As an example, traditional chlorination
RRiver water produced 160 ug THNI/L 

hloramine treatment produced THM levels 
"ntlh
below 20 ,ug/L.Monochloramine may 
rated right in the water to be dis;nfectd 

;tg ammonium prior to or simultaneously 

lIonc or hypochlorite. Once hypochlorous 

formed according to equations 4-6. it 

,ith the added ammoni. according to 


it I. generating monochloramine. The use 


of chloramines as drinking water disinfectants is 

the least expensive way to reduce THMNIformalion 

and this practice is spreading rapidly (Wolfe 
et 

al.. 	 1984).

Ozone (0,) has been used for water disin-

fection with good results both in Europe and in 

the United States. Ozone treatment kills pathogens 
reliably and does not result in the synthesis of 
undesirable THM contaminants. Since ozone is 
an 	 unstable gas. however. water treated with" 
izone does not have any residual antimicrobial 
;ctivity and i%prone to chance recontamination ,.
Ozone has to be generated from air on site in 
ozone reactors, using electrical corona discharge.
Since only about 10 percent of the electricity is
actually generating ozone and the rest is lost as 

heat, disinfection by ozone is considerably more 

expensive than by chlorination (Mitchell. 1974). 


Water (ualit, Testing 

The public health importance of clean drinking 
water requires an objective test methodology toevaluate the effectivenes of trcatment procedures 
and to establish drinking water safety standards 
(Bonde. 1977; Hoade.y nd Putka. 1977). The
detection of actual eneropathogens. such as Sal-
monel/a or Shigella. in routine monitoring studies 
would be a difficult and uncertain undertaking.
Instead. the bacteriological tests of drinking water 
simply establish the fact and the degree cf fccal 
contamination of the water sample by demon-
strating the presence of so-called indicator or-
ganisms. The most frequently used indic a:ror-
ganism for fecal contamination is the normally 
nonpathogcnic Escherchia coli, Positive tests forE. coli do not Prove the presence of entero-
pathogeni: orranisms, but establish the possibility 
of such a presence. Because E. coli is numerous 
and easier to grow than the enteropathogens, the 
test has a built-in safety factor fo detecting po-
tentially 	dangerous fecal contamination, 

Ideally an indicator organism should be pres-
ent whenever the patL-'gens concerned are pres-
ent. should be present only when there is a real 

danger of pathogens being present, must occur 
a Safety margin, must survive in the environment 
as long as the potential pathogens. and must be 
easy to detect tl a high relability of correctly 

.	 identifying the indicator organism regardless of 
what other organisms are present in the sample.
E. co/t meets many of these criteria but there 
are limitations to its use as an indicator organism 
and various other species have been proposed 
as additional or replacement indicators of s,.ter 
safety. There probably is no univeral indicator 

Ther e r mining wa er al nd rditferent conditions different populations may beorganism for determining water quality. Under 
bctter indicators than others (Wolf 972).

The classic test for the detection of fecal
contamination involves, in the first step. inoc-
ulation of lactose broth with undiluted or appro-
priately diluted wate," samples. Gas formation 
detected in small invct-ted test tubes (Durham 

contamination by fecal coliforms; this is the pre-
sumptive test. Gas formation in lactose broth at 

tubes) gives positive presumptive evidence 

elevated incubation temperature is a characteristicof fecal Salmonella. Shgella. and E. coli strains, 
but also of the nonfecai coliform Enterobacter 
aerogenes. In this second stage, the confirmed 
test. positive lactose broth cultures are streaked 
out on a lactose-peptone agar medium containing
sodium sulfite and basic fuchsin (m -Endo agar).
Fecal coliform colonies on this medium acquire 
a characteristically greenish metallic sheen while 
Emerobacter forms reddish colonies, and non
lactose fermenters form colorless colonies. Sub
culture in lactose broth at 35C should yield gas
formation and completes a positive test for fecal 
coliforms; this is the completed test.

It is possible to simplify this three-stage test. 
In the Eijkman test, suitable dilutions are in-
cubated in lac'ose broth at 44.5*C. At this tem-
perature fecal colifo'ms still grow, but nonfecal 
coliforms are inhibited. Gas formation in lactose 
broth at 44.5©C constitutes a one-step positive 
test. but precise temperature control is mandatory. 
since temperatures only i few degrees higher 
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inhibit or ko:ffecal coliforms.Another modern
technique is 'tmrl n of known volumes of l oue6 
size milliporewters and incbatg thse filtersdirectly on Endo medium. Colonies of fecal coli
forms show up with a characteristic metallic sheen 

and can be coiled (Figure 12.22). The dried 
Te andards for toleraem forfc 
con ta nati o T oler2be om to re a 
tamint ae 2ar e soewat ai 

trary. but have large built-;n safety factors and 

TABLE1.6 

r
V-1. stater siltaidida fo ctroom r ,ntantnattcfl 

Maximum permissible 
colform cour per

Water use 100 mL 
Municipal drinking water 
Waters used or shelllishing 
Recreational , ter1 

ea la0 
After Mitchell. 1974. 
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ic'ai Aspects oi Blodeterioratlon Control: Soil. Waste. and Water Mtanagementby long experience: the\-vary ,jibh concentrations that prevail in natural waters and:er use. The most stnngent standard t so 
municipal water supplies used by 
Somekhat higher-coliform countsill)b, tlerated in a private uellmnefamily, since such a well could 
,ource of a widespread epidemic.
aler standard does not absolutely

,ssibility of ingesting enteropath,
nking water, but seems to reduce 

to a statistically tolerable limit.
Icty factors are twofold. Entero-
likely to be prcsent in much lower 
fecal coliforms and in additioi. a
infective bacteria are usually unable 
,dydefenses. A minimum infectious 
cral hundred to several thousand 
ecessary for various diseases to 
ti.al infection. Drinking water sup-the I/10 mL coliform standard 

:n demonstrated to be the sourcebacterial infections (Olson and 

orm countsiy of water for shellfish harvestingare also used to es- is the consumption of raw shellfish from fecallywaters. Spread of polio.aroshllihh~.stngruws infection 

end to be eliminated by competition and pre-
dation. Low water temperatures, sediment ad-
sorption, and anoxic conditions are factors thatoccasionally contribute to the prolonged survivalof fecal coliforms in natural waters.

Enteroviruses and the cysts of some patho-
genic protozoa are somewhat more resistant todisinfection by chlorine. '.hloramine. or ozonethan bacteri? and, occasionally, active virus par-ticles or live cysts are recovered from watertreated to meet fecal coliform standards (Sobsey
and Olson, 1983; Olson and Nagy. 1984). Thus.'the possibility exists that water treated accordingto accepted standards may occasionally become 
a source of viral or protozoan infection. As manyas 100 different" viral types have been demon-stratel to be shed in human feces, but practical
concern has been mainly with the causative virusesof infectious hepatitis, polio, and viral gastroen-

teritis. There is evidence that infectious hepatitiswas. on occasion. spiead by water supplies.
though a much more prevalent way of infectioncontaminated 

Iuses. Shellfish'lend to conccntrate:her paricles through their filter-
Some shellfish are consumed 

.n become a source of infection 
pathogens. This is reflected by 

!tinge n t s tand a rd for waters in use
Clinical evidence for infection 

':cnic coliforms through rccrea-

,ers. for wading or s%immiig is
tit. as a precaution. beaches are 
lien fecal colhfonT counts exceed 
.tandard of 1.000/ 1010mL. Some 

,require that disinfected sewagec-\ceed the above limit. 

I n o npathogcnicand p at h o g enic 
in natural waters was discussedntCxt ofallochthonous organisms

interaclions. In cncral. fecal 

tlillpetiit'j%at tile Ins%%ttl'strale( 'I 

through water supp:ies and/or recreational use
of beaches has been suspected in some cases.but conclusive proof is lacking (Shuval and Katz-nelson. 1972: Vaughan ci al., 1979). The situationwith viral gastroenteritis is similar. It seems fair 
to say that while thepo s sibility of theo cca s ion a l
spread of siral infection through drinking water
adequately treated by bacteriological standardscannot be e\cludcd, there is no supporting cvi-dence for actual epidemics caused by such water. 
Similarly. it is unclear whether properly disin-fected water has ever spread protozoan pathogens 
such as the flagellate Giardia Iamlulin or theamoeba vegleria foirleri (Sobsey and Olson. 
19 83 ) . T here is amp le evide n ce, o f c ou rse, for 
destructive epidemics by enteroviruses and pro-tozoa caued by untreated drinking water in var-ious tnderdeveloped countries. 

1lie*coniti c tleerttintyvatotit tIle It-t,'-

ards posed by enteroiruses in water supplies

and recreational waters is due 
 to the difficulty 

of detecting and enumerating viruses
waters. in suchFor detection. viruses have to be grownby suitable tissue culture cell lines and/or detected tr
by immunological procedures. Virus concentra

tions are generally 
 low. 0.1-I particle per mL
treated sewage effluent and 
as low as 0.1-I per
L in receiving natural waters. Therefore, the first
problem is to concentrate the viruses sufficiently
for detection and enumeration. Table 12.7 listsand colares some of these methods,

Te oldest procedureis the gauze pad method,Gauze pads are su-pended in water for about 24hours. They concentrate viruses by absorption,Water expressed from the retrieved gauze padcontains higher numbers of viruses than directly
collected water samples. Sample incorporationrelies on concentrated media that allow the in-

T 1Z.7 

A c 

Trvatlrnent and Sal'etvof 11ater Suplies 3,9 

troduction of relatively large (10-50 mL volume) 
water samples. 

Utracentrifugation concentratessedimentation viruses byIt requires expensive instrumenation and is time-consuming. Filters do not actually filter out viruses bu retain thema by adsorption. Subsequently viruses are eited fromthe filter. t the filter is dissolved. Hydroextractioeis aLtually a dialysi. process. Wateris extracted through tge dialysis tubing by concentrated polyethylene glycol. Virus Particles remain with other arge molecules in the tubgand are concentrated. Phase separation involvespartitioning betwen two liquid phases. Etectro
phoresis takes advantage of the negative chargeon virus panicles. Adsorption to and elution fromvarious pariculate materials h.s also been used
with varying success.Considerable research effort is currentl di

zpahl7ai 
u'iJit nwlrvlte rou~ S m lPfordetecting l-Sru 

Sample reIn wae Percent,'fonctorto Mrecy
volume. Concentration------ recovery 
Gauze pad method ? 10-50 o..s_
Sample incorporation method 0.0(.0.15 10-20U..racentriful.ation 95

-10 30-? 9.0-l1lembrane fitter adscrption 10-00 1000S lbe fi r 5-3ltes 10 o 3 
-
Soluble utrafilters I M 14-14Hdro etraction t leo 3-1Phase separation (two steps) IM
Electrophoresis 5 35-t00 

0.3 100
Ad0rption to particulate materials: 

100 

Calcium phosphate m.0C alc ho ride 1(riasI.0 10 0
 
Aluminum hydroxide 3.8-19 1000In h dr sins 10. leo0 50-1000- 1 0 

I exchangevn resins. Passive haemaggluinatio 0.1
?10 50-10 
 20-.50nottihie Ptt 'electrolyes 

After Shtital and Katineton. 1972. 
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ating the duration and mechanisms 
survival in natural waters. Gen-
difficult at this time. but it appears 
-.es are eliminaeld from natural 
lowly than fecal coliforms. Ad-

dliment particles appears to offer 
iotection against inactivation and. 
cumstances. may promote the dis-
'iruses (Smith et al.. 1978). Chang-
Snial conditions, such as pH and 
cause the desorption of the still 
particles. Recent surveys sporad-
-d human enteroviruses In both 
,|saltwater environments but the 
:Croviruses showed little correlation 
er of fecal coliforms. Whether this 
rcntial survival or to nonidentical 
sources is not clear at this time. 
cultivation, and enumeration from 
clearly needs further scientific 

e standards and routine monitoring 
bc established. 
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Summna. 
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Practical applications of microbial ecology are 
evident in the practice ofbiodeterioration control. 
and soil -ater. and waste management. Spoilage 
of food and perishable materials is prevented by 
sterilization and aseptic containment. Alterna-
lively, unfavorable physicochemical conditions 
are used to retard biodeterioration. Agricultural
soils are managed to encourage aerobic and dis-
courage anaerobic cycling processes. In addition. 
fertilizer technology and soil pH control take into 
account and often utilize microbial cycling ac-
tivities. The compostng of solid waste and the 
biological treatment of sewage are complex mi-
crobial processes that recycle and/or stabilize 
organic wastes and protect the environment. Dis-
infective treatment of municipal water supplies 
guards against :he spread of water-borne epi-
demics. The effectiveness of such disinfective 
treatment is monitored through counts of indicator 
organisms. 
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Microorganisms and
 
e Novel P o ll u i 

Problem s 

During the second half of the twentieth century,
pollution problems have become more acute than 
ever before. Pollution and its control have ceased 
to be the narrow concerns of only sanitary en-
gineers; they have become slogans for mass 
movements and the focal topic of noisy scientific, 
public, and legislative debates. The current en,-
vironmental predicament of our planet has two 
recognizable components: conventional pollution
that now occurs on a vastly increased scale and 
novel pollution problems that were largely un-
known before the Second World War. The pop.
ulation explosion. combined with an international 
trend towards urbanization, has increased the 
intensity of conventional pollution to a level where 
the old sanitation principle "the solution io pal-
lution is dilution- is clearly an inadequate ap-
proach. To stave off unacceptab'e deterioration 
of the environmetit. industrialized societies are 
being forced to pay heavily for the abatement of 
sewage, solid waste, and air pollution. The sci-
entific background of these conventional pollution
problems is well understood and effee'tive control 
is largely aque.tion of technology and finances, 
In contrast, many of the novel pollution problems, 
caued by chemicals to which the environment 

had not been exposed previously, have caught
scientists and laymen alike off guard. Of necessity.
regulatory decisions of far-reaching economic and 
environmental consequences are being made on 
the basis of scant or contested evidence. 

The majority of the novel pollution phenom
ena involve man-made organic chemicals, such 
as rsticides. plastics, and other synthetics that 
persist, degrade too slowly, or are converted to 
even less desirable residues. Acid mine drainage. 
oil, and heavy rictal pollution do not involve 
synthetics, but human activities are responsible 
for introducing these materials at problem leveis 
into the ecosphere. The principles that govern
the distribution and fate of these chemical pol
lutants in the ecosphere show similarities re
gardless of their origin. Quite often, novel pollution
problems have global as well as local implications.
whereas the impact of conventional pollution is 
typically felt only within definable geographic 
boundaries, such as within a watershed. 

In response to some of the above-mentioned 
novel pollution phenomena, efforts are being made 
to develop genetically engineered microorganisms 
that will aid in the abatement of these problems. 
The use of recombinant DNA technology is being 
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I;,ble microbial evolution to keep 
advances of s.nthetic organic 

his approach to environmental 
, o n potential problems, however, 
uses are being extensively debated 
al.. 1985). 

;and Biomuagnification 
tic Molecules 

tile environmental conditions, all 
ic compounds are degrade&. While 
, never been put to a rigorous and 
%t.it appears self-evident from the 
Jo not observe a iarge-scale accu-
'iy natural organic substance. If any 
-•ound produced in the ecosphere 
itly resistant to recycling, huge de-
material would have accumulated 

,ic geological ages. This is clearly 
substantial organic deposits, such 
*accumulate only under conditions 
rse to biodt-gradation. 

•r (1965) formalized this general un-
I, the "principle of microbial infal-

,-,,ing the empirical observ:ttion that 
c:,nic compound is totally resistant 
.tion provided that environmental 
v favorable. This fact should hardly 
. The evolution of various biopoly-

nw;nd gridual. allowing time for a 
,lion of microbial catabolism appro-
c'ry nessly available substrate. The 
this evolution was measured in bit-
- In contrast. Jhe explosive devel-

thctic organic chemistry during the 
, has led to the large-scale production 
-sing variety of synthetic organic 
htat. either by design or by accident. 
ound up in the environment. Once 
t.,te varied. Most of the synthetic 
-.id natural cotuntcrparts or %scresuf-
.ir to naturally occurring compounds 
t to microbial metabolism tDaguly. 

19751. Others were xenobiotic. that is foreign to 
biological systems, and had molecular structures 
and chemical bond sequences not recognized by 
existing degradative enzymes. They were resistant 
or were metabolized incompletely with the result 
that some rman-made organic ccmpounds accu
mulated in the environment. Human ingenuity 
outpaced microbial evolution, and the fallibility 
of the presumed "biological incinerators" was 
exposed. 

One can visualize numerous reasons why a 
xenobiotic organic compound should prove re
calcitrant (totally resistant) to biodegradation 
(Alexander. 1981). Unusual substitutions, such 
as with chlorine and other halogens, unusual bonds 
or bond sequences, such as tertiary and quaternary 
carbon atoms, highly condensed aromatic rings, 
excessive molecular size (in the case of poly-
ethylene and other plastics, are some of the 
more common reasons for recalcitrance. Other 
more subtle reasons may be the failure of the 
compound to induce the synthesis of degrading 
enzymes, even though it may be susceptible to 
their action, a failuic of the compound to enter 
the microbial cell for lack of suitable permeases.unavailability of the compound due to insolubility 

or adsorption phenomena, an excessive toxicity 
of the parent compound or its metabolic products. 
On occasion, microbial transformations are syn-
thetic rather than degradative and result in residues 
that are more stable than the pareat compound.

Unfortunately. the term degradation has been 
used to describe transformations of every type, 
including those that yield products more complex 
than the starting material, as well as those re-
sponsible for the complete oxidation of organic 
compounds to CO. H:O. NO,-. and other in-
oreanic comr;.incnts. This ambiguous terminolocy 
has proven confusing to legislators and interested 
laypeople alike, who, for ex;,mple. would hear 
one expert testify that the insecticide DDT is 
degradable, since it is converted in part to DDD. 
DDE. and other closely related compound%. 
(Figure 13.1) (Wedcneyer, 19561. Another ciperl 
would inist that DDT is persistent. bec utsc the 
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Transformntio of the tnecddrde Drr bI rntcrobote- arog-a. AS -mosf'orn-

Ilons are restricted to the -CCI, mole..nsrobfr condtions frm- d8ecdrination
 steps. The furnsproducl DBP Is still r;"!eru-ant and biologcal" athv. R representsa p-chlorophtne moiew'. Abbrvtatlons: DT - 1.,;.rui-tJoo-2.2-bLsfjp.-hlorophleni)
 
ethane, DDE ="1.1-dctidoro.-7.2.-btst chlorophrnd) tthte,,. DOD n 1.t-dichlo'oZ2.2-ts(p-h:orophn,%1 ethae. DD.MU -1-hloro-2.2-bs(p-cthlropeTlI) eth iene,Dte rpS It'.oro-2.bs(p-hknopheni) ethane. DDNU - un'm-bts(p-4chtorzph-nsl)
 
rtdne. DtjX)I 0 2.2-t1h(p.bioruhiil) ethanol. ODA - a.2-hi ht(p-dotophr:1)
 
taie, taP - 4.4"-diclorobenzophenone. (Baett on Wedeant.er, Il76; reprinted tn per
mission; Lmercran Sodt,.. for ilicrobloiojp..)
 

basic carbon skeleton remains unaltered. To pre- to distribute chemicals globally from point sources 
elude misunderstanding, the term mineraliz.'ion (Hanson. 1967). The experience %%ith chlorinated 
has been proposed .-or describing the ultimatt. hydrocarbon insecticides has been similar: thcv 
recycling of an organic molecule to its mineral have been detected in remote and even Arctic 
constituents (ultimate biodegradation) and is used regions. thousands of miles removed from the 
here in this sense.- nearest possible application site (Cade cl al.. 19711. 

What happens if a persistent organic com- It is important, therefore. to keep in mind that 
pound is introduced into the ecosphcre? Particle it is insufficient to assess the effect ota persistent
size and solubility characteristics, among other organic chemical on the environment to -shich 
factors, will influ-r-ce its mode and rate of travel, it is directly applied It may be distributed and 
but chances are good that it will be'ilistributed it may elicit unexpccted detrimental effects in a 
to places far removed from its original application more fragile ecosystem far removed from the 
site. The fallout from atmospheric nuclear tests .riginal application site. 
has dramatized the capacity of atmospheric forces The production and release of persistent or
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hctnic;;ls into the environment hae a rel- magnitudc. The same thing occurs at the suc-

short history. Their distribution. hosever. ccssivcly higher trophic levels. The top Irophtc 

,pread INational Research Council. 1972: level, composed of birds of prey. mammalian 


and Burns. 1975). Distribution tends to carnivores, and large predatory fish. may carry 
,'rgano-chlorines in environments that were a body burden of the environmental pollutant 
,directly exposed often are present in the that exceeds the environmental concentration by 
Its per billion (ppb) range. Why should a factor of 106O. . 
,w cnncentrations still cause concern? They At such levels, if the pollutant is a biologically 
,ecause of a phenomenon called "biological active substance, such as a pesticide, it may cause 
ication.'" or "biomagnification'" for short. death or serious debilitation of the affected or-
,ubject to this phenomenon. i.he pollutant ganism. DDT and other chlorinated hydrocarbons 
be both persistent and lipophilic lGosset were implicated in the death or reproductive fail-

1983). Because of their lipophilic character, ure of various birds of prey (Cade et al.. 1971). 
tote dissolved amounts are partitioned from In the case of local application even a relatively 
rounding water into the lipids of both pro- short food chain such as the sprayed vegetation 

tic and eukaryotic microorganisms (Figure --+ earthworm - robin can be destructive to the 
Concenarations in their cells as compared bird. We humans derive our food from various 
surrounding medium .nay increase by one trophic levels and are in a less exposed position 

.-e orders of magnitude. The microorganisms thaa a top level carnivore. Nevertheless. at the 
,.-'ested by the members of the next higher time of unrestricted DD-r use. the average Amer-
ic level. Only 10-15 pecent of the biomass ican. with no occur,-.ia'.:! exposure, carried a 
i.ferred to the h;;her tr,ohic level, the rest body burden of 4-6 ppm DDT and its derivatives, 
.ipatcd in rcsp..ation. The persistent lipo- Although this amount was not considered acutely 
pollutant, however, is neither degraded nor dangerous, the trend for an increasing contam-

ted to a significant extent and so is preserved inaticn of the higher trophic levels of the ecosphere 
itally without loss in the smaller biomass became sufficiently clear, and led to the ban on 
c second trophic level. Consequently. its the use of DDT in the United S'ates and most 
•ntration increases by almost an order of other developed countries for all but emergency

situations. 

i:13.2 Recalctrant Halocarbons 
1:13.2 Minute Po~csmtl~at ,cancerRaclr• 

.: efteation.f DD. mitnute onrentratios dt - Numerous xenobiotic pollutants. such as DDT. 
oarT matv bmiphyickal partitioning Into plank. 

,,rther conenuration or the poUutant takes Place are halocarbons which have proven recalcitrant 
:h.the shrtnkage olblormas, benten iu¢eeve to microbial attack. The carbon-halogen bond is,*"Irr"etsI.DOT elon-,nt~r'atton'S re Idealized and. 
.%pca.D the do nce naioseP actia anavdci a highly stable one. Cleavage of ;,his bond is rot 

•exothermic. but rather, requires a substantial en-

ergy input: it is an endothermic reaction. As a
Lage 30 nor consequence. halocarbons are chemically and 
Smalt t.Sh0 3 vo biologically stable. Stability is desirable in pes-

;/akto, ticides, but the same property causes persistence 

_""and' . is undesirable as an environmental contam-
A.. tc inant. There are only limited photochemicil and 
0.3 va biochemical mechanisms in the biosphrre for their 

_ _-_detoxification and recycling. Furthermore. the 
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energetics of their degradation arc such that there nated but unsaturated tetrachloroethylene 
is latle prospect for microorganisms ever to evolve (CI:C = CC.) was subject to step'.vise dechlori
a capability for utilization of extensively halo- nation and partial conversion to CO. by a meth
genated carbon compounds as growth substrates. anogenic bacterial consortium growing on acetate 

Important groups of halocarbons include in an anaerobic reactor (Vogel and McCarty. 
halocarbon propellants. solveni and refrigerants. 1985). Dehalogenation of organic compounds is 
certain organochlorine insecticides. pol.chlori- thermodynamically favored under anaerobic 
nated or polybrominated biphenyls and triphenyls. conditions. Aerobically. Fogel et at.. (1986) dem
chlorodibenzodioxins and chlorodibenzofurans. onstrated extensive degradation of trichloro

ethylene (TCE) and other halogenated C. 
HalocarbonPropellants and Solvents Halo- compounds by a methane utilizing microbial con

carbon propellants and solvents are C,-C. alkanes sortium. It was proposed that the loI specificity 
in which all or nearly all hydrogen atoms are of methane monooxygenase allows the conversion 
replaced by fluorine-chlorine combinations. They of TCE to TCE epoxide which subsequently 
serve as solvents and aerosol propellants in s.pray spontaneously hydrolyzes to products utilizable 
cans for such things as cosmetics, paint, and by microorganisms. Methylococcus capsidatus 
insecticides, and as the working fluid in the con- was reported to convert chloro- and bromome
densor units of air conditioners and refrigerators. thane to form aldehyde dichloromethane to CO 
Most commonly used are CCI3F and CCIF 2 and trichlorometha,- to CO2 while growing 
freon&-. designated by the codes F-Il and F-12. methane (Dalton and Stirling. 1982). Thus. meth
respectively. Spilled halocarbon propellants and anotrophic bacteria show some promise for bio
solvents have caused serious groundwater con- remediation of halocarbon-polluted aquifers. 
tarnination problems. Being inert and quite vol
atile. some of these components upon release Pesticides Mirex (C1 C.1.) and Kepone 
rise to the stratosphere and by photochemical (CoCIloO) are very extensively chlorinated in
interaction are believed to deplete the protective secticidal compounds (Figure 13.3). Mirex has 
ozone layer of the earth (Moli- and Rowland. been used in tl.t, United States in the fire ant 
1974; National Research Council. 1976). A partial
destruclion of the ozone layer would result -in 
increased UV radiation on the surface of the nctw 13.3 

earth, causing an increased incidence of skin Smuruwnl f,,nnular o the tnsectcdes :Nrvx aid Ke
and mutagenesis. While the rate and extent pe..enxahreie c inattoneders them. conyatada

of ozone layer destruction by halocarbons is a resmant to btodegrdaion."iteneli 

matter of controversy, legislation in the United ,0 
States has been enacted to phase out halocarbons L.,.-Ci
 
as aerosol propellants. At this time. there is no 0 
 -suitable substitute for halocarbons as refrigerants ci. c , 

and iheir use as coolants will continue regardless 3

of their recalcitrance.
 

The less extensively halogenated C, - C. al
kanes are subject to microbial utilization at slow C- Cl
 

rates. Dichloromethane %as shown to serve as ,C 

the only carbon source to a pseudomonad and c c 
dichloroethane served as substrate to microbial -A C 

consortia tStucki et al.. 1981). The fully chlori- C M,,poot 
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:ram. Kepone was manufactured 
.1export and as aprecursor for other 
.epone came to national attention in 

rtaleswhen it poisoned a substantial 
,orkers in the manufacturing plant. Virginia. The subsequent investi-
,led extensive environmental ron-
ound the plant. The Kepone incident 
the indefinite closing for fishing ofited section of the James River. No 
ineralization was demonstrated foricor Mirex. although both compounds
o'limited dcchlorination by anaerobic 
.usortia (Orndorff and Colwell. 198U)
:radation tNatioral Research Council, 

less extensively chlorinated pes-
1s subject to some biochemical trans-
,oth in vitro and in the en,:.onment. 
c carbon skeleton persists in nature 
ely long periods. Pfaender and Alex-
i succeeded in demonstrAting the in 
dization of DDT ring-carbon by se-
•ing cell-free extracts of a hydrogen-
,:tcrium. whole cells of Arthrobacger. 
co-substrates, and a regimen of al-
nacrobic and aerobic conditions, 
,s, they came to the conclusion that 
DDT mineralization in the environ-

tiot occur or does so at exceedingly
)ther than the unfavorable energetics
horination steps, no satisfactory ex-
.td be found for this fact. 

..tied Biphen~ls (PCBs) 

ted biphcnvls (PCBs) are m;xtures 
S%%ith one to ten chlorine atoms per 
igure 13.4). They are oily fluids Aith 

points. great chemical resistance. 
,I conductivity. and hiTh light-breaking 
,uc of these properties, they have 

platicizCrs in polh sinyl pol.,mers. 
coo. nts in tinsforrners. and as heat 
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nh 13v.4donaec (P'a). The ,btphem b -
pounds are onh. two examples or 20 different doro-
substituton posIbtlltic. Resistance to biodegradation 
increases s1th the number of ch!t ' -n.bufru.ons, 

exchange fluids in general. Minor uses involve 
inks. paints. sealants, insula..ns. flame retardants,
and. as microbiologists should know, microscope
immersion oils. The chemical inertness of PCBs 
is paralleled by their great biological stability,
which increases with the degree of their chlo-
rination. 

The structure of PCBs is similar in some 
ways to that of DDT and so is their behavior in 
the environment in regard to persistence and po-
tcntial for biological magnification. Whereas most 
of the enumerated uses of PCBs would not seem 
to be conducive to 'idespread environmentalcontamination. the fact is that PCB rc,,iducs havebeen detected in a large percentage of random 

environmental samples and they accumulate in 
animals of higher trophic levels (Gustafson. 1970, 
National Research Council. 1979).

PCB concentrations over I ppm have been 
dctected in one-third of the sampled United.States 
population with no known occupational exposure.
In some frcs;,tatcr habitats older individuals of 
predatory fish, such as trout and salmon. ac-

cumulate 20-30 ppm of PCBs and predatory as 
well as fish-eating birds were found to contain. 
on occasion, several hundred ppm of PCBs. In 
1968. PCB-contaminated cooking oil, caused by 
a leaky heat exchanger, poisoned nearly 1000people ir. Japan; the main symptoms were liver 
damage and a severe skin condition called chlor-
acne. In this case. the victims had consumed 
several gram: of the substance (Fujiwara, 1975).PCB-intakes from general environmental 
contamination are not known to harm humans or most other mammals, but along with chlorinated 
hydrocarbon insecticides, PCBs were implicated
in egg-shell thinning and reproductive failure of 
some predatory and fish-eating birds. Reproduc-
tive failure in cutured mink was caused by the 
approximately 5 ppm PCB content of their fish-based feed and som! species of fish, shrimp, and 
algae were Wdected by PCB concentrations in 
the low ppb range. Besides their acute effects,
PCBs. and some other chlorinated hydrocarbons
including DDT. are under suspicion of being po-
tcntial human carcinogens, although this point is 
still controversial, 

The assessment of environmental contami-
nation by PCBs is stili rudimentary. The various 
degrees of chlorination and the high number of 
isomers renders the positive identification and 
quantitative measurement of PCBs a difficult an
alytical task and. in the past, PCB residues were 
frequently confused with those of chlorinated 
hydrocarbon insecticides. It is possible that pho-
tochemical conversion of DDT to PCBs contrib-
utes to the widespread occurrence of these en-
vironmental contaminants (Maugh. 1973).Biphenyl is able to serve .sme microorga-nisms as their only source of carbon and energy. 

and mono-, di-, tri-. andtetrachlorobiphcnyls ar: 
to some degree, subject to biodegradation as evi-
dcnced by formation of hydroxylated metabolites 
(Ahmed and Focht, 1973: Massd et al.. 1984;
Safe. 1984). In the more extensively chlo[inated
biphenyls. the substiuents prevent ring hydrox
ylation and these highly chlonnated analogs cause 
the most concern with respect to pcrsistence and 

environmental cont2mination. Voluntary curbs 
by manufacturers coupled with government reg
ulations have removed PCBs from food-processing 
equipment and food-packaging material. Dispos
able items using PCBs as plasticizers have beenphased out in an effort to reduce the amount of 
contaminating PCBs and. as of 1978. the use and 
discharge of PCBs in the United States came 
under a complete government ban. Continuingsources of PCB pollution, however. are previously 
contaminated sediments, landfills, and olderelectric transformers. 

A frequent contaminant of PCBs and of the 
herbicide 2.4.5-T. to be discussed later in this 
chapter, are 2.3.7,8-tetrachlorodibenzodioxin
(TCDD), related chlorodiberzo-dioxins and 
chlorodiberizofurans (Figure 13.5). Some of thesecontaminants arise during manufacture, others 
are formed thraugh thermal degradation of the 
chlorophenols and chlorobiphenyls. TCDD and 
related compounds are characterized not only by
high recalcitrance. but also by an unusually high
degree of acute and chronic toxicity. Contami
nation as low as in the parts per billion (ppb) 
range is considered hazardous to human health. 
Human settlements that became contaminated 

n't'u 13.itoaettdormdtwnzofumn, rontaminants andA: Z,3,T,8-ihtrundoro.dncntzoaiotn 'o tiettalTCid)W, 3: the7ir 
de'gadation produq, or"IN.ns and certain phrnoita-k 
notr acid Iwrt~icids. The and related clinrodlwnx.
liiosttrs and rtiurtltenuvftzras are ztrrnxwt ldi'drant to bimiand t iatrgUbin .ngrinLotinn. 
an h,
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I'CDD and related substance, as occurred fatalities %erc attributed to thi%occurrence. lar'eBeach IUnited Statesi thrOUgh spreading"es numbers of people %%ere contaminated unih l'BISnuiminated 5'.a.te oil and in Soveso iltalsl through the dairy products before the cause could , d by the explosion of a chemical reactor. be traced and eliminated. While the ircident was'o the evacuation and indefinite closing of clearly a case of human error, it has served as 
,ffected areas (Tucker et at.. 19831. Recently. a forewarning of the long residence time and high 

ipit, et al. (1985) reported o\idalion of TCDD biomagnification potential of PBBs,.one other chlorinated h.drocarbon pollu- mental pollutants. as environ-
hy the lignin-degrading basidom'cee Pit-

/Ia'te chy n.sporittn The amounts of "CO. 
 Sntheti" Poh'n>ers
.d from the radiolabeled test substrates t 

,d only between 1-4 percent and.may not Synthc!ic polymers are easily molded into complex: been in excess of the radiochcmical im-ties of the test substances. Ther,:fore. shapes, have high chemical resistance, and arethe more or less elastic. Some can be formed into 

.gradabilily of TCDD continues to be fibers or thin transparent films. These propertieshltful, have made them popular in the manufacture ofPolybrominated biphenyls (PBBs). which are garments, durable and disposable goods, atdI as flame retardants. and polychlorinated packaging materials. Disposable goods and pack-henyls tPCTs). which have three attached aging material made out of various plastic ma-.vl rings and are employed as plasticizers terials have the largest enivronmental impact.ire 13.6). have pollution potentials similar Over 90 percent of the plastic material in municipal
'CBs. To date. they have been manufactured garbage consists of polyethylene. polyvinyl chlo-imuch smaller scale than PCBs. Their behavior ride and polystyrene, in roughly equal proportionsnvironmental contaminants received little at- (Figure 13.7).


ion until an unfortunate incident in 1976. when 
 Typically, these materials have molecularchemical plant that manufactured both PBB weights ranging from several thousands to 150.000ie retardants and cattle feed additives, large and appear to resist biodegradation indefinitely,
*iints of cattle feed were inadvertently mixed Older reports on plastic biodegradation involve,PJBBs and were fed to dairy cows on various on closer scrutiny, only the degradation of the.i, in Michigan. The incident necessitated the plasticizers, the additives designed to render thefriction of numerous dairy herds and caused plastic pliable. Frequently. plasticizers are estersit economic losses. Although no proven human of long-chain fatty acids and alcohols. Th-ir 

biodegradation renders the material brittle, but 
iii: tao .the polymer structure i5 not affected. The%ririnntrl and twmbruml,.l.-i lmhihpot ierplairmt' 

con-
• hiliptlw.. Commercdal mitu*-' 

tention that the basic polymer structures are not 
.. ,, 

ruwidn numer- subject to biodegradation was based originallyr,,aiect homaioO,.dbeen "nw enstie on relatively crude weight loss measurements. , on of drse compounds resul In high Mis onrrltiey'.a has confir meashigh ensrecntbut recently has been confirmed by highly sensitivemeasurements using "C-labelled polymers. Re-

,i Ci C C cl C Sr Or Be S9 sistance to biodegradation seemshere to be associatedwith excessive molecular size. Biodegra-

- dalton of long chain C., and higher n-alkanes 
,) ci ci ci ci c r , , o, declines with increasing molecular weight andt-alkanes in excess of a molecular weight of 550-

Te:race:acrmootsrphenyl Oe a ncateD.lyt) 600 become rerractory to biodegradation. If the 

Prc istente and 

kiner P 

[ylcne. 

u2c 'CH Polinylchlord.- CH2-CH -CH , - n 
c1 

2 
cr 

1C Polstye, Ce- CH -

ncL'RE 13.7twice in emiro'mental 
contaminadon.Chemnical struere ofrsome plastic m'aterialImnp: orimpor-mor c 

stalling maleril4-right: po..mer chain %lithrepeatng
unit shon In brackets. r-celve molecut irgh; and 

els de'p.'.m rng eoe. make thew pov-
po.ner chain fragments or the same materiats tend to 
be blod",badable. 

molecular size of polyethylene is reduced, by
pyrolysis for example, to a molecular weight under 
500. the fragments are susceptible to biodegra-
dation. 

Plastic in the environment has been regarded 
as more of an aesthetic nuisance than a hazard, 
since the material is biologically quite inert. Re-. 
ports about large numbers of floating plastic
spherules in the ocean and their ingestion by
small fish with consequent intestinal blockage.
however, indicate that even inert materials are 
not necessarily innocuous (Carpenter. 1972). 

To date. development of biodegradable syn
thetic plastics h-'s not progressed much beyondthe experimental stage. Some polymers with esterlinkages appear to be pro:sing, such as the cap-a ea o ber.A n. a pternlac'one polyester. A n., agricultural practiceinvolving plastics, the '..-cailed film-mulching 

technique (Figure 13.8) i.the development Js special urgency toof bi. :radable plastic film 

material. The practice . Ives the covering of 
fields with plastic film in Jer to control weedsand conserve moisture. I; impractical to collect 
or reuse the film at the eni of the growing season 
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and a large accumulation of , tic 'agments in 
the field is equally undesirable. Since polveth

polbutene. and other poly.lefins are sus
ceptible to photochemical degradation, it is pos
sible to devise materials that sustain sufficient
pl~otochemical damage during a growing season 

to become susceptible to subsequent microbialdegradation (Figure 13.9) (Reich and Bartha. 
1977). The resistance of the material to various 
irradiation levels can be adjusted by appropria;e
additions of antioxidnts. Tests have shown that 
the native polymer was resistant to biodegra
dation. but the irradiated material became susceptible to it.

etb oi 

A.k'1 Bent1 Suffonates 
Alkyl benzyl sulfonates (ABS) are the major 
components of anionic detergents. Like other 
surface active agents. the molecule has a polar
(sulfonate) and a nonpolar (alkyl) end. Emui. 
fication of fatty substances, and hence cleaning. 
occurs when ABS molecules form a monolayer
around lipophilic droplets or particles. ABS mol
ecules point with their nonpolar end toward-, the 
lipophilic substance and with the sulfonate end 
towards the surrounding water. Compared to 
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,snventional soaps, nonlinear ABS (Figure 13.10) 
, resistant to biodegradation and causes extensive 
,aming of rivers that receive ABS-containing 
,astcs. Nonlinear ABS is easier to manufacture 
,nd han slightly superior detergent properties,
,iii the methyl branching of the alk)l chain in-
rferes with biodegradation. since the tertiary

.irbon atoms block the normal ,B-oxidation sc-
"icncC. The problem was largely alleviated %%hcnfie detergent industry sssitched to linear ABS 

'h.t was free from this blockage and was con-
.cquently more easily biodega-ded. The ABS story 

a remarkable one. since it was one of the first 
*i.,tances when a synthetic molecule was redo-
,ined to remove obstacles to biodegradation 'shile 
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teristics of the compound (Blrenner. 1969). 
O ou 


Pollution 
Pollution problems described in the preceding 

sections dealt with synthetic organic compounds 
unfamiliar to the biosphere and its recycling 
mechanisms. Petroleum is. in one sense, a naturalproduct, resulting from the anaerobic conversionOf biomass under high temperaturc and pressure. 
It has always entered he biosphere by natural 

natura seepage, but atrates much slower than the forced 
recovery of petroleum by drilling, currently es-
timated to be about two billion metric tons per 
year. Petroleum. or at least most of its compo-
nents. issubject to biodegradation, but at relatively 
slow rates. The production. transportation. re-
fining, and ultimate disposal are introducing, by
conservative estimate, 3.2 million metric tons of 
oil annually into the oceans (National Research 
Council. 1985). This load is. of course. heavily
concentrated around off-shore production sites. 
major shipping routes, and refineries and. there-
fore. frequently exceeds the self-purification ca-
pacity of the receiving waters. Oil floating on 
water is technically difficult to contain and collect.It is desiructive to birds and various forms of 
marine life and. %shendriven ashore, causes heavy
economic and esthetic damage. Cleanup costs 
are high. often amounting to 10-15 dollars per
gallon of spilled oil. Prevailing weather conditions 
often completely thwart the containment and 

CM C-
cH3 
3C -CH-CH2c 

2.C-MCd CM SO3N, 

C .- S03 1ts 
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cleanup of oil sdicks. Dispersal of the oil by de-
e nu o i l slic k s . D isp.e rsa l or th oomhvceof-H d e 

tergents or sinking the oil "ith chalk or siliconized
sand are essentially cosmetic measures. Theyremove the oil from the surface but increase the 
exposure of marine life to the pollutant and are.therefore, best avoided. 

In addition to killing birds, fish. shellfish, and 
other invertebrates, oil pollution appears also to 
have more subtle effects on marine tire. Dissolvedaromatic components of petroleum disrupt, evenat a low ppb concentration, the chemoreception 
of some marine organisms. Since feeding and spo m rn sen S n candmating responses largely depend on chemore-
ception, such disruption can lead to elimination 
of many species from thc polluted area even when 

the pollutant concentration is far below the lethal
level as defined in the conventional sense. Another 
disturbing possibility is that some condensed 
po!ynuclear components of petroleum that are 
relatively resistant to biodegradation are carcino-
genie and may move up marine food chains and 
taint fish or shellfish. 

Petroleum is acomplex mixture of aliphatic,
alicyclic. and aromatic hydrocarbons (Figure
13.11)and asmaller proportion of nonhydrocarbon 
compounds, such as naphthenic acids, phenols. 
thiols. heterocyclic nitrogen, and sulfur compounds, as well as metalloporphyrins. There are 
several hundred individual components in every
crude oil and the composition of each crude oil 
varies with its origin. Most xenobiotic pollutants 
can be regarded as substituted or modified hy-
drocarbons and. therefore. it is useful to reviewhere briefly the biodegradation pathways of var-
ious hydrocarbon compounds. 

Susceptibility to biodegradation varies 'sith 
tN type and size of the hydrocarbon moleculethe(Atlas. 1984). n-Alkanes of intermediate chain 
length (Cia-C:j)arc degraded most rapidly. Shortchain alkanes are toxic to many microorganisms, 

but they generally evaporate from oil slicks rapt-idly. Very long chain alkanes become increasinglyresistant to biodegradation. As the chain length 

increases and the alkanes exceed a molecularwbeight of 500-600. they cease to serve: as carbon 

sources. Branching. in general. reduces the raic 

of biodegradation .rce tertiary and quatcrnar.
carbon atom% iihterfcre %%ith degradation mechanisms or block degradaiion altogether. Aromatic
compounds, especially or the condensed pol.
:.uclear type. are degraded more sloily than al

k -nes. Alicyclic compounds are frequently unable 
to serve as sole carbon sources for microbial 
growth unless they have a sufficiently long aliphatic side chain, but they can be degraded via
co-metabolism by two or more cooperating mi
crobial strains %ithcomplementary metabolic 
cr abil ti s(A tas me ab licapabilities (Atlas, 19811.
 

The initial attack on alkanes occurs by en
zymes that have a strict requirement for molecular
 

oxygen, that is. monooxygenases (mixed functionoxidases), or dioxygenases (Singer and Finnertv. 
1984; Briton, 1984). In the first case (equation
I) one atom of0. is incorporated into the alkane 
yielding a primary alcohol. The other is reduced 
to H20. with the reduced form of nicotinamide 
dinucleotide phosphate (NADPH,) serving as 
electron donor: 

I) RCH:-CH, O NADPH
 
- R-CH.-CH.-OH -,-.,JADP+ 11:O
 

In the second case (equation 21. both atoms of 
O are t,-ansferred to the alkane. yielding a labile 
hydroperoxide intermedac,: that is subsequently
reduced by NADPH I to an alcohol and H-O 
(equation 3). 
(2) R-CH.-CH, + O.- R-CH.-CH.-OOH" - + 
(3) R-CH:-C4-OOH + NADPH. 

- R-CH-CH.-OH + NADP + H.O 
Most frequently, the initial attack is directed at
the terminal methyl group, forming a primaryalcohol that. in turn. is further oxidized to an 

aldehyde and fatty acid. Occasionally. both terminal methyl groups are oxidized in this manner. resulting in the formation of a dicarbox) lic 

acid. This variation. described as diterminalw-oxidation. is one of several ways orto bypas 
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tIE 13.11 CC-C-C--C-C--C S:raght cnan alkane 

z,.-trmrrs of hdrd-
,-n%innd. att.aro n-Parauhn 

i.voare cha.n tree 

.Iroren atoms are omit-
 C1t.Ilomolotues Iwmer, C c-C
1Icombinations rrsult in 
 I I 
,raI complon
,.arbon eotpoundd%i 1Inul ,o-ParaflrStsInrfi 

de ON.sampes 


C 

c-c-cQ C-C-C-C 

AyyCohn-2H 

c-c 

COy-'n lynahhlln rma~,O 
AlylbentIn Alkylnaphihaen t Aromatcs 

c-c-c c-c-c 

Ayr Ayyn co, omacsAromatic 

lock to /3-oxidation due to branching of the car- (6) R-CHCH=CH-CO-CoA 

Once a fatty acid is formed, further catabolism I + H-O 

:curs by the /3-oxidation sequence. The long-
hain fatty acid is converted to its acyvl coenz:'me (7) R-CH.-CH-CH.-CO-CoA"prcc 

x form (equation 41 and is acted uponz e 

f enzvmes with the result that an acetyl CoA OH , -2H 

•
roup is cleaved off and the fatty acid is shortened (8) R-CH.-C-CH.-CO-CoA 
y a two-carbon unit (equations 4-9). II 

C1 
R-CH-CH-CH.-COOH 
 0 ,,+CoA 

. + CoA (9) R-CH:-CO-CoA + CH)-CO-CoAS -CoA 

R-CH:.CH:-CH:.COCOA This sequence is then repeated. The acctyl CoA 

, - 2H ,'nits are converted to CO. through the tricar-

Persistence and 

boxylic acid cycle. The /3-oxidation sequence does 
not necessarily require the presence of molecularoxygen and after the initial oxygenation fatty 
acid biodegradation may proceed under anaerobic 
conditions. 

A direct dehydrogenation of an intact
hydrocarbon (equation 10) leading through a 


1-alkene. (equation iI) alcohol. (equation 12) and 
aldehyde (equation 13) to a fatty acid (equation 
14) has been suggested as a potential anoxic 
biodegradation mechanism: 
(10) R-CH.-CHK 

(11)R-CH=CH, 

- +H.,O

() R-CH-CH, 


I -2H 
(13) R-CH-CHO 

I -2H. + HO 

(14) R-CH.-COOH 
This sequence would allow the anaerobic 

metabolism of an intact hydrocarbon in the pres-ence of an electron acceptor such as nitrate. The 
evidence for such a sequence at this time is very 

tenuous and significant metabolism of intact hy-drocarbons in a strictly anaerobic environment
is yet to be demonstrated.rmna Geologic and envi-idct ha nte. 
ronmental experience indicate that inthe absence 
of molecular oxygen hydrocarbons persist,

Some microorganisms attack alkaries sub-terminally, that is. oxygen is inserted on a carbon 
atom within the chain instead at its end (Figure 

13.12). Itrthis manner, a secondary alcahol is
formed first, which then by further oxidation is 
metabolized to a ketone and finally to an ester,The ester bond is cleaved yielding a primaryalcohol and a fatty acid. The sum of the carbon 

atoms in the two fragments is equal to that of 

IBlom.-tnific.tion orXenotiiotlc .Molecules 

the parent hydrocarbon. The alcohol fragment t,, 
oxidized throuch the aldehyde to the fatty acidanalog and boih Cragmcnts are metabolized funhcr 
by thef3-oidation sequence (Singer and Finnerty. 
1984: Britton. 1984)).

Alicyclic hydrocarbons having no terminal
inethyl groups are biodegraded by a mechanism
 

similar to the subterminal oxidation shown in 
Figure 13.12. In the case of cyclohexane (Figure
13.13). hydroxylation by a mixed function oxidase
leads to an alicyclic alcohol. Dehydrogenation 
leads to the ketone. Further oxidation form%a 
lactone. sshich is subsequently h)drolyzed. The 
hydroxyl group isoxidized in sequence o an
aldehyde and carboxyl group. The resulting
dicarboxylic acid is further metabolized by/3-oxidation. Microorganisms havethat can grow been foundon cyclohexane (Trower at al..
 
1985). and hence, 
 must be capable of carrying 

out the whole degradation sequence. More frequcntly, however. the organisms capable orconverling cyclohexane to cyclohexanone are unable 
to lactonize and open the ring and vice versa. 
Consequently. corrmensalism and co-metabolism 
play an important role in the biodegradation ofalicyclic hydrocarbons (Perry. 1984: Trudgill. 

1984). hydrocarbons are oxidized inone
 
or several steps to catechol (Figure 13.14). Thedihydroxylated aromatic ring is opened by oxidative "ortho cleavage- resulting in cit, civ
muconic acid. This is metabolized further to 

,l-ketoadipic acid. which is oxidatively cleavedto the common tricarboxylic cycle intermediates.succinic acid. and acetvl-CoA. Alternatively.. ~ etjiev 
the catechol ring may be opened by mcta cleav
age. adjacent to rather than betiaeen the hydrox,I
groups, yielding 2-hydroxy-cis. cis-muconic semialdehyde. Further metabolism leads to formic 
zcia. pyruvic ncid. and acetaldehyde. Condensed 

aromatic ring structures, if degradable. are alsoattacked by dihydroxylation and opening of one 
of the rings (Figure 13.15). The opened ring i%degraded to pyruvic acid and CO. and a second
ring is attacked in the same fashion. Many con

densed pol. nuclear aromatic compounds, how
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mompanying H:S evolution kills the roots of most 
for rphthrne.The r plants, including those of large.ilifrd) a %.htnin rtc--established 

i,. nietalmlizet further in orho. 
%.,thmn in FIgure13.14. 

ON COON 
... -'-~aH-ON 

0a H0 
Naphtale,. 12<W OH 

-12O 2-hydroisyphenyl) 

buhyroiid 
,Hydroxy-2-o.o-. 

o = o-A 6
COOH CHO 

-c H3CCCOOtI
:vi c acd sacl a,,,y..e Pru,,c =d 

-,e facors difficult to influence.
ion of oil slicks ith hydrocarbon-
,croorganisms and application to the 

..i and phosphorus in oil-soluble form 
" are being explored as means of 
po'lluting oil by ,limulated biodcgra-

1981. Hartha. 196). 
.hLrt run. petroleum and petroleum 
utaining asphaltic components are not 
,,nfitativcly. The residues. along with 
ion products formed from reactions 

ddegrdation intermediates with each 
tar globules. The tar. a partially oxy-

1.molecular weight material, is quite 
further degradation and floating tar 
encountered in the marine environ-
.:,inc quantities (Bu:ler ct al.. 1973). 
.I il spill% on l.±nJ are generally 

w.ain and clean up than on %aler. 
me and other Io. ity distillation 

,cep into subsoils and persist there 
e prevailing ano\ic conditions. They 
.. pose anlte the groundvsatcr and 

:std in nearhy h.,,mcn1, ind ,c\%crs.lc'tructi'c to %setiationnot only 
,'iact lo\icity. Fi t'caiise h. dro-
.tl.tion in the ,oil renLlers plant 

\ie. [he lack otito xuciand ac-

trees (Bossert and Banha. 1984. 
Natural gas seepages from undeground pipe 

systems or from former landfills have a similar 
deletenous effcct an vegetation. Here, the anoxic 
conditions are created by a combination of thephysical displacement of so; air by natural gas
and by the activity of Afethylomono5 and other 

bacteria capable of oxadizing gaseous alkanes.shade oc-o 
Destruction of ornamental and shade trees oc-
curred on a large scale in som':, communities thatreplaced coal-derived generator gas with natural 
gas.gas. acid generatedgenerated bybowingamieThe formerformer is by blowing a mixturegrdal.RceCasns onz onyof steam gradually. Rachel Carson's controversial "Silentand air through hot coals, giving rise 

to a combustible gas mixture containing hydrogen,
carbon monoxide, nitrogen, and various impur-
ire antent.ties. This gas mixture had a high moisture 
When natural gas. which consisted mainly of 
methane ethane and propane and was quite dry. 
was distributed through the same old municipal 
pipe networks, pipe joint gaskets dried out. 
shrnk, and became leaky. The underground gas 
seepage caused widespread tree-kills through
anoxic soil conditiors. though the direct toxicity 
of methane and other gaseous alkanes to plants 
is quite low t-ocks. 1972). 

Oil sludges, mixtures of oil. water. and solids. 
are generated in oil refining operations and pose 
a disposal problem. A relatively low-cost disposal 
method involves spreading this ,,aste on land in 
so-called land-treatment operations. Properly 
manaced by liming, fertilization %sithnitroL'en 
and phosphorus, and tillage for aeration, the hy-
drocarbon component arc degraded by ,,oil i-
croormanim in the upper aerobic %oil laver. thus 
reducing the chancc orany water pollution through
infiltration or runoff Bartha and Bosserl. 1984). 

Pesticides 

Monoeulture, are inherently unstaic.e coystem, 
and. of necessity. a large part of the agricultural 
production effort goes to-saids the control of 
competing steeds, destructive insect%.,*ad other 

ests. The cost of manual labor and the increasing
scale Of agricultural operations in developed
countries both have worked in favor of chemcal 
pest control. By 1975, 1170 pesticides were reg-
istered for use in the United States-including 
425 herbicides. 410 fungicides, and 335 insecti-
cides. The total annual production of synthetic
organic pesticides in the same year was 725 million
kg. In terms of effectiveness, economy, and 

quality control, pesticides have been an un-un-aetrcto 
qualified success; the dangers inherent in our 
ignorance of the ultimate fate and unintendedside effects of pesticides were recognized only 

Spring" (1%2) played a large role in alerting 

legislators and the general public to the proven
and potential dangers of unwise pesticide use. 
In the subsequent highly emotional debate. 
sweeping endorsements or condemnations of 
pesticides were made by groups with conflicting
pesticids ad bigrops with cinteres:s and philosophies. In reality, a sudden 
discontinuation of pesticide use would surely 
precipitate an economic and public health crisis, 
while uncontrolled pesticide use would, in the 
lng term. cause irreversible environmental dam-
age. A responsible pesticide policy clearly de-
mands careful risk-benefit an.alvsis for each com-
pound and its various uses. 

Most of the currently used organic pesticides 
are subject to extensive mineralization within the 
time span of one growing season or less. Bio-
chemical processes, alone or in combination with 
purely chemical reactions, are responsible for 
their disappearance. Synthetic pesticides sho" 
a be ilderin gvariety of chemical structuies. ' elt 
most can he traced to relively sim -Ini 
carbon skeletons that ar a varetyof subtitucn 
groups such halogens aminos bsitrosu hy-as t 
drox Is. and others. Aliphatic carbon chains are 
degraded by th20-oxidation sequence. The re-

stlling C:-fragments are further metabolized viathe tricarhos.s lic acid cY 
lures are metabolzed 1y h 

't d dro,,lotin arunecleavage. Trior to these trnnformatiins chem icalgroup" ttached to the aromatic ring are con-

pletely or partiallh removed. Substituent groups
uncommon in natural compounds such as halo
gens, nitro- and sulfonate groups, if situated so 
as to impede the oxygenations, will frequently 
cause recalcitrance, whereas methyl. methoxy, 
carboxyl and carbonyl groups can often be re
moved metabolically from blocking positions. Ifthe dihydroxylation can occur on a substituted
aromatic compound, the previously described 

degradationdegramentan pathwayspanway will be foliosed with minoriobree ih 
modification according to the position and nature 
of the substituents. Saturated ring systems, such as cyclohexane and decalin are more refractory
sccohxnaddcanarmreefctythan their aromatic analogs. They rarely supportgrowth of any single microorganism, but some 

are degraded in the presence of other substrates 
and by the cooperative e1ort of several microbial 
strains. This phenomenon is observed also with 
other difficult-to-degrade compounds and relates 
to the concept ofco-metabolism (Ho ath. 1972). 

cocpto"Co-metabolism" c-m es thphenomnonde!.cribes the 197m), 

that occurs when a compourd is transformed by 
a microorganism. yet the oig~a;isnl is unable to 
grow on the com-ound and docs not derive en
orgy. carbon, or an% other nutrient from the 
transformation. Co-metabolic ;ran rrmation oc
curs hen an enzyme of a microorganism. grosing 
on compound A. recognizes as substrate co
pound B and transforms it to a product. The 
transformation is limited. because the next enz.me 
of the organism that should attack in sequence 
has a higher specificty and does not recognize 
the product of B as a subtratc. In the cae of 
a pure culture. co-metaboli,,m i, a de.d-end 
tiansfornation %ithoutbciictl to lie oicani,m. 

however. uch an initial co-meibolic transor.
maion may pave the ao-m fofor subocqucn 

by another organism. In this manner. synereistic 
transformalions of co-mctabolic and also the 

suborateuthization is pe may esentually lead toe of rel~ni,.lv recaleitr.it conioinds 
that do not support the grosti o, .in selcted 

P rrt i thl ctutre. 
. ,ic molecule, to be degraded become 
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MICROBES INTHE ENVIRONMENT 

Role Inblogeochemical cycling. Microbes function as the recyclers of many 
different materials in the environment. They are essential to the carbon, nitrogen, 
oxygen, phosphorus, sulfur, Iron, and hydrogen cycles in the environment. 

As disease agents. There are numerous microorganisms which cause diseases In 
man and animals. These organisms are transmitted through the environment to 
man by the oral and respiratory routes. In order to do this, the microbe must exist 
In the environment for a period of time. Microbes may also be spread by contact 
between individuals. 

As pollution indicators. Because of the large number of microbes which cause 
disease, it would be difficult to test a water for the presence of each type. This 
would require a large amount of time and expense. For this reason, a substitute 
test is used which looks for the presence of a pollution indicator. In the case of 
water pollution by fecal materhil, the coliform bacteric are used as the pollution 
Indicator. These bacteria are not normally pathogens (disease producers), but 
occur in the fecal material of humans and animals In large numbers. Pathogens 
usually appear inan intermittent manner which makes them harder to detect. To 
be agood pollution indicator, a microbe must: 

1. Be present In fecal matter Inmuch larger numbers than the pathogen. 
2. Have the same or longer die off rate as the pathogen. 
3. Live at least as long as the pathogen in the water or other environment. 
4. Be easy to work with In the laboratory. 
5. Be easy to Identify and test for. 
6. Be harmless to lab workers. 
7. Be absent in nonpolluted environments. 
8. Have the same resistance (or somewhat greater) that the pathogen to 

disinfectants such as chlorine. 

Bioremedlation 

MICROBIAL TREATMENT OF WASTEWATER 

(See handout) 

TREATMENT AND SAFETY OF WATER SUPPLIES 



6. Flagellum - allows cell to move 

METABOLISM 
Microbes may use different methods to obtain energy. These are based on 

the material which is used as the final electron acceptor during the production of 
energy. Microorganisms obtain their energy from either chemical reactions or 
from light. The organisms are categorized according to the method used. A 
phototroph obtains energy from light and a chemotroph obtains energy by using
chemical reactions. The chemotroph Is the most Important microbe in causing
disease and in the cleanup of water pollution by organic chemicals. Those 
organism use different types of metabolic reactions based on the electron 
acceptor used. 

Energy is produced in an organism which uses aerobic metabolism 
(RESPIRATION) by many different biochemical reactions. These reactions usually
Involve biochemical cycles such as the Embden Meyerhoff Pathway and the Kreb's 
cycle. These cycles strip electron and hydrogens from organic compounds. The 
electrons and hydrogens are processed by the respiratory chain and the electron 
transport system. The electron eventually are passed to a final electron acceptor.
Inrespiration or aerobic metabolism this is molecular oxygen. Cells which use 
this process must be provided with oxygen.

A second method of metabolism may be used by some microbes. This 
process is named fermentation and will take place in the absence of oxygen. The 
microbes use an organic compound as the final electron acceptor. An example of 
this method Is the production of beer or wine. 

An intermediate process may be used by other microbes. This process Is 
named anaerobic respiration and allows the microbe to produce almost as much 
energy as respiration but proceeds In the absence of oxygen. The final electron 
acceptor may be sulfate, nitrate or some organic compounds. 

MEASUREMENT OF MICROBES INTHE ENVIRONMENT 
(See handout) 

EFFECT OF ENVIRONMENTAL FACTORS ON MICROBES 
(See handout) 



CALIBRATION OF THE DISSOLVED OXYGEN METER/PREPARATION OF BLANK 

NOTE: METER SHOULD BE CALIBRATED DAILY 

1. Check BOO probe to be sure that there are no bubbles under the membrane. 
2. Turn dissolved oxygen meter to the first position, "red lineg. The meter needle 
should move to the red line on the meter scale. If the needle does not go to the red 
line use the red line knob to adjust. Ifyou cannot reach the red line by adjusting 
with the red line knob, the batteries must be replaced. 
3. Turn meter knob to the zero position. Adust with the zero knob if necessary. 
4. Collect about 950 ml of dilution water in a IL beaker. 
S. Carefully (SLOWLY) pour dilution water into each of three BOO bottles while 
bottle is tilted about 45 degrees.
6. Place BOD probe into one bottle, turn on the stirring bar, and and turn the knob 
to the 0-10 mg/I oxygen scale. Titrate the other two BOO dilution water bottles 
using the Winkler method. 
7. Adjust the dissolved oxygen meter reading obtained with the BOO probe to the 
average value obtained by the Winkler method. 
8. Remove probe from bottle and rinse with distilled water. Store probe in aBOO 
bottle which has about 50 ml of distiled water in it. Put glass stopper back in the 
dilution water BOO bottle used with the BOO probe. Add water for the water seal, 
put plastic overcap on and place bottle in the BOO incubator at 20 C. This bottle 
will be a dilution water blank to determine if the dilution water is suitable for the 
test. 
9. Probe is now standardized and ready to process all samples. 

CARE OF BOO PROBE 

1. Check probe before each use to make sure that there are no bubbles under the 
membrane. If you see bubbles you must replace the membrane. 
2. Store probe when not in use by placing the neck of the probe into aBOO bottle 
that has about 50 ml of distilled water in it. This is to keep the membrane moist 
and reduce the possibility of loss of the BOO probe fluid. 
3. The membrane should be replaced on the average of 2-4 weeks. 

WINKLER TITRATION FOR DISSOLVED OXYGEN (STD. METHODS 4500-0 C,EPA METHOD 
360.2) 

1. Add 2 ml of alkali-azide-iodide reagent to bottle by allowing reagent to run 
slowly down the side of the oneck of the bottle. 
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OXYGEN, DISSOLVED 

Method 360.1 (Membrane Electrode) 

STORET NO. 00299 
L 	 Scopeand Application1.I The probe method for dissolved oxygen is recommended for those samples containingmaterials which interfere with the modified Winkler procedure such sulfihe.asthiosulfate, polythionate, mercaptans, free chlorine or hypochlorite, organic substancesreadily hydrolyzed in alkaline solutions, free iodine, intense color or turbidity and

biological flocs.
1.2 The probe method is recommended as asubstitute for the modified Winkler procedure inmonitoring of streams, lakes, outfalls, etc., where it is desired to obtain a continuous 

1.3 	
record of the dissolved oxygen content of the water under observation.The probe method may be used as a substitute for the modified Winkler procedure inBOD deterrnina'ions where it is desired to perform nondestructive DO measurements on 
a sample.1.4 The probe method may be used under any circumstances as a substitute for the modifiedWinkler procedure provided that the probe itself is standardized against the Winklermethod on samples free of interfering materials.1.5 	 The electronic readout meter for the output from dissolved oxygen probes is normallycalibrated in convenient scale (0 tc 20, 0 to 15, 0 to 20 mg/I for example) with asensitiity ofapproximately 0.05 mg/liter.

2. 	 Summary of Method
2.1 The most common instrumental probes for determination of dissolved oxygen in waterare dependent upon electrochemical reactions. Under steady-.ate conditions, thecurrent or potcntial can be correlated with DO concentrations. Interfacia dynamics atthe probe-sample interface are a factor in probe response and a igificant dcee ofinterfacial turbulence is necessary. For precision performance, turbulence should be 

constant. 
3. Sample Handling and Pres.-rvation 

3.1 	 See 4.1.4.2.4.3.4.4 under Modified Winkler Method (360.2).
4. 	 interferences 

4.1 	 Dissolved organic materi&ls are not knovn to interfere in the output from dissolved 
oxygen probes.
Dissolvrd inorganic salts are a factor in the performance ofdisolved oxygen probe.4.2.1 Pi Dbes with membranes respond to panial pressure of oxygen which in turm is afu ict'on of dissolved inorganic salts. Conversion fctors for seawater and brackishwaters may be crJculated from disso!ved oxygen saturation versus salinity data.Conversion factors for specific inorganic salts may bc developed experimentally. 
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Broad variaions in the kinds and conoentrhtions of salts in samples can make the 
use ofa menibrane probe difficult.

4.3 	 Reactive compounds can interfer with the output or the pefomauce of dissolved 
oxygen probes.
4.3.1 	Reactive gases which pass through the membrane probes ma: interfere. Forexample. chlorine will depolarize the cathode and cause a high probe.output.

Long-term exposures to chlorine will coat the anode with the chloride ofthe anodemetal and evauttJly desensitize the probe. Alkaline samples in which free chlorine
does not exist will not interfere. Hydrogen sulfide will interfere with membraneprobes if the applied potential isgreater than the half-wave potential of the sulfideion. if the applied potential is less than the half-wave potential, an interferingreaction will not occur, but coating of the anode with the sulfide ofthe anode metal 
cz: take place.4.4 	 Dissolved oxygen probes are temperature sensitive, and temperature ce.mpensation isnormally provided by the manufacturer. Membrane probes have a tcmperature

coefficient of 4 to 6 percent/'C dependent upon the membrane employed.
5. 	 Apparatus

5.1 No specific probe or accessory is especially recomm.nded as superior. However, probeswhich have been evaluated or are in use and found to be reliable are the Weston &StackDO Analyzer Model 30. the Yellow Springs Instnument (YSI) Model 54, and the
Beckman Fieidlab Oxygen Analyzer. 

6. 	 Calibration 
Follow manufacturer instructions. 

7. 	 Procedure 
Follow manuracturer instructions. 

S. 	 Calculation 
Folios manufacturer instructions. 

9. 	 Precision and Accuracy 
Manufacturer's specification claim 0.1 mg/l repeatability with i % accuracy. 

I. 	 Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 450,
Method 422F (1975). 
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OXYGEN, DISSOLVED
 

Method 360.2 (Modifled Winler. Full.Bottle Technique)
 

STORET NO. 00300
 

1. Scope and Application
1.1 This method is applicable for use with most wastewnten and streams that contain nitrate

nitrogen and not nqore than I mg/I of ferrous iron. Other reducing or oxidizing materials
should be absent. If I ml of fluoride solution is added before acidifying the sample and 
there is ao delay in titration, the method is also applicable in the presence of 100-200 
mg/I ferric iron. 

1.2 
 The Dissolved Oxygen (DO) Probe technique gives comparable results on all samples 
Ivpes.
 

1.3 The azide modification is not applicable under the follo%ing conditions: (a) samples
containing sulfite, thioulfate. polythionate, appreciable quantities of free chlorine or
hypochlorite: (b) samples high in suspended solids; (c) samples containing organic
substances which are readily oxidized in a highly alkalie solution, or which are oxidized
by free iodine in an acid solution, (6)untreated domestic sewage; (e) biological flocs. and
(fMwhere sam,le color interferes with endpoint detection. In instances where the azide
modification is not applicable, the DO probe should be used. 

2. Summary of Method 
2.1 The sample is treated with manganous sulfate, potassium hydroxide, and potassium

iodide ithe latter two regents combined in one solution) and finally sulfuric acid. The
initial precipitate of manganous hydroxide. Mn(OH). combines with the dis~ohed 
oxygen in the sample to form a brown precipitate manganic hydroxide. MnO(OH)..
Upon acidification, the m ganic hydroxide forms manganic sulfate which acts as an
oxidizing agent to release free iodine fro. the potassium iodide. The iodine, which isstoichiometrically equivalent to the dissolved oxygen in the sample is then titrated with 
sodium thiosulfate or p.eylarsine oxide (PAO). 

3. Interferences 
3.1 There are a number of intererewn= to the dissolved oxygen test, including oxidizing and 

reducing agens, nitrate ion.ferrous iron. and organic matter. 
3.2 

,
Various modifications of the original Winkler procedure for disolved oxygen have been
developed to com.,ensate for or eliminate interferenc. The Alsterberg modification iscommonly used to successfully eliminate the nitrite interfer=ce, the Rideal-Stevwart 
modification is designed to eliminate ferrous iron interference, and the Teriault 
procedure is used to compensate for high concentration oforganic materials.

3.3 Most of the commo i interferences in the Winkler procedure may be overcome by use of 
the dissolved oxygen probe. 
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4. Sample Handling and Preserva:ion
4.1 Where possible. collect the sampe in a 300 ad DOD incubation bottle. Specialprecautions are required to avoid entrainmenj or solution ofatmospheric oxygen or loss

o(dissolved oxygen.
4.2 Whe.re samples are collected from shallow depths (less than 5fWct). use of an APHA-typesampler is recommended. Use ofa Kemmerer #pe umpkr is recommended for samples

collected from dciths orgreater than 5fet.4.3 When a Kemmerer samplekr isused, the ROD sample bottle should be filled tooverflowing. (overflow for approximately 10 seconds). Oudet tube of Kemmerer shouldbe inserted to bottom of DOD bote. Care must be taken to prevent turbulence and thetormation ofbubbles when filling bottle.4.4 At time ofsampling, the sample temperature should be recorded as precisely as required.4.5 Do not depay the determination of dissolved oxygen in samples having an appreciableiodine demand or contaiaing ferrous iron. If samples must be preserved either method
(4.5. 1)or (4.5.2) below, may be employed.
4..-. I Add 2 ml of manganous sulfate solution (6. 1)und then 2 ml of alkaline iodide-azide
solution (6.2) lo the sample contained in the DOD bottle. Both reagents must beadded well below the surface of the liquid. Stopper the bottle immediately and mixthe contents thoroughly. The sample should be stored at the temperature of thecollection water, or water sealed and kept at a temperature of 10 to 20C, in thedark. Complete the procedure by adding 2 ml HISO, (see 7.!) at time ofanalysis.4.5.2 Add 0.7 ml of conc. H2SO, (6.3) and I ml sodium azide solution (2 S NaNj in 100ml distilled water) to sample !n the DOD bottle. Store sample as in (4.5.1).Complete the procedure using 2 ml of nranganous sulfate solution (6-1), 3 mlalkaline iodide-azide solution (6.2), aad 2 ml of conc. HISO, (6.3) at time of

analysis.4.6 Ifeither preservation technique is employed, complete the analysis within 4-8 hours after 
sampling. 

5. Apparatus
5.1 Sample bottles.300 ml 23 mJ capacity BOD incubation bottles with 'apered groundglass pointed stoppers and flared mouths.
5.2 	 Pipets-with elongated tips capable odelivering 2.0 ml 
 t0.10 ml ofreaent.
 

6. Reagents
6.1 Manganous iulfate solution- Dissolve 480S manganous sulfate ,]MnSO,,4H.O in distilled 

water and dilute to I liter.
6.1.1 Alternatively, use 400 g of MnSO,.2H 3 or 364 g of MnSO,.H30 per liter. Whenuncertainty exists regarding the water nfcrystallization, a solution of equivalentstrength may be obtained by adjust, g the specific gravity c!the solution to 1.270 

at 20"C.6.2 Alkaline iodide-azide solution: Dissolve 500 g otwdium hydroxide (NaOH) orpItassium hydroxide (KOH) knd 135 g of sodium iodide (Nal) or 
700g of 

150 g of potassiumiodide (K) ''i¢estilled water and dilute to I liter. To this solution add 10 g of solution
azide (NaNj) dissolved in 40 ml of distilled water. 
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6.3 Sulfurc acid: concentrated. 
6.4 Starch solution: PrePare an emulsion of l09 soluble starch in a mortar or beaker wi:h asmall quantity of distilled water. Pour this emulsion into I liter ofboiling water, allow toboil a few minutes, and let Attle overnight. Use the clea supernate. This solution may bepreserved by the addition of 5 ml per liter of chloroform and storage in a 10'C 

refrigerator. 
6.4.1 Dry, powdered starc!6 indicators such as "thyodene" may be used in place ofstarch 

solution.6.5 Potassium fluoride scution: Dissolve 40S KF,2HjO in distilled water and dilute to 100 
ml.6.6 Sodium thiosulfate, stock solition, 0.75 N: Dissolve 186.15 g Na 2S)Op5H20 in boiledand cooled distilled water and dilute to I liter. Preserve by adding 5 ml chloroform.6.7 Sodium thiosulfate stamttlrd titrant, 0.0375 N: Prepare by diluting 50.0 ml of stocksolultion to I liter. Preserve by adding 5 ml of chlomfornn. Standard todium thiosulfate,exactly 0.0375 N is equivalent to C.300 mg of DO per 1.0C ml. Standardiz; with 0.0375 N
potassium biiodate.68 Potassium biiodate standard. 0.0375 N: For stock solution, dissolve 4.873 S of potassiumbiiodate, previously dried 2 hours at 10YC, in 1000 ml of distilled water. To prepareworking standard, dilute 250 ml to 1000 ml for 0.0375 N biiodate solution.6.9 Standardization of0.0375 N sodium thiosulfate: Dissolve approximately 2g (. 1.0g) KIin 100 to 150 ml distilled water; add 10 ml of 107 HSO. followed by 20.0 ml standardpotassium biiodate (6.8). Place in dark tor 5 minutes, dilute to 300 ml, and titrate withthe standard sodium thiosulfate (6.7) to a pale straw color. Add 1-2 ml starch solutionand continue the titration drop by dropj until the blue color disappears. Run in duplicate.

Duplicate determinations should agre. within -0.05 ml.6 10 As an alternative to the sodium thiosulfate. phenylarsine oxide (PAO) may be used. Thisisavailable, already standardized, from commercial sources. 
7. Procedure 

7.1 To the %amplecollected in the DOD incubation bottle, add ' ml ofthe manganous sulfttesolution (6. 1) followed by 2 ml of the alkaline iodide-azide olution (6.2), well below thesurface of the liquid; stopper with care to excludc air bubbls, and mix well by invertingthe bottle several times. When the precipitate settles, leaving t clear supeniatant abovethe manganese hydroxide floc, shake &aain.When settling has produced at least 200 mlof clear supernatant, carefully remove the stopper and immediately add 2 ml of conc.H:SO, (6.3) (sulfamic acid packets, 3 g may be subslttuted for H2SO,)'' by allowing theacid to run down the neck of the botte, re-stopper, and mix by gentle inversion until theiodine is uniformly ditnbuted throughout the bottle. Complete the analysis within 45 
minutes.7.2 Transfer the entire bottle contents I y inversion into a 500 ml wide mouth flask and titratewith 0.0375 N thiosulfate wlution (6.7) (0.0375 N phenyarsine oxide (PAO) may besubstituted as titrant) to pale strawY color. Add 1-2 ml ofstarch so!ution (6.4) or 0.1 g ofpowdered indicator and continue to titrate to the irst dis.ppearancc of the blue color. 
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7.3 If erjic iron is present (100 to "00 mg/I), add 1.0 ml of KF (6.5) slution before7.4 	 OccasionfJv, a dark brown or Llack precipitate persists inthe bottle afterrcc ti.racuscasi~ cidicaion.This pecapiu'ge will dissolve ifthe solution 's kept for a few minutes longer thil, 
fParticuarly

I .Calcu lation 

willual


6.1I 

pers s:ent, a few more drops of H2O will effect dissolution. orlutEach m; of0.0375N sodium thiosultste (or PAO) fitrantthe entire bottle contents 	 s equivalent to I mg DO when8.2 are titrated.
lf the results are desired in milliliters of oxygenmultiply mg/I DO by 0.698. as per liter at CC and 7 6 0mm8.3 To express the results as percent 	saturation at 760 mm 

pressuresolubility data in Table 422: !(Whipple atmosphec pressure, the& Whipple, p 446-47., Standard Methods, 14th 
Edition) may be used. Equations for correcting the solubilities to barometric8.4 other than mean sex level are given below the table.	 

pressuresThe solubility of DO in distilledtemperature, 	 water"C, 	 at any barometric pressure,and saturated vapor pressure. p (mm Hg),u (mm Hg), for the given T, may be 
calculated between the temperature of ( and 30C by: 

ml/I DO. (P- x0 6 7 8 

and between 30"and SrCby: 

ml/I DOa 

9. Precision and Accuracy9.1 Exact data are unavailable on the precision and accuracyreproducibility is approximtely 0.2 mg/l of DO at the 7.5 mg/I level due to equipment 

or this technique; however, 
tolerances and uncompensated displacement errors.
Dlbglograp, 

1. 
Kroner, R. C., Longbottom, j. E., Gorman,R.A.,Proposed for Use in the Winkles 'A ComparsoProcejure for Dissolved Ofygen" 
of Various ReagentsSurveillance System Applications and Development, Report #12,

Basic 	
PIS Water Pollution 

2. 
Data Branch, Water Quality Section,

July 1964. 
Annual Book of ASTM Standard,3. (197S). 	 Pan 31, -Water", Szdard Dls89-6, Method A, p 3733. 	 Udr 18_0 ehdA 7
Standard Methods for the '-xamination Of Water and Wastewater,
422 B (1975). 
 4th Edition,p 443,method
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5010 INTRODUCTION 

5010 A. Genera! Discussion 

Analyses for organic matter in water and 
wastewater caan be classified into two gqln-
eral types of nicasurenents: lhoe that 
quwtil'y an aggregate amount or organi 
matter e.onpriinrg orga nic .'ontlittt, s 
with a common characteristic and lhos, 
that qiantify individual organic corn-
pirllnI% The latter callnbe Fimld in Pall 
(XX I te rorner, described here ii ValI 
SMi. have beei grouped into rcir cale 
gon"rit,: oget.ln-deiiaiding suhbtancest. 
gai IcI ol elemnrit%. eLi%,r'e'% ofl iv nd 
coliotid,. and Flormation polntias. 

.Mtiliods oor total organic caihon aind 
chen.il ox'yg'ei denand i;r nlited itoas ,,% 
tl.ittial
arioiir1t ifnorgainrs precni (Ghr,, 
tiaItitI,, of tire organic 1nlt er ca l It. c 

tifled analytically, a% in thre rile;,urcment 
ofl1 )D. which is an ih or tilehiode
gradable organic%preselt. oill aid grease. 
which represents nilteri.' extractable rrom 
.1 i a nion polar ,tht.iI. or tOtalaample by 
organic halide (T(X). which incaures or
gani .alyhoud halogen% Trr halomethanc 
forniatlioll pltential is allaggrcgale Iticas
tile r tile (ol:iil Ut.'(1.lriii lof' trihalo
intlhesi firimed tu i cihhlo'ilonin of a 
%r-
w;ter %naple 

Atily.,'%e% ofri oirg1iicsr%re Ie ;fatle Io ;I5C5Ss 
contratliinilhte and general comiipOsition 

I"orgriic lmartter iimraw waier ,,upplies. 
.rtewa Ir.atled elliciierl,. anrid rceciv

mirg waler%. and in)deterIrlir ie eelicieicy 
itt llciiir(it' ti pIr'oe%es. 

5010 B. Sample Collection and Preservation 

The tampling. field treatment. prccr-
,ationll. ard storage of samples taken for 
organic matter analysis are covered in de-
tail iii tile individual introductions to tie 
meitlod,,. If possble. ana yze sample% im-

lediately b -r ,.oten,- r

cILI%inetha preservaives often ill. 

terf'cre with the tests Otherwie. tore at a 
los temperature (4C) immediately after 
collection to preserve mot sampl c. Use 
chemical preservatives only when they are 

lsli trot to interfere with the examina-

irons it be made (%ec Secionl 1060). Never 
use preservatives for sanhp toi be ana
lyzed for 1OD. When preservatives are 
used, add thIem to the saniple bottle initially 
%o that all portions are preserved as soon 
a;tncollected. No single method or preservation is entirely .atifactorv: choose the 
preservative with dre regard to the deter
mitations that are to be made. All methods 
of preservation may be inadequiate when 
applied to sampies containiig significant 
ainl ott i of suspelded Imticl 

5.1 



5-1 AGGREGATE ORGANIC CONSTITUENTS (5000) 

5020 QUALITY CONTROL 

1000 contains important informa-	 ditions may not be feasible for certain anal-
:vant to analyses included in Part 	 yses. In such cases, consider using a 
;ive particular attention to Sections mixture, in varying ratios, of several sam-

(Quality Control), 1060 (Collection pies. Use the reported concentrations in the 

eservation of Samples), 1080 (Re- !- ip'es and the proportions in which they

;rade Water), and 1090 (Safety), all - -re mixed to calculate the expected con-

-i are critical for many of the Part centration in the mixture. Examine labo-

,ethods. ratory performance using externally 
. special precautions when analyses 	 prepared standards and check samples (see
iormed by independent laboratories. 	 Section 1020B). 
e use of independent laboratories Type I reagent water (Section 1080)should give satisfactory results for most of 

oinhueaaye:purification steps may be needed for certain 

e samples, samplessaes. with known ad- such as 


observed osrefor in-house analyses:pr the analyses in Part 5000, but additional 

am wmethods, total organic halide

and blanks.
,ration or samples with known ad-	 (TOX) and trihalomethane formation poh-hoeicleuvlntential (THMFP). 

5210 A. Introduction 
eral Discussion 	 mand) unless their oxidation is prevented 


by an inhibitor. The seeding and dilution
',iochemical oxygen demand (DOD) procedures piovide an estimate of the DOD 

mation isan empirical test in which at pH 6.5 to 7.5. 

aized laboratory procedures are Although only the 5-d DOD (BOD,) is 

determine the relative oxygen re- described here, many variations of oxygen


cnts of wastewaters, effluents, and demand measurements exist. These include 

,dwaters. The test has its widest ap- using shorter and longer incubation pe-

-n in measurrng waste loadings to riods, tests to determine rates of oxygen 

-nt plants and in evaluating the uptake, and continuous oxygen-uptake

emoval efficiency of such treatment measurements by respirometric techniques. 

,. The test measures the oxygen uti- Alternative seeding, dilution, and incuba-

tiring a specified incubation period tion conditions can be chosen to mimic 

biochemical degradation of organic receiving-wazer conditions, thereby provid-

d (carbonaceous demand) and the ing an estimate of the environmental effects 

used to oxidize inorganic material 	 of wastewaters and effluents. 
•sulfides and ferrous iron. It also,'•sure the oxygen used to oxidize 2. Carbonaceous Versus Nitrogenous 

ogen (nitrogenous BODr
I forms of nitrogen (nitrogenous de-

Oxidation of reduced forms of nitrogen,
,1 by Standard Methods Committee, 1988. mediated by microorganisms, exerts nitrog-

BIOCHEMICAL OXYGEN DEMANO (5210)/Introduction 

enous demand. Nitrogenous demand his- 3.Dilution Requirements 
torically has been considered an 
interference in the determination of BOD, The BOD concentrati wasteon most 

o lv ed heO cavai on 	 an i
ammonia in the dilution water. The inter- solved oxygen (DO) available in an airysaturated sample. Therefore, it isnecessary
ference from nitrogenous demand can now I to dilute the sample before incubation to 
be prevented by an inhibitory chemical. If bring the oxygen demand and supply into 
an inhibiting chemical is r.ot used, the ox- appropriate balance. Because bacterial 
ygen demand measured is the sum of car- growth requires nutrients such as nitrogen,
bonaceous and nitrogenous demands. phosphorus, and trace metals, these are 

Measurements that include nitrogenous added to the dilution water, which is buff
demand generally are not useful for as- ered to ensure that the pH of the incubated 
sessing the oxygen demand associated with sample remains in a range suitable for bacorganic material. Nitrogenous demand can terial growth. Complete stabilization of a 
be estimated directly from ammonia nitro- sample may require a period of incubationo ogfrpatclproe;teeoe 
gen (Section 4500-NH); and carbonaceous too long for practical purposes; therefore,demand can be estimated by subtracting 5 1l has been accepted as the standard in
the theoretical equivalent o h cubationnitrogen oxidation from uninhibited euetest re- period.of the reduced iubateodilurion. e s rpo qaiyIf the dilution water is of poor quality, 

suits. However, this method is cumbersome esectively, dilution water will appearand is subject to considerable error. Chem- sample BOD. This effect will be amplifiedas 
5210aIDis subjitio oniera e ror Cema by the dilution factor. A positive bias willp-ical inhibitiona more of nitrogenous demand 	pro- result. The methodvides direct and more reliable tains both included below con.a dilution-water check and a 

measure of carbonaceous demand. di!ution-water blank. Seeded dilution
The extent of oxidation of nitrogenous waters are checked further for acceptable 

compounds during the 5-d incubation pe- quality by measuring their consumption ofriod depends on the presence of micro- oxygen from a known organic mixture,
organisms capable of carrying out this usually glucose and glutamic acid.oxidation. Such organisms usually are not The source of dilution water is not re
present in raw sewage or primary effluent stricted and may be distilled, tap, or re
in sufficient numbers to oxidize significant ceiving-stream water free of biodegradable
quantities of reduced nitrogen forms in the organics and bioinhibitory substances such
5-d DOD test. Many biological treatment as chlorine or heavy metals. Distilled water
plant effluents contain significant numbers mty contain ammonia or volatile organics;of itrfyigogansms Beaus oxdaton deionizedwith waters often leachedare from thesoluble organics contaminated 
of nitrogenous compounds can occur in reinh bed.uUse ofgacopp eliedstilsor copoc sampes coon fcan as resin bed. Use of copper-lined stills or cop
such samples, inhibition of nitrification as per fittings attached to distilled water lines
directed in I B.4e6) is recommended for may produce water containing excessive 
samples of secondary effluent, for samples amounts of copper (see Section 3500-Cu).
seeded with secondary effluent, and for 
samples of polluted waters. 

Report results as CBOD, when inhibiRpr eut sCOwe nii eeec 
ting the nitrogenous oxygen demand. i. YOUNG. JC. 1973. Chemical methods for ni-When nitrification is not inhibited, report irilicatiam .antrol. J. Water Pollu. ControlFed.results as BOD,. 	 45:037. 



a-a 

,phy 
 Rucro'FT. C.C. 1941. Report on the cooperativestudy of dilution waters made for the Stand.
F-.. P.D. McNAmca & CT. BUT. ard Methods Committee or the Federation or1931. Selection of dilution water Sewage Works Associations. Sewage Works 
oxygen demand tests. Pub. Health J. 13:669. 
84. MOHLMAN. F.W., E. HURWITZ, O.R. BARNEIr 

M.S. NIcHoLs. 1937. Influence of & H.K. RAMER. 1950. Experience with modus and nitrogen on biochemical ox- ifled methods for BOD. Sewage Ind.Wastestand. Sewage Works J. 9:34. 22:31. 

5210 B. 5-Day SeD Test 

Discussion 24 h after grab sampie collection. When 
samples are to be used for regulatory pur-le: The method consists of fill- poses make every effort to deliver samples

iple, to overflowing, an airtight for analysis within 6 h of collection,
specified size and incubating 2) Composite samples-Keep samples

:,fied temperature for 5 d. Dis- at or below 4"C during compositing. Limit 
•en is measured initially and compositing period to 24 h. Use the same
*ion, and the BOD is computed criteria as for storage ofgrab samples, start-
,.rence between initial and final ing the measurement of holding time from 

the initial DO is determined end of compositing period. State storage
after the dilution is made, all time and conditions as part of the rsults. 
ke, including that occurring 
rst 1 min, is includd in the 2. Apparatus 
egridnt. a. Icubation bottles. 250- to 300-niL ca-
ig and storage: Samples for pacity. Clean bottles with a detergent, rinse 
.ismay degrade significantly thoroughly,and drain before use.As a pre-
*,ebetwen collection and anal- caution against drawing air into the dilu-
tion of BOD by analyzing tion bottle during incubation, use a water-
,tly or BOby nzin- seal. Obtain satisfactory water seals by
iprature during storage. How- inverting bottles in a water bath or by add-
iowtemperature, keep holding ing water to the flared mouth of special
limum. Warm chilled samples DOD bottles. Place a paper or plastic cup
i analysis, or foil cap over flar I mouth of bottle to
raples-If analysis is begun reduce evaporation of the water seal during
,,fcollection, cold storage is incubation. 
fcollyis cotstage b. Air incubator or water bath, thermo-If analysis is not star ed statically controlled at 20 IC.Exclude 


ow 4C from the time of col- all light to prevent possibility of photosyn-
in analysis within 6 h of thetic production of DO. 
-inanalsis ithossinlebeand 

lien this is not possible because 

Site is distant from the lab- 3. Reagentsc at or below 4C nd report a Phosphate buffet solution: Dissolve 
-inperature of storage with the 8.5 g KHPO,, 21.75 g KHPO. 33.4 s 
,case start analysis more than NaaHPO,.7HO, and 1.7 g NH, CI in about 

about 500 m distilled water and dilute to described inI 4d. Test and Store dilutionI L. The pH should be 7.2 without further water as described in s 4b and c so thatadjustment. Discard reagent (or any of the water of assured quality always is on hand.following reagents) if there is any sign of Before use bring dilution water temper.biological growth in the stock bottle. ature to 20C. Saturate with DO by shaking 

b. Magnesium sulfate solution: Dissolve in a partially filled bottle or by aerating22.5 g MgSO,.7Hg in distilled water and with organic-free filtered air. Alternatively, 
dilute to I L. store in cotton-plugged bottles long enough 

c. Calcium chloride solution: Dissolve for water to be:ome saturated with DO. 
27.5 g CaCI2 in distilled water and dilute Protect water quality by using clean glassto I L. ware, tubing, and bottles.d. Ferric chloride solution: Dissolve 0.25 b. Dilution iwater check- Use this pro. 
g FeCI,.6H20 in distilled water and dilute cedure as a rough check on quality of dito I L. lution water. 

e. Acid and alkali solutiots, IN. for neu- If the oxygen depletion of a candidatetralization of caustic or acidic waste sam- water exceeds 0.2 mg/L obtain a satisfac
ples. tory water by improving purification or 
1)Acid-S!owly and while stirring, add from another source. Alternatively, if ni

28 mL conc sulfuric acid to distilled water. trification inhibition is used, store the di-
Dilute to I L. lution water, seeded as prescribed below,

2) Alkali-Dissolve 40 g sodium hy- in a darkened room temperatureat room 

droxide in distilled water. Dilute 
to I L. until the oxygen uptake is sufficiently re

f Sodium sulfitesolutinn: Dissolve 1.575 duced to mcet the dilution-water check cri
g NaSO, in 1000 mL distilled water. This teria. Check quality of stored dilution 
solution is not stable; prepare daily. water on utc. hut do not add seed to di

g. Nitrification inhibitor. 2-chloro-6- lution,water stored for quality improve
(trichloro methyl) pyridinc.* met. Siorage is not recommended when 

It. Glucose-glutainic acid solution: Dry BODs are to be determined without nitri
reagent-grade glucose and reagent-grade fication inhibition because nitrifying or
glutamic acid at 103C for I h. Add 150 ganisms may develop during storage. 
mg glucose and 150 mg glutamic acid to Check stored dilution water to determine
distilled water and dilute to I L. Prepare whether sufficient ammonia remains afterfresh immediately before use. storage. If not, add ammonium chloridei. Ammonium chloride solution: Dis- solution to provide a total of 0.45 mg am
solve 1.15 g NHCI in about 500 mL dis- monia/L as nitrogen. If dilution water hastilled water, adjust pH to 7.2 with NaOH not been !tored for quality improvement,
solution, and dilute to I L. Solution con- add sufficient seeding material to produce
tains 0.3 mg N/mL. a DO uptake of 0.05 to 0.1 mg/L in 5 d 
4. Procedure at 20'C. incubate a BOD bottle full of dilution water for 5 d at 20'C. Determine 

a. Preparation of dilution water: Place initial and final DO as in Is 4g and j. Thedesired volume of water in a suitable bottle DO uptake in 5 d at 20'C should not be
add I mL each of phosphate buffer, more than 0.2 mg/L and preferably notMgSO,,CaCI2, and FeCI, solutions/L of more than 0.1 mg/L.
 

water. Seed dilution water, if desired, as c. Glucose-glutamic acid check: Because
the BOD test is a bioassay its results can 
*Nitriticati' 2579.24 (2.2% linchbe influenced greatly by the presence ofinhibitor TCMP).
Co.. or ,quv rt. toxicants or by use of a poor seeding ma
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tilled waters frequently are con- than 36 h. When effluent from a biological
with copper, some sewage seeds treatment process is used, inhibition of ni-
'ly inactive. Low results always trification is recommended, 
..d with such seeds and waters. Some samples may contain materials not 
y check dilution water quality, degraded at normal rates by the micro-
veness, and analytical technique organisms in settled domestic wastewater. 

DOD measurements on pure Seed such samples with an adapted micro-
ompounds and samples with bial population obtained from the undisin-
litions. In general, for BOD de- fected effluent of a biological process 
ns not requiring an adapted seed, treating the waste. In the absence of such
ire of 150 mg glucose/L and 150 a facility, obtain seed from the receiving

ic acid/L as a "standard" check water below (preferably 3 to 8 km) the
,lucose has an exceptionally high point of discharge. When such seed sources 

le oxidation -ate but when it is also are not available, develop an adapted

.lutamic acid, the oxidation rate seed in the laboratory by continuously aer-

d and is similar to that obtained ating a sample of settled domestic waste-

y municipal wastes. Alterna-
 water and adding small daily increments
particular wastewater contains of waste. Optionally use a soil suspension


ible major constituent that con-
 or activated sludge, or a commercial seed

the BOD, use this compound in preparation to obtain the initia! microbial 


:c glucose-glutaic acid. population. Determine the existence of a 

ne the 5-d 20"C BOD of a 2% satisfactory population by testing the per-
the glucose-glutamic acid stan- formance of the seed in BOD tests on the
solution using the techniques sample. BOD values that increase with 
s 4d-J. Evaluate data as de- time of adaptation to a steady high value' 6, Precision and Bias. indicate successful seed adaptation. 


fig: 2) Seed control-Determine BOD of the
source-It is necessary to have seeding material as for any other sample.
Opulation ofmicroorganisms ca- This is the seed control. From the value or 
,xidizing the biodegradable or- the seed control and a knowledge of the 
ier in the sample. Domestic seeding material dilution (in the dilution 
. unchlorinated or otherwise- water) determine seed DO uptake. Ideally,
,-d effluents from biological make dilutions of seed such that the largest
mient plants, and surface waters quantity results in at least 50% DO de-
•vastewater discharges contain pletion. A plot of DO depletion, in milli-

microbial populations. Some grams per iiter, versus milliters seed should 
,not contain a sufficient micro- present a straight line for which the slope
.tion (for example, some un- indicates DO depletion per milliliter of 
idustrial wastes, disinfected szed. The DO-axis intercept is oxygen de-I-temperature wastes, or wastes pletion caused by the dilution water and 
iie pH values). For such wastes should be less than 0.1 mg/L ( 4h). To 
,lution water by adding a pop determine a sample DO uptake subtract
,,Microorganisms. The preferred seed DO uptake from total DO uptake. The 
,l.ntfrom a biological treatment DO uptake ofseeded dilution water should
cessing the waste. Where this is be between 0.6 and 1.0 mg/L.
,le, use supernatant from do- Techniques for adding seeding material 
.lewater after settling at room to dilu'ion water are described for two sam-k. for at least I h but no longer pie dilution methods ( I 4f). 

BIOCHEMICAL OXYGEN DEMANU (S210)15-Day BOD Test 

e. Sample pretreatment: Samples containing more than 9 mg DO/
1) Samples containing caustic alkalinity L at 20"C may be encountered in cold 

or acidity- Neutralize samples .o pH 6.5 waters or in water where photosynthesis
to 7.5 with a solution of sulfuric acid occurs. To prevent loss of oxygen during
(H2SO,) or sodium hydroxide (NaOH) of incubation of such samples, reduce DO tosuch strength that the quantity or reagent saturation at 20*C by bringing sample to 
does not dilute the sample by more than about 20"C in partially filled bottle while
0.5%. The pH of seeded dilution witer agitating by vigorous shaking or by aershould not be affected by the lowest sample ating with clean, filtered compressed air.
dilution. 5) Sample temperature adjustment

2) Samples containing residual chlorine Bring samles to 20 ± VC before making
compounds-If possible, avoid samples dilutions.
containing residual chlorine by sampling 6) Nitrification inhibition-If nitrifica
ahead of chlorination processes. If the sam- tion inhibition is desired add 3 mg 2pIe has been chlorinated but no detectable chloro-6-(trichloro methyl) pyridine 
chlorine residual is present, seed the dilu- (TCMP) to each 300-mL bottle before cap
tion water. If residual chlorine is present, ping or add sufficient amounts to the di.dechlorinate sample and seed the dilution lution water to make a final concentration 
water (I 4f). Do not test chlorinated/de- of 10 mg/L. (NOTE: Pure TCMP may dis
chlorinated samples without seeding the di- solve slowly and can float on top of thelution water. In some samples chlorine will sample. Some commercial formulations 
dissipate within I to 2 h of standing in the dissolve more readily but are not 100%light. This often occurs during sample TCMP; adjust dosage accordingly.) Sam
transport and handling. For samples in pies that may require nitrification inhibi
which chlorine residual does not dissipate tion include, but are not limited to,in a reasonably short time, destroy chlorine biologically treated effluents, samples
residual by adding NaISO, solution. De- seeded with biologically treated effluents,termine required volume of NaSO, solu- and river waters. Note the use of nitrogen
tion on a 100- to 1000-mL portion of inhibition in reporting results. 
neutralized sample b. adding 10 mL of I f Dilution technique. Dilutions that re
+ I acetic acid or I + 50 H2SO,, 10 mL suit in a residual DO of at least I mg/L

potassium iodide (KI) solution (10 g/100 
 and a DO uptake of at least 2 mg/L after
mL), and titrating with NaISO, solution to 5 d incubation produce the most reliable 
the starch-iodine end point for residual. results. Make several dilutions of prepared
Add to neutralized sample the relative vol- sample to obtain DO uptake in this range.
ume of NaISO, solution determined by the Experience with a particular sample will
above test, mix, and after 10 to 20 min permit useofa smallernumberofdilutions. 
check sample for residual chlorine. (NOTE: A more rapid analysis, such as COD, may
Excess Na2SO, exerts an oxygen demand be correlated approximately with BOD andand reacts slowly with serve ascertain organic a guide in selecting dilutions. Inchloramine compounds that may be pres- the absence of prior knowledge, use the 
ent in chlorinated samples). following dilutions: 0.0 to 1.0% for strong3) Samples containing other toxic sub- industrial wastes, 5% forI to raw and
stances--Certain industrial wastes, for ex- settled wastewater, 5 to 25% for biologiample, plating wastes, contain toxic metals. cally treated effluent, and 25 to 100% forSuch samples often require special study polluted river wters. 
and treatment. Prepare dilutions either in graduated cyl4) Samples supersaturated with DO- inders and then transfer to BOD bottles or 



*directly in BOD bottles. Either di- bubbles. For dilutions greater than 1:100method can be combined with any make a primary dilution in a graduated
•asurement technique. The numbervs to be prepared for each dilution cylinder before making final dilution in thebottle. When using titrimetric iodometricon the DO technique and the num- methods for DO measurement, prepare twoeplicates desired, bottles at each dilution. Determine initialusing graduated cylinders to pre. DO on one bottle. Stopper second bottlelutions, and wher seeding is nec- tightly, water-seal, and incubate for 5 d at.Add seed either directly to dilution 20'C. If the membrane electrode method isr to individual cylinders before di- used for DO measurement, prepare onlySeeding of individual cylinders one BOD bottle for each dilution. Deter-declining ratio of seed to sample mine initial DO on this bottle and replaceising dilutions are made. When di. any displaced contents with dilution waterire prepared directly in BOD bot- to fill the bottle. Stopper tightly, water-seal.
when seeding is necessary, add seed and incubate for 5 d at 20C. Rinse DOto dilution water or directly to the electrode betweenlo dtion reae inordutecyl-h determinations to pr-D,vent cross-contamination of samples. 

. eba 
-ties.vetlutions prepared in graduated cy- cos -co tag. Determinationinaionofsamof initial DO:le.If theIf the azide modification of the ti- sample contains materials that react rap.iodometric method (Section 4500 . idly with DO, determ ine initial DOused, carefully siphon im-dilution mediately after filling BCD bottle withaded diluted sample. If rapid initial DO uptake 

if necessary, into a Il- to 2-

y graduated cylinder. Fill cyin
fullwitoutentainnguantity of carefully mixed sampleir.Add ispeangdltoinsignificant, the period betweenpreparing dilution antimemesrgiiilm/L(4).ndtheticand measuring initial. to cappritell mixh salunappropriate level with dilution Dfe wto DO is not critical. f 
ixwell with a plunger-type mixing Use the azide modificationI entraining air. Siphon mixed di metric m ethod (Section 4500-O 

of 
.C) 

the iodo-
or theo two BOD bottles. Determine membrane electrode method (Section 4500-on one of these bottles. Stopper O.G) to determine initial DO on all sampled bottle tightly, water-seal, and dilutions, dilution water blanks, and whereor Sd at 20"C. If the membrane appropriate, seed controls.method is used for DO measure- h. Dilution water blank Use a dilution 

lion dilution mixture into one water blank as ale. Determine initial DO on this rough check on qualityof unseeded dilution water and cleanliness1 replace any displaced contents of incubation bottles. Together with each-le dilution to fill the bottle. Stop- batch of samples incubate a bottle of un-water-seal, and incubate for 5 seeded dilution water. Determine initialand final DO as in s 4 and j. The DOprepared directly in OD aionsuptake should not morebe than,ing a wide-tip volumetric pipt, 0.2
stred sample volume mg/L and preferably,aredsampe volu to individ- mg/L. not more than 0.2aiyddtow mgL ncsuits
ottles of known capacity. Add . Incubation: Incubate at 2uC ± iC. amounts ofseed material to the 

DOD bottles 
OD bottles containing desired dilutions,or to the dilution seed controls, dilution water blanks, andbottles with enough dilution glucoseglutamic acid checks. Water-seal 

"ill displace all air, leaving no . Determination offinal DO: After 5 d 

U*%. .,A ' f-"r,1.. U, MANU (5 2 
10)/5-Day BOD Test 5. 

incubation determine DO in sample dilu- criteria, proper corrections are difficult aiutions, blanks, and checks as in j 4g. results become questionable. 

5. Calculation 
6. Precision and BiasWhen dilution water is not seeded: There is no measurement for establishin i 

Dia 
bias of the BOD procedure. The glucose

he ckprced in VlchDAD,. mg/L - D, - D, glutamic acid check prescribed info 4c a" 
When dilution water is seeded: 

uation of dilution water quality. seed ecf.
fectiveness, and analytical technique.
Single-laboratory

DOD,, mg/L 
tests using a 300-mgfL= D, - D) - , B )f mixed glucose-glutamic acid solution pro-P vided the following results:'w e 


where: Number or months: 14
Number or mnls: 1 
DO odiluted sample immediately aferpreparation, rag/L, Numberontriplicates: 421Average monthly recovery: 204 mg/L 

ton at 20 C , rag/L ,mple 5 incu- t n a d d 'ti t 
D -DO oatdiluted sample ater dd Averagesaadanmonthly n 10.40 4./decimal oP - volumetric fraction sample In ard devi aton: s04 i/used. ea iv o in to rlaborator ies (andB, - DO of seed control before incubation, each involving 2 to 112 laboratories (andmg/L (1 4, as many analysts and seed sources), S-dB, - DO o seed control after Incubation BOD measurementsm/ were made on syn4) n water samples containing a hi1mix-. 

- ratio of seed in diluted sample to seedin seed control - ture of glucose and glutamic acid(% seed in diluted 7,total concentration range of3.3 to 231inmg/the 
sample)/(% seed in seed control). 

and standard deviation, S',irom theseL.TTheheregressionreg eviationequations for mean value, ,r f, o m te 
If seed material is added directly to sam- studies were:


pIe or to seed control bottles:
 
X - 0.658 (added leve!, rag/L) + 0.280f - (volume orseed in diluted sample)/(vol- mg/L aumeofsed in seed control) 0 a level, m/L) + 0.47mg/L t

Report results as CBOD, if nitrification For the 300-mg/L mixed primary stand-is inhibited. Iard, the average 5-dIf more daD would be 19than one sample dilution meets mg/L with a standard deviation of 30.5the criteria of a residual DO of at least Img/L and mg/L.a DO depletion of at least 2 a. Controi limits: Because of many facmg/L and there is no evidence of toxicity tors affecting BOD tests in multilaboratoryat higher sample concentrations or the ex-istence of an obvious anomaly, average studies and the resulting extreme variabilin the acceptable range. re- ity in test results,as determined one standard deviation,
In these calculations, by interlaboratory tests, isdo not make car- recommendedrections for DO uptake by 

as a control limit for indithe dilution 
water blank 

vidual laboratories. Alternatively, for eachduring incubation. This laboratory,car- establish its control limitsrection is unnecessary if dilution water 
by 

p ;forming a minimum of 25 glucose-glu-
If the dilution water doesmeets the blank criteria stipulatedmeetabove. tamic acid checks ( l 4c) over anot these several weeks period of or months and calculating 
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.nd standard deviation. Use the 2. U.S. ENVIRONMENTAL PROTECTION AGENcY, 

standard deviations as the con- OFFICE OF RESEARCH AND DEVELOPMENT. 
rlor future glucose-glutamic acid 1986. Method-by-Method Statistics from Water 
,mpare calculated control limits Pollution (WP) Laboratory Performance Evl-

uation Studies. Quality Assurance Branch. En-
ngle-laboratory tests presented vironmental Monitoring and Support Lab., 

to interlaboratory results. If con- Cincinnati, Ohio. 
*are outside the range of 198 ± 
..aluate the control limits and in-
%ourceof the problem. If men- 8 Bblrah 
)D for a glucose-glutamic acid 8.The 
,utside the accepted control limit SAWYER, C.N. & L. BRADNZY. 1946. Modemi-
-ct tests made with that seed and zation or the BOD test for determining the 

vater. efficiency or the sewage treatment process,
kin.ane anddetecionlimt Sewage Works J. 18:1113. 
king range and detection limit: RuCHHOFT. C.C.. O.R. PLACAK, J.KACIHMAR & 

ing range isequal to the difference C.E. CALDERT. 1948. Variations inD0D ve-
ge 	 ocity constant osewage dilutions. Ind Eng.
maximum initial DO (7to 9 


I minimum DO residual of C 40:1o90.
tog/ oes. 


1948. The bacteriostatic effectsted by the dilution factor. A lower AegoTT, W.E. 	 ofmethylene blue on the BOD lest. Water Sew. 
limit of 2 mg/L is established by age Works 95.424. 
rement for a minimum DO de- SAWYER. C.N., P. CALLEJAS. M. MOORE &n 

1'2 mg/L. A.Q.Y. ToM. 1950. Primary standards for 
BOD work. Sewage Ind.Wastes 22:26. 

:nces YOUNO. J.C., C.N. McDERMOTT &D. JENKINS. 
1981. Alterations in the BOD procedure for 

W. & J.REsNICK. 1957. Personal the 15th edition ofStandard Methods for the 
,ication with J.C. Young. Water Pol- Examination of Water and Wastewater. i. 
mntrol Plant, Davenport, Iowa. Water Pollut. Contra! Fed. 53:1253. 
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5220 CHEMICAL OXYGEA DEMAND (COD" 


5220 A. Introduction 
lemical oxygen demand (COD) is and control after correlation has been es-

measure of the oxygen equivalent tablished. The dichromate reflux method 
ganic matter content of a sample is preferred over procedures using other 

oxidants because of superior oxidizing abil-,%ceptible to oxidation by a strong 
oxidant. For samples from a spe- ity, applicability to a wide variety of sam-

oxidant. Foredre 
,ce, COD can be related empiri- ples, and ease of manipulation. Oxidation 
IIOD, organic carbon, or organic of most organic compounds is 95 to 100% 
Irhe test is useful for monitoring of the theoretical value. Pyridine and re-

hy Standard Methods Commitee. 195. lated compounds resist oxidation and vol

atile organic compounds are oxidized only 	 mg/L, as long as a 10:1 ratio of HgSO.:CI

to the extent that they remain incontact ismaintained. Do not use the test for sam
with the oxidant. Ammonia.present either pes containing more than 2000 mg C-/ 
it the oat. Amoia, resnither pieconing me tn e200e CO 

in the waste or liberated from nitrogen-	 L. Techniques designed to measure COD 
containing organic matter, is not oxidized in saline waters are available.' 
in the absence of significant concentration Nitrite (NO 2-) exerts a COD of 1. Img 
of free chloride ions. O/mg NO--N. Because concentrations of 

NO,- in waters mrely exceed I or 2 mg 
1. Selection of Method 	 NO,--N/L, the interference is considered 

o 	 method (B) is suitable insignificant and usually is ignored. To 
reux eiaopen a significant interference due toeiinat 

for a wide range of wastes where a large NO_, add 10 mg sulfamic acid for each 
sample size is preferred. The closed reflux
methods (C and D) are more economical 	 mg NO3 -N present in the sample volume
in the use of metallic salt reagents, but 	 used; add the same amount of sulfamic acid 

to the reflux vessel containing the distilled 
require homogenization of samples con-	 water blank. 
taining suspended solids to obtain repro- Reduced inorganic species such as fer

ducible results. Ampules and culture tube 	 rous iron, sulfide, manganous manganese,
with 	premeasured reagents are available 
€ommerciaiy. Follow insructions fur- etc., are oxidized quantitatively under the 

test conditions.For samples containing sig
nished by the manufacturer. niti n s orthese species, stoichio-

Determine COD values of > 50 mg o/ metric oxidation can be assumed from 
L by using procedures 5220B.4a, C.4, or ti nid o frme o ation as e 
D.4. Use procedure 5220B.4b to deter- known initial concentration of the inter
mine U se ur to de feric COD 

mine, with lesser accuracy. COD values ng pecivalue obtained.
 
from 5 to 50 mg 0,/L.
 

3. Sampling and Storage
2. Interferences and Limitations 

Preferably collect samples in glass but-
Volatile straight-chain aliphatic com- ties. Test unstable samples without delay. 

pounds are not oxidized to any appreciable If delay before analysis is unavoidable, pre
extent. This failure occurs partly because serve sample by a:idification to pH -2 
volatile organics are present in the vapor using conc I[,S0,. Blend samples contain
space and do not come in contact with the ing settleable solids with ahomogenizer to 

oxidizing liquid. Straight-chain aliphatic permit representative sampling. Make pre
compounds are oxidized more effectively liminary dilutions for wastes containing a 
when silver sulfate (Ag2SO,) is added as a high COD to reduce the error inherent in 

catalyst. However, AgISO, reacts with 	 measuring small sample volumes. 
chloride, bromide, and iodide to produce 
precipitates that are oxidized only partially. 4 References 

the halides can be overcome largely, I. BURNS, E.R. & C. MARSHALL 1965. Correc
thehnot completely, by complexing with ion for chloride interference in the coemical 

e est.mercuric sulfate (HgSO) before the re-

fluxing procedure. Although 1 g HgSO is 2. Fed 37:1716.
 

AlhuhIgHgD s2AUMANN, FlI. 1974. Dichtomate refitax chem
specified for 50 mL sample, a lesser amount ical oxygen demand: A proposed method for 
may be used where sample chloride con- chloride correction in highly saline waters. 
centration is known to be iess than 2000 Anal Chem. 46:1336. 

http:5220B.4b
http:5220B.4a
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5220 B. Open Reflux Method•3eneral Discussion iution may be purchased alreadyPraile Motintmaebeourchsedilreayppared.r 	 pre-

Principle.Most types of organic mat- d Standardferrous ammonium sulfate 
omicand sulfuric acids. A sample is (FAS) titrant, approximately 0.25M: Dis-xedinand s ampl is solve 98 g Fe(NH,)1(SO,6H,0 in dis-.wn excess of potassium dichromate tilled water. Add 20 mL cone H2SO,, cool,excessAf) potasium eminingdih o and dilute to 1000 mL. Standardize thiseduced KACrO is titrated with ferrous solution daily against standard KCrO, so-nonium sulfate to determine the lution as follows: 

,unt of KCrfO consumed and the ox- Dilute 10.0 mL standard K2Cr2O, toable organic matter is calculated in about 100 mL. Add 	 cone30 mL HISO,ableorgnc mteivcal culeatei and cool. Titrate witho FAS titrant usingIent wIsofoxgeivlme an reti sof 0.10 to 0.15 mL (2 to 3 drops):ent weights, volumes, and strengths dicator. rroin in-
,ant when sample volumes bther than dicato 
- L are used. The standard 2-h refux Molanty or FAS solution 


shortererioed ieithbee smen
re-denser
""_solution________d,_mshorter period yields the same re- Volume .O417MKirt, O, _ 

uolution tirato,Npparatus 	 mL X 0.25 

:Lflux apparctus, consisting of 500- or 
Volume FAS used in tilration. ml. -K 

e. Mercuric sulfate, HgSO, crystals or*mL erlenmeyer flasks with ground- powder.S24/4O nek* and 300-mm jacket Lie- f Sulfamic acid: Required only if theWest, or equivalent condenser "with interference of nitrites is to be eliminated40 ground-gass joint, and a hot plate (see 5220A.2 above).

Ig sufficient power to produce at least 
 g. Potassium hydrogen phthalate
W/cm2 of heating surface, or equiva- (KHP) standard: Lightly crush and thendry potassium hydrogen phthalate 
;eagents 	 (HOOCC.H 4COOK) to constant weight at120*C. Dissolve 425 mg in distilled water 
Standardpotassium dichromate solu- and dilute to 1000 mL. KHP has a theo-0.0417M: Dissolve 12.259 g K2Cr3O,0.041M. 	 retical COD' of 1.176 mg Os/mg and thissnDissolvae,12.259slg dried solution has a theoretical COD of 500 / g 
ary standard grade, previously dried O,/mL. This solution, is stable when re-
e3"C for 2 h, in distilled water and frigerated for up to 3 months in the absence
Sulfuric acid reagent: Ada ALSO4, of visible biological growth,

ent or technical grade, crystals or pow- 4 Procedure 

to conc H2S04 at the rate of 5.5 g
"O4/kg H2SO,. Let stand I to 2 d to a. Treatment of samples with COD of,lye AgSO. >50 mg 01/L" Place 50.0 mL sample (forFerroin indicator solution: samples with COD of > 900mg O/L, useDissolve 

5 g 1,10-phenanthroline monohydrate smaller sample portion diluted to 50.0 mL)t)95 mg FeSO 4.7HO in distilled water in a 500-mL refluxing flask. Add I g
dilute to 100 mL. This indicator so- HgSO4., several glass beads, and very slowly5.000. 	 add 5.0 mL sulfuric acid reagent, with mix-
"g 2360, 914 , or equivalent. :GFS Chemical Co.. Coiumbus, Oho. 

CHEMICAL OXYGEN (52 20)1Open Reflux Method 	 5-..
DEMAND 

ing to dissolv. HgSO,. Cool while mixing of 10:1, HgSO:C-, using the amountto avoid posible loss of volatile materials. CI - present in the original volume of' aAdd 25-0 mL 0.0417M KCr2O, solution pie. Carry a blank reagent through t 
and mix. Attach flask to condenser and same procedure. This technique has thea 

turn on cooling water. Add remaining sul- vantage of concentrating the sample witfuric acid reagent (70 mL) through open out significant losses of easily digestend of condenser. Continue swirling and volatile materials. Hard-to-digest volatimixing while adding the sulfuric acid re- materials such as volatile acids are lost, bagent. CAUTION: Mix reflux mixture thor- an improvement overis gained ordinaloughly before applying heat topreent local evaporative concentration methods.heating offlask bottom and apossible blow. c. Determination of standard soludtoout offlask contents. Evaluate the technique and qutlity of rCover open end of condenser with a agents by conducting the test on astandazsmall beaker to prevent foreign material potassium hydrogen phthalate solution.from entering refluxing mixture and reflux
for 2 h. Cool and wash down condenser 5. Calculation
 
with distilled water. Disconnect reflux con

and dilute mixture to about twice 
to 	 (A - B) x Mits volume with distilled water. Cool COD amml Oe/L "= mL sampleXN00X 

room temperature and titrate excess
 
2CrO, with FAS, using 0.10 to 0.15 mL where:
 

(2 to 3 drops) ferroin indicator. Although A = 
mL FAS used for blank.the quantity of ferroin indicator is not crit- B mL FAS used for sample, andical, use the same volume for all titrations. M molarity of FAS.
 
Take as the end point of the titration the 

= 


first sharp color change from blue-green to 6. Precision and BiaS

reddish brown. The blue-green may reap-
 A set of synthetic samples contaninpear. In the same manner, reflux and titrate potassium hydrogen phthalate and Ha( ia blank containing the reagents and a vol- was tested by 74 laboratories. At a COIume of distilled water equal to that of sam-pie. 	 of 200 mg 0,/L in the absence of chloridethe standard deviation was ! 13 mg/ 

b.,AlternateprocedureforIow-CODsam. (coefficient of variation, 6.5%).ple." Follow (I)procedure of 1 4a, with two 	
A CO 

exceptions: use standard 0.00417M of 160 mg O/L and 100 	mg C-VL, th
14 mg/L (oe

K2 CrO, and (it) titrate 'vith 0.025M FAS. ficient of variation, 10.8%).Exercise extreme care with this procedure

because even a trace of organic matter on 
 7. Reference cause gross errors. If a further increase in I. PITWF.LL, L.R. 1983. Standard COD. C/s.
sensitivity is required, concentrate a larger Brt1907
volume of sample before digesting under

reflux as follows: 
 Add all reagents to a blographysample larger than 50 mL and reduce total MOORE, WA, RC. KXoNR& CC. RucHopivolume to 150 mL by boiling in the re- 1949. Dichromate refux method for denfluxing flask open to the atmosphere with- mination or oxygen consumed. Ana. Cher 
out theout the coden atteathecondenser wite i.953.attached. Compute MED ..l 9or Tst forortraces or ornraaslenort. 
amount of HgSO4 to be added (before con-centration) on 	 mater inwater. AnaL Chem. 23:1318.the basis of a weight ratio Moxo=. W.A.. F J. LUDzACK & C.C. RUCHO4n 

http:PITWF.LL
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Determination or oxygen-consumed "Doas, R.A. & R.T. WILLIAMS. 1963. Elimina.of organic wastes. Anal. Chem. tion or chloride interference in the chemical 
7. 	 oxygen demand test. Anal Chem. 35:1064. 

5220 C. Closed Reflux, Titrimetric Method 
al Discussion 
•ple: See 5220B.la. 

rferences and limitations: SeeVolatile organic compounds are 
Vlte orgnidednt clpnsepletely oxidized in the closed sys-
.se of longer contact with the ox-
tre each use inspect culture-tube 
breaks in the TFE liner. Select 
hc size for the degree of sensitiv-
I. Use the 25- x 150-mm tube 
•Swith low COD content because 

olume sample can be treated. 

Itus 

,lion vessels Preferably use bo-
:ulture tubes, 16- X 100-mm, 20. 
n,or 5- X 150-mm,with TFE-
w caps. Alternatively, use boro-
,pules, 10-mL capacity, 19- to 20-

:ig block, cast aluminum, 45 to 
cp, with holes sized for clos, fit 
tubes or ampules. 
heater oroyen, to operate at 150 
)TE: Severe damage of most cul-

closures from oven digestion in-
,potential source of contamina-
,icreases the probability of leak-
it oven for culture-tube digestion 
it has been determined that 2 h 

-it 150*C will not damage the 

le sealer: Use only a mechanical 
isure strong, consistent seals. 

its 

'zrd potassium dichromate diges. 
in, 0.0167M: Add to about 500 
'dwater 4.913 g KCrO,, pri-

mary standard grade, previously dried at 
03C for 2 h, 167 mL conc HISO, and 

33.3 g HgSO. Dissolve, cool to room ter-perature, and dilute to 1000 mL. 
b. Sulfuric acid reagent:20 .b See Section 

5220B.3b. 
c. Ferroi, indicatorsolution: See Section 

52208.3c. 
d. Standard ferrous ammonium sulfate 

titrant (FAS). approximately 0.10M: Dis-
solve 39.2 g Fe(NH) 2(SO.)4 .6H,0 in dis-

tilled water.Add 20 mL cone HIzSO,,cool,
and dilute to 1000 mL.Standardize solu-
tion daily against standard KICrO, diges-
tion solution as follows:Add reagents according to Table 5220:1 
to a culture tube containing the correct 
volume of distilled water substituted for 
sample. Cool tube to room temperature and 
add 0.05 to 0.10 mL (I to 2 drops) ferroin 
indicator and titrate with FAS titrant. 

Molarity of FAS solution 

Volume 0.0167M K5CrO, 
solutiontitrated,rnL 

Volume FAS used in titration. mL ) 0.10 

e. Su 'A...,,ic acid: See Section 5220B.3f 
f.Potassium hydrogen phthalate stand-

ard: See Section 522 0B.3g. 

4. 	Procedure 
Wash culture tubes and caps with 20% 

H2SO before first use to prevent contam-
ination. Refer to Table 5220:1 for proper
sample and reagent volumes. Place sample
in cu!t're tube or ampule and add digestion 
solution. Carefully run sulfuric acid re-
agent down inside of vessel so an acid layer 

CHEMICAL OXYGEN DEMAND (5220)/Closed Rellux. Coloimotn Method 

TABLE 5220:1. SAMPLE AND REAGENT QUANTITIES FOR VARIOUS DIGESTION VESSELS 

Digestion S!ulfuric Acid Total Final 
Digestion Sample Solution Reagent Volume 

Vessel mL 
Culture tubes:16 X 100 mm 2 5 

20 x 150 mm 5.0 
25 x 150 mm 10.0 

Standard l0-mL
ampules 2.5 

is formed under the sample-digestion so-
lution layer. Tightly cap tubes or seal am-
pules, and invert each several times to mix 
completely. CAUTION: Wear face shield
and protect handsfrom heat produced when 

contents of vessels are mixed. Mix thor-
aughly before applying heat to prevent localheating of vessel bottom and possible explo
siP reaction. 

Place tubes or ampules in block digester 
or oven preheated to 150C and reflux for 
2 h. Cool to room temperature and place 
vessels in test tube rack. Remove culture 
tube caps and add small TFE-covered mag-
netic stirring bar. If ampules are used,
transfer contents to a larger container for 
titrating. Add 0.05 to 0.10 mL (I to 2 
drops) ferroin indicator and stir rapidly on 
magnetic stirrer while titrating with 0. IOM 
FAS. The end point is asharp color change 
from blue-green to reddish brown, al-
though the blue-green may reappear within 
minutes. In the same manner reflux and 

mL inL ,nL 

15 3.5 7.5 
3.0 7.0 15.0 
6.0 14.0 30.0 

1.5 3.5 7.5 

titrate a blank containing the reagents and 
a volume of distilled water equal to that of 
the sample. 
5. Calculation 

(A - B) x At x 8000 
COD .,,mg 0./I. ml- aple 

where: 
4 = mL FAS used for blank d 
B = mL FAS usd for sample, and 
M molarily of FAS. 

6. Precision and Blas 
Sixty synthetic samples containing po.

tassium hydrogen phthalate and NaCl were 
tested by six laboratories. At an average 
COD of 195 mg O,/L in the absence o 
chloride, the standard deviation was t 11 
mg O/L (cocflicient of variation, 5.6%). 
At an average COD of 208 mg O,/L and 
100 mg Cl i/L, the standard deviation was 
± 10 mg O,/L (coefficient of variation, 
4.8%). 

5220 D. Closed Reflux, Colorimetric Method 

1. General Discussion consumed is measured against standards at 
a. 	Principle: See Section 522013. Ia. Col- 600 nm with a spectrophotometer.

orimetric reaction vessels are sealed glass b. Interferences and limitations: See Sec
ampules or capped culture tubes. Oxygen tion 5220C. lb. 

http:5220B.3f
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Itus 

ection 5220C.2. 
:rophotometer,for use at 600 no,sopening adapter for ampule or 
,or25-mam tubes. 

nts 
solution: Add to about 500 

led water 10.216 g K2Cr 2O,, pri-
ndard grade, previously dried at 
r 2 h, 167 mL conc HzSO, and 
-SO,.Dissolve, cool to room tern-
and dilute to 1000 mL. 
Uric acid reagent: See 5220B.3b. 

•stio' 


mic acidrSee Section 5220B.3f 

issium hydrogen phthalate stand-

Section 5220B.3g. 

duro 

atment ofsample" Measure suit-
ime of sample and reagents into 
ampule as indicated in Table 

'repare, digest, and cool samples
nldone or more standards as di-d 

Section 5220C.4. 
isurement ofdichromare reduction:
oled samples, blank, and stand-

*ral times and allow solids to settle 

tubes or ampules for greater sensitivity; dis-

card scratched or blemished glassware.
 
c.Preparationof calibration curve: Pre

pare at least five standards from potassium
hydrogen phthalate solutior with COD
hdoe pthatsoui.wthCD5310
equivalents from 20 to 900 j.gO/L. Make 
up to volume with distilled water; use same 
reagent volumes, tube, or ampule size, andreagnt olues,szeandolet 
digestion procedure as for samples. Prepare 

calibration curve for each new lot of tubes 

or ampules or when standards prepared in 

14a differ by > 5% from calibration curve. 

5 Calculation 


d mg 0, in 	final volume X IOW 
mL sample 

6. Precision and Bias 

Forty-eight synthetic samples containing 

potassium hydrogen phthalate and NaCi 

were tested by five laboratories. At an av-

erage COD of 193 mg O/L in the absence 

of chloride, the standard deviation was 


o 17 mg O/L (coefficient of variation 

8.7%). At an average COD of 212 mg Oj/ 
L and 100 mg CI1/L, the standard devia-
tion was ± 20 mg O,/L (coefficient of var-

iation, 9.6%).easrin asoranc.7 isldgeso-Biligrahyeacheasuring absorbance. Dislodge sol- 7. Bibliography 

adhere to container wall by gentle JIRKA, A.M. & M.J. CARTER. 1975. Micro semi-
Alid settling. Insert unopened tube automated analysis of surface and waste-

ile through access door into light waters for chemical oxygen demand. Anal, 
Chen. 47:1397. 

spctrophotometer set at 600 nm. itimveuoN, R.R. & MJ.SMITH. 1979. Semi-
sorbance and compare to calibra- micro lube method for chemical oxygen de-
ve. Use optically matched culture mand. Anal. Chern. 51:1085. 

5310 TOTAL ORGANIC CARBON (TOC) 

A. Introduction 

1. General Discussionube orampue 
The organic carbon in water and waste

water iscomposed of a variety or organic 
compounds in various oxidation states. 
Some of these carbon compounds can be 
oxidized further by biological or chemical 
processes, and the biochemical oxygen de-
mand (BOD) and chemical oxygen demand 
(COD) may be used to characterize these 
fractions. The presence of organic carbon 
that does not respond to either the 1OD 
or COD test makes them unsuitable for the 

measurement of total organic carbon. Total 

organic carbon (TOC) is amore convenient 
and direct expression of total organic con-
tent than either BOD or COD, but does 
not provide the same kind of information.se'dsovdCO;ttlognccroIf a repeatable empirical relationship is es- dissolved CO2; total organic carbon 

methods utilize heat and oxygen, ultravi
irradiation, chemical oxidants, or com

binations of thee oxidant: to convert
 
organic carbon to carbon dioxide (COW. 
The CO2 may be measured directly by a 
nondispersive infrared analyzer, it may be 

reduced to methane and measured with a 
flame ionization detector, or CO2 may be 
titrated chemically. 

2. Fractions of Total Carbon
The methods and instruments used in 

measuring TOC analyze fractions of total
 

carbon (TC) and measure TOC by two or 
more determinations. These fractions of to
tal carbon are defined as: inorganic carbon 
(IC)-the carbonate, bicarbonate, and 

tablished between TOC and BOD or COD, 
then TOC can be used to estimate the ac-
companying BOD or COD. This relation-

ship must be established independently forset of matrix conditions, such as var-ious points in a treatment process. Unlike 

iOD oi in a tretmntpen like 
BOD or COD, TOC is independent of the 
oxidation state of the organic matter and 
does not measure other organically bound 
elements, such as nitrogen and hydrogen,
and inorganics that can 	contribute to the 

nd 
oxygen demand measured by BOD and 
COD. TOC measurement does not replace 
BOD and COD testing. 

To determine the quantity of organically 
bound carbon, the organic molecules must 
be broken down to single -arbon units and 
converted to a single molecular form that 
can be measured quantitatively TOC 

mit,-Approved by SIji.,rdiMt,,h, c',,C.. PIS. 

(TOC)-all carbon atoms covalently 
bonded in organ~ic molecules; dissolved or

nic carbon (DOC)-the frction of TOC 

that passes through a 0.45-jAm-pore-diamfilter; nondissolved organic carbonfite;NDO-- so reeed 	ogani aronat 

(NDOC)-also refherred to as particulate 
organic carbon, the fraction of TOC re
tained by a 0.45-pim filter; purgeable or
ganic carbon (POC)-also referred to as
 

ganic carbonC referedto a 
volatile organic carbon, the fraction of 
TOC removed from an aqueous solution 
by gas stripping under specifid conditions; 
and nonpurgeable organic carbon 
(Nl'OC)-the rractior of TOC not re
moved by gas stripping. 

In most water samples, the IC fraction 
is many times greater than the TOC frac
tion. Eliminating or compensating for IC 
inictrfereees rquires multiple dctermina

tions to measure true TOC. IC interference 
can hc enhminaied by acidifying samples to 
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.MPULES OR TWIST-TUBE VIALS
 

1. 	 Preheat a laboratory oven or reactor to 150 degrees Celsius.
 

2. 	 Unseal a COD ampule by snapping the top colorbreak or remove the
 
cap from a COD twist-tube.
 

3. 	 Carefully add 2.5 mls of sample down the side of the vessel such
 
that it forms a layer on top of the reagents.
 

4. 	 Carefully flame-seal the ampule or replace the twist-tube cap.
 

5. 	 Thoroughly mix the contents of the s.aled vessel by shaking.
 

6. 	 Process standards and blanks exactly as the samples.
 

7. 	 Place the vessel in an oven or reactor capable of maintaining 150 
degrees celcius + 2 degrees for 2 hourG. 

8. 	 Remove vessels from the oven or reactor and allow to cool.
 

9. 	 Allow any suspended precipitate to settle and wipe the outside of
 
the vessel clean.
 

10. 	 Use method 10A. for standard range reagent (20-900 mg/i COD) or
 
use method 10B. for low range reagent (5-50mg/i COD).
 

A. 	 Set the wavelength of the spectrophotometar to 600 nm, and
 
using a procedural blank, zero the absorbance :edding.
 

B. 	 Use the highest standard (50mg/i COD) to set the
 
spectrophotometer to zero absorbance at 440 nm.
 

11. 	 Read the absorbance of each standard and sai,ple on the
 
spectrophotometer.
 

12. 	 Prepare a graphic calibration curve by plotting the absgrbance of

the standards versus their known concentrations. Compare sample
 
abs6rbances to the graphic calibration curve to determine COD
 
concentrations.
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PART IL GENERAL OPERATIONS
 

Section A Sample Collection, 

Collection, preservation and storage of 

water samples are critical to the results of
 
water quality analyses. The data are only as
 
"validas the water sample. 

A sampling program must be planned to 

satisfy the objectives of the study yet remain
 
within the limitations of available manpower, 

time and money. The survey should use the 

minimum number of samples that adequately 

represent the effluernt or body of water from 

which they are taken. The number of samples 

and location oi sampling sites should be deter-

mined prior to the survey and must satisfy the 

requirements needed to establish water qual-

fty standard or effluent permit violations.
 

The microbiologist should participate in 
the planning which specifies the microbiologi
cal tests needed, the number of analyses to be 
performed, and the equipment required. Con
sideration should be given to the weather and 
bther local conditions prior to the formulation 
of a final plan. For example, seasonal varia
tions in water temperature and flows would be 
important factors in deciding when to study 
the effects of thermal pollution on bacteria. 
Sample collectors must know the exact loca-
tion of the sampling sites and be fully trained 
In the aseptic technique of sample collection 
as well as the use of any specialized sampling 
equipment. The sample collector is responsi-
hle for the recording of all pertinent informa-
tion about the sample that might be significant 
in the evaluation and interpretation of the 
laboratory data or that might be necessary in 
potential enforcement action. 

Preservation and Storage 

This Section is organized as follows: 

1. 	 Sample Containers 

2. 	 Sampling Techniqies 

Composite Sampling 
Surface Sampling by Hand 
Surface Sampling by 
Weighted Bottle Frame 
Depth Sampling 
Soil Sampling 
Sediment Sampling 
Water Tap Sampling 

3. 	 Sample Identification and 
Handling 

4. 	 Chain of Custody Procedures 

5. 	 Selection of Sampling Sites and 
Frequency 

Potable Water Supplies 
Lakes and Impoundments 
Stream Sampling 
Marine and Estiiarine 
Sampling 
Domestic and Industrial 
Waste Discharges 
Recreational Waters 
Shellfish-Harvesting Waters 
Frequency of Sampling 

6. 	 Preservation and Transit of 
Samples 

SAMPLING TECHNIQUES 5 



1. Sample Containers 

1.1 Sample Bottles: Bottles must be resis-

tant to sterilizing conditions and the solvent 

action of water. Wide-mouth borosilicate glass 

bottles with screw-cap or ground-glass stopper 

or heat-resistant plastic bottles may be used 

if they can be sterilized without producing toxic 

materials (see suggested sample containers in 
Figure II-A-1). Screw-caps must not produce 

uponbecteriostatic or nutritive compounds 
sterilization, 

1.2 Selection and Cleansing of Bottles: 
Sample bottles should be at least 125 ml vol-
ume for adequate sampling and for good mixing. 

Bottles of 250 ml, 500 ml and 1000 ml volume 

are often used for multiple analyses. Discard 
bottles which have chips, cracks, and etched 
surfaces. Bottle closures must be water-tight. 
Before use, thoroughly cleanse bottles and 

closures with detergent and hot water, fol-
lowed by a hot water rinse to remove all trace 
of detergent. Then rinse them three times with 
laboratory-pure water (11-B,6). A test for the 

biological examination of glassware where 
,)acteriostatic or inhibitory residues may 

be present, is described in Part IV-A, 5.1. 

1.3 Dechlorinating Agent: The agent 
must be placed in the bottle when water and 
wastewater samples containing residual chlo-

rine are anticipated. Add sodium thiosulfate to 
the bottle before sterilization at a concentration 
of 0.1 ml of a 10 percent solution for each 
125 ml (4 oz.) sample volume (1). This concen-
tration will neutralize approximately 15 mg/I 
of residue chlorine. 

1.4 Chelating Agent: A chelating agent 
should be added to sample bottles used to 

collect samples suspected of containing 

>0.01 mg/liter concentrations of heavy metals 

suchbi; copper, nickel or zinc, etc. Add 0.3 
ml of i 15 percent solution of ethyldhbdia-
minetetraacetic acid (EDTA) tetrasodiiti salt, 

for each 125 ml (4 oz.) sample volume prior to 

steriliztion (2, 3). 

1.5 Wrapping Bottles: Protect the tops 

and necks of glass stoppered bottles from 

contamination by covering them before sterili

zation with aluminum foil or kraft paper. 

1.6 Steriliz.ion of Bottles: Autoclave 

glass or heat-resistant plastic bottles at 121 C 
for 15 minutes. Alternatively, dry glassware 

may be sterilized in a hot air oven at 170 C for 
not less than two hours. Ethylene oxide gas 
sterilization is acceptable for plastic containers 
that are not heat-resistant. Sample bottles 
sterilized by gas should be stored overnight 
before being used to allow the last traces of 
gas to dissipate. See Part lI-B, 3 for steriliza
tion procedures. 

1.7 Plastic Bags: The commercially
available bags (Whirl-pak) are a practical sub
stitute for plastic or glass sample bottles in 
sampling soil or sediment. See Figure Il-A-1. 
The bags are sealed in manufacture and opened 

only at time of sampling. The manufacturer 
states that such bags are sterilized. 

2. Sampling Techniques 

Samples are collected by hand or with a 
sampling device if (1) depth samples are re
quired or (2) the sampling site has difficult 
access such as a manhole, dock, bridge or 

bank adjacent to a surface water. 

2.1 Chlorinated Samples: When samples, 

such as treated waters, chlorinated wastewa
ters or recreational waters, are collected, the 

sample bottle must contain a dechlorinating 
agent (see this Section, 1.3). 

2.2 Composite Sampling:' In no case 

should 	a composite sampie be collecied for 
Data from indibacteriological examination. 

vidual samples show a range of values. A com
posite sample will not display this range.'Indi

vidual results will give information about in

dustrial process variations in flow and 'Cbmpo
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FIGURE II-A-1. 

A 

B 

C 

Suggested Sample Containers 

Screw-cap Glass or Plastic Bottle. 

Plastic Bag (Whirl-pak). 

Glass Stoppered Bottle. 
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sition. Also, one or more portions that make up 	 samples from lakes, reservoirs, estuaries and 

the oceans. These depth samplers require low
a composite sample may contain toxic or nutri-

ering the sampling device and/or container to
tive materials and cause erroneous results. 

the desired depth, then opening, filling, and 

closing the container and returning the device
2.3 Surface Sampling by Hand: 	A grab 

to the surface. Although depth measurements
sample is obtained using a sample bottle pre-

are best made with a pre-marked steel cable,
pared as described in 1. above. 	Identify the 

the sample depths can be determined by pre
sampling site on a chain of custody tag if 

measuring and marking the nylon rope at inter
required, or on the bottle label and on a field 

log sheet (see 3). Remove the bottle covering 	 vals with a non-smearing ink, paint, or finger

and closure and protect from contamination, 	 nail polish. The following list of depth sam

piers is not inclusive but can serve as a guide:
Grasp the bottle at the base with one hand and 

plunge the bottle mouth down into the waterto 2.5.1 ZoBeli J-Z Sampler: This sampler 
dsreb ZoBell in 1941 ()ws signedavoid introducing surface scum. 	Position the in 1941 (4) was designed 

mouth of the bottle into the current away from described by ZoBell 
the hand of the collector and away from th~e for deep sea sampling but is also used in fresh 

clletor way 	 showsthete andof nd romCie waters. 	 Figure II-A-4 its general .ap
side of the sampling platform or boat (see waesFiuelA-shsitgnrla-
Figure -A-2). The sampling depth should be pearance. It has a metal frame (A), a heavy

FigueTe 1-A-2.saplig deth houl be metal messenger (B), a sealed glass tube (C) 

15 to 30 cm (6 to 12 inches) below the water mtal messenger b), a d aster(C) 

surface. If the water body is static, an artificial ath to a bbte (D) a asile 
direction it is pointed and 350 mlblasrubber or 	 nebulb for shallow waters. Thehorizontally in the 	 prene bole allas 

messenger (B) is released at the surface when 
current can be created, by moving the bottle 

away from the sampler. Tip the bottle slightly 	 the sampler reaches the 'desired depth, and 

upwards to allow air to exit and the bottle to 	 breaks the glass tubing (C) at a file mark. The 

fill.After removal of the bottle from the stream, 	 beak theg tubing () t ailenmark. The
saple o alow bent rubber tubing (D) then straightens out andorton o 

pour out a small portion of the sample to allow the water is drawn in several inches from the 
vacuum created by duto

pourouta smll th 

an air space of 2.5 to 5 cm (1 to 2 inches) sampler. A partial 


above each sample for proper mixing of the claving of the sealed unit draws the water into
 

sample before analyses. Tightly stopper and the bottle.
 

label the bottle.
 
2.5.2 Niskin Sampler: This is sometimes 

2.4 Surface Sampling by Weighted Bot-	 called a sterile-bag or "Book" sampler (see 

tie 	Frame: When sampling from a bridge or Figure II-A-5) (5). A messenger triggers the 

or body of opening of two plates (A) in V-fashion by springother structure above a stream 
power, and causes the sterile plastic bag (B)towater, the sample collector places the bottle in 

a weighted frame (see Figure 11-A-3) that holds inflate. At the same time a plastic filler tube (C) 
the plastic container is cut by athe bottle securely. Remove cover and lower leading to 

the device to the water. It is preferable to use guillotine knife (D)and the bag fills with water. 

nylon rope which does not absorb water and The bag is then automatically sealed with a 

will not rot. Face the bottle mouth upstream.y clamp (E)and the apparatus is brought to the 

first down-. surface. Samplers are available that will holdswinging the sampling device 
1,2, 3, or 5 liters of water. stream, and then allow it to drop into the water, 

without slack in the rope. Pull the sample de
2.5.3 New York Dept. of Health Depth

rapidly upstream and out of the Water,'vice 
Sampler: This device (see Figure II-A-6) de

thus simulating the scooping motion of grab 
pends upon a vane (A) and lever (B) mechanism

sampling described in 2.3. Take 	care not to 
to lift the glass stopper (C) as water inertia is 

dislodge dirt or other material that might fall 

into the open bottle from the sampling applied by a sharp upward tug on the line (D) 

attached to the apparatus. As the stopper is 
platform. 

lifted, the bottle fills before the detachment of -
occurs and closes

2.5 	Depth Sampling: Several additional the stopper from the vane 

the sample bottle (6).


devices are needed for collection of -depth 
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FIGURE II-A.2. Demonstration of Technique Used in Grab Sampling of Surface Waters. 
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FIGURE II-A-3. Weighted Bottle Frame and Sample Bottle for Grab Sampling. 
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FIGURE II-A-4. Zobell J-Z Sampler. (A) metal frame, (B)messenger, (C)glass tube, 
(D)rubber tube and (E).sterile sample bottle. 
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FIGURE I.A-6. New York State Dept. of Health Depth Sampler: (A)vane, (B1)Iever 

Inclosed position, (B32) lever in open position, (C1) glass stopper in 
cl'osed 'posit-ion, (C2) glass stopper in open positi.on, (D)suspension 
line, and (E)metal frame. 
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2.5.4 Kemmerer Sampler (7): This depth
sampler (see Figure II-A-7) has been used with. 
out sterilization to collect bacteriological 
water samples in high pollution areas. The 
sampler consists of a cylindrical brass or plas-
tic tube (F) that contains a rubber, stopper or 
valve at either end (D and G). The valves are 
connected to a rod (E)that passes through the 
center of the cylinder. The device is lowered 
into the water in the open position, and a water 
sample is trapped in the cylinder when the 
valves are closed by a dropped messenger (B).
The Kemmerer sampler should not be used for 
collecting bacteriological samples without ob-
taining data that support its use without 
sterilization, 

2.0 Sediment Sampling with Van 
DonselGeldreich Sampler (8): This device 
(see Figure II-A-8) collects.sediment or mud in 
sterile "Whirl-Pak" plastic bags (A) down to 60 
foot depth. The bag mouth is wrapped over 
a nosepiece (B), and the bag is kept closed 
during descent to the bottom by a bag clamp 
bar (H). As the mud plate (D) contacts the bat-
tom, the nosepiece (B) is driven into the sedi-
ment by the weight (C)of the sampler. As the 
nosepiece (B) moves downward, the bag (A) 
slides through the bag clamp bar (H), opens,
and fills with sediment. The bag is sealed when 
the double noose (F)tied to the bottom of the 
bag is pulled, before the apparatus is returned 
to the surface. 

2.7 Water Tap Sampling: Make certain
 
that samples are not collected from spigots 

that leak around their stems, or from spigots 

that contain aeration devices or screens within 

the faucet. For samples taken from direct water 

main connections, the spigot should be flushed 

for 2-3 minutes to clear the service line. For 
wells equipped with hand or mechanical 
pumps, pump the water to waste for five miti
utes before the sample is collected. Remove 
the cap aseptically from the sample bottle. Hold 
the sample bottle upright near the base while it. 
is being filled. Avoid splashing. Do not rinse the 
bottle with the sample; fill it directly to within 
2.5 cm (1 inch) from the top. Replace bottle 
closure and hood covering.- Caution must be 
used to prevent contaminating the sample Wvth 

finger, gloves or other materials. If the well 
does not have pumping machinery, collect the 
sample using a weighted sterilized sample 
bottle, such as described in 2.4 above, and 
shown in Figure 1I-A-3. Care must be taken to 
avoid contaminating the sample with the sur
face scum from the water surface. 

2.8 Soil Sampling 

2.8.1 Selection of the sampling site is 
based on knowledge of the area and the pur
poses of the analyses, i.e., surface sampling for 
natural background, surface contamination, or 
below surface sampling to monitor treatment 
effect such as irrigation, or stormwater runoff. 

The actual sites for sampling and the num
ber of points to be sampled must be prdeter
mined by the survey objectives. Soil sampling 
has the advantage of permitting the survey 
planners to lay out a stable grid network for 

sampling and resampling over a given time 
period. 

2.8.2 If a surface sample is desired, scrape 
the top one inch of soil from a square foot area 
using a sterile scoop or spoon. 

If a subsurface sample is desired, use a 

strile o o inch o refo a e foo 
surface of one inch or more from a one foot 
square area. Use a second sterile scoop or
 
spoon to take the sample.
 

Place samplings in a sterile one quart 
screw-cap bottle until it is full. Depending on 
the amount of moisture, a one quart bottle 
holds 300-800 grams of soil. Label and tag 
the bottle carefully and store at 4 C until 
analyzed.. 

3. Sample Identification and Handling 

3.1 Specific details on sample identifica
tion are entered on a permanent label. Take 
care in transcribing sampling information to 
the label, because the enforcement action may 
depend upon evidence of primary labeling. 
See 4. in This Section. Labels must be'clean, 
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FIGURE II-A-7. Kemmererbepth Sampler. (A) nylon line, (B)messenger, (Cl.catch set so 
that the sampler is open, (D)top rubber valve, (E)connecting rod between 
the valves,(F)tube body, (G)bottom rubber valve, (H)knot at the bottom of 
the suspension line and (I)rubber tubing attached to the spring loaded 
check valve. 
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FIGURE II-A-8. Van Donsel-Geldreich Sediment Sampler. (A)sterile "'Whirl-Pak"plastic 
bag, (B)nose piece, (C)weight, (D)mud plate, (E)slide bar, (F) part of the 
double noose, (G)attachment for the susliension line and (H)bag clamp 
bar. 
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waterproof, non-smearing and of sufficient 
size for the necessary information. Label must 
be securely attached to the sample bottle, but 
removable when necessary. Do not accept in-
sufficiently or improperly labeled samples for 
examination. A sample label showing the mini-
mum information required is pictured in Figure
ll-A.9. 

3.2 Field Data Record: A field record 
should be completed on each sample to record 
the full details on sampling and other pertinent 
remarks such as flooding, rain or extreme tem-
perature which are relevant to interpretation of 
results. This record also provides a back-up 
record of sample identification. One example 
is shown in Figure II-A-I 0. 

3.3 Marking Device: A marking pen or 
other device must be non-smearing if wetted, 
and maintain a permanent legible mark. 

3.4 Transport Container: Insulated ice 
containers in which the sample can be held, arerecommended. 

3.5 Storage of Samples: A refrigerator is 
necessary for storage of samples at the labora-
tory. The temperature range of the refrigeratoris 1-4 C.' 

4. Chain of Custody Procedures 

4.1 General: An agency must demon-
strate the reliability of its evidence in pollution 
cases by proving the chain of possession and 
custody of samples which are offered for evi-
dence or which form the basis of analytical 
results introduced into evidence. It is impera-
tive that the office and laboratory prepare writ-
ten procedures to be followed whenever evi-
dence samples are collected, transferred, 
stored, analyzed, or destroyed. 

4.1.1 The primary objective*of these pro-
cedures is to create an accurate wr'itten record 
which can be used to trace the possession of 
the sample from the moment of its collection 
through its introduction into evidence. A sam-
pie is in custody if it is: 

(a) in actual physical possession, or 

(b) in view after being in physical posses
sion, or 

(c) in physical possession and locked up so 
that no one could tamper with it. 

4.1.2 Personnel should receive copies of 
study plans and know the contents prior to the 
study. A pre-study briefing shall be held to 
appraise participants of the objectives, sample
locations and chain of custody procedures. 
After chain of custody samples are collected, a 
de-briefing is held in the field to determine 
adherence to chain of custody procedures and 
whether additional samples are required. 

4.2 Riles for Sample Collection 

4.2.1 Handle the samples as little as 
possible. 

4.2.2 Obtain stream and effluent samplesusing standard microbiological samplingtechniques. 

4.2.3 Attach sample tag or label (Figure 
lI-A- 9 to the sample container. The tag orlabel should contain as a minimum: serialnumber of label, location, date andtime taken, 
type of sample, sequence number (first sample 
of the day - sequence No. 1, second sample,
sequence No. 2, etc), analyses required and 
sample collector. The tags must be filled out
 
legibly in waterproof ink.
 

4.2.4 Use a bound notebook to record
 
field measurements and other pertinent
 
information necessary to refresh the sampler's
 
memory if the person later becomes a witness 
In an enforcment proceeding. A separate set of 
field notebooks should be maintained for each 
study and stored in a safe place where it can 
be protected and accounted for. A sample log 
sheet with a standard' format should be
established to minimize field. entries and 
include the date, time, survey,type of samples, 
volume of each sample, type of analyses, 
label and sample numbers, sample location, 
field measurements such as temperature, 
conductivity, DO, pH, and any other pertinent 
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EPA, NATIONAL ENFORCEMENT INVESTIGATIONS CENTER 
Station No. IDate ITime Sequence No. 

Station Location _ Grab 

Comp. 
__Metals. RemarkslPreservative,to% BOD 

Solids Oil and Grease 

S _ COD D.O.
 

__Nutrients Bad.
 

j Other
 
-I 

,- Sampler* 

FIGURE Il-A-9.Example of a Sample Label. 

SERIAL SHEEt NO. 
Samplers : 

FIELD DATA RECORD 

SAMPLE OATE OF TIME (HS)
NUMER 'hau. U -€ REMARKSSTATION LETIO SAMPLE SA €,,' pH TEMP* OTHER 

US EPA, NEIC-Donver 

-FIGURE II-A-1O. Field Data Record. 
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information or observation (Figure II-A-1 1). The 
entrlers should be signbd by the sample 
collector. The responsibility for preparing and 
storing sample notebooks during and after a 
study should be assigned to a study 
coordinator, or his designated representative, 

4.2.5 A field collector is responsible for 
the-samples collected until properly dis-
patched to the receiving laboratory or turned 
over to an assigned custodan. He must assure 
that each container is in h1s physical posses-
sion or in his view at all times, or stored in a 
locked place where no one can tamper with it. 

4.2.6 Color slides or photographs should 
be taken of the sample location and any visible 
Wbvter pollution. Thd signature of the photo-
grapher, time, date, and site location must be 
writtep on the back of the photo. Such photo- 
graphs should be handled according to the 
established chain of custody procedures to 
prevent alteration. 

4.3 Transfer-of Custody and Shipment 

In transfer of custody procedures, each 
custodian of samples must sign, record and 
date the transfer. Most regulatory agencies 
develop chain of custody procedures tailored 
to their needs. These procedures may vary in 
format and language but contain the same 
essential elements. Historically, sample trans-
fer under chain of custody has been on a 
sample by sample basis which is awkward and 
time-consuming. However, EPA's National En-
forcement Investigation Center (NEIC), Derver 
has set a precedent with its bulk transfer of 
sa'mples. Bulk transfer is speedier, reduces 
paperwork and the number of sample custodi
ans. The following description of chain of cus-
tody is essentially that of NEIC-Denver (9). 

4.3.1 Samples must be accompanied by a 
Chain of Custody Record which includes the 
name of the study, collector's 'signature, sta-
tion number, station location,-date, time, type 
of sample, sequence number, number of con-
tainers and analyses required (Figure II-A-12). 
When turning over the possession of samples, 
the transferor and transferee sign; date and 
note time on the sheet.. This record sheet al-

lows transfer of custody of agroup of samples 
in the field, to the m6bile laboratory or to the 
NEIC-Denver laboratory. When a custodian 
transfers aportion of the samples identified on 
the sheet to the field mobile laboratory, the 
individual samples must be noted in the col
umn with the signature of the person relin
quishing the samples. The field laboratory per
son receiving the samples acknowledges re
ceipt by signing in the appropriate column. 

4.3.2 If a custodian has not been 
assigned, the field custodian or field sampler 
has the responsibility for packaging and 
dispatching samples to the laboratory for 
analysis. The "Dispatch" portion of the Chain 
of Custody Record must be filled out, dated, 
and signed. 

4.3.3 Samples must be carofully packed in 
shipment containers such as ice. chests, to 
avoid breakage. The shipping containers are 
padlocked for shipment to the receiving 
laboratory. 

4.3.4 Packages must be accompanied by 
the Chain of Custody Record showing 
identification of the contents. The original 
must accompany the shipment. A copy is 
retained by the survey coordinator. 

4.3.5 If samples are delivered to the 
laboratory when appropriate personnel are not 
there to receive them, the samples must be 
locked in a designated area within the 
laboratory so that no one can tamper with 
them. This same person must return to the 
laboratory, unlock the samples and deliver 
custody to the appropriate custodian. 

4.4 Laboratory Custody Prdcedures 

4.4.1 The laboratory shall designate a 
"sample custodian." and an alternate to act in 
his absence. In addition, the laboratory shall 
-set aside as a "sample storage security area", 
an isolated room with sufficient refrigerator 
space, which can be locked or just a locked 
refrigerator in smaller laboratories. 

4.4.2 Samples should be-handled by the 
minimum possible number-of persons, 
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o SERIAL SHEET NO. 

FOR, 

TYPE OF SAMPLE SAMPLERS: fsigo,ret 

SURVEY, PHASE , DATE 

A N A L Y S E S R E Q U I R E D 

0 '. 

STATION
NUMBER STATION DESCRIPTION 

2 z 

_ _ _ _ _ _ 

t, 

_ _ 

PRESERVATIVE 

_ _ _ _ _:__ _ _ 

z u 

%A 

.. . . 
z 

W-

NA 
j 

• - _ _ _ _ _ 

_ 

_ 

_ _ _ _ 

_ 

_ _ 

_ 

_ II 

- - . - - - - - - - I 

--

REMARKS 

FIUR III Sml ogSet 

i|

"F.idMoasuremenbz US EPA. NEtC-Denvef 

FIGURE II-A-i1. Sample Log Sheet. 



SERIAL SHEET NO., 

ENVIRONMENTAL PROTECTION AGENCY 
Office Of Enforcement 
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FIGURE I-A-1 2. Chain of Custody Record. 
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4.4.3 Incoming samples shall be received., 
only by the custodian, who will indicate receipt 
by signing the Chain of Custody Record Sheet 
accompanying the samples and retaining the 
sheet as a permanent record. Couriers picking 
up samples at the airport, post office, etc. shall 
sign jointly with the laboratory custodian. 

4.4.4 Immediately upon receipt, the custo-
dian places samples in the sample room, 
which will be locked at all times except when 
samples are removed or replaced by the custo-
dian. To the maximum extent possible, only the 
custodian should be permitted in the sample 
room. 

4.4.5 The custodian shall ensure that
 
microbiological samples are properly stored
 
and maintained at 1-4 C. 


4.4.6 Only the custodian will distribute
 
samples to personnel who are to perform tests. 


4.4.7 The analyst records information in 
his laboratory notebook or analytical work-
sheet, describing the sample, the procedures 
performed and the results of the testing. The 
notes shall be dated and indicate who per
formed the tests. The notes shall be retained 
as a permanent record in ihe laboratory and 
should include any abnormalities which oc-
curred during the testing procedure. In the 
event that the person who performed the tests 
is not available as a witness at time of trial, 
the government may be able to introduce the 
notes in evidence under the Federal Business 
Records Act. 

4.4.8 Standard methods of laboratory 
analyses shall be used as described in the 
"Guidelines Establishing Test Procedures for 
Analysis of Pollutants," (10) and amendments. 
If laboratory personnel deviate from standard 
procedures, they should be prepared to justify 
their decision during cross-examination. 

4.4.9 Laboratory personnel are responsi-
ble for the care and custody of asample once it 
is handed over to them and should be pre-
pared to testify that the sample was in their 
possession and view or secured in the labora-
tory at all times from the moment it was 

received from the custodian until the tests 
were run. 

4.4.10 Once the sample testing is com
pleted, microbiological samples can be dis
carded but identifying tags and laboratory 
record should be returned to the custodian. 
Other documentation of work will also be 
given to the custodian. 

4.4.11 Tags and laboratory records of 
tests may be destroyed only upon the order of 
the Laboratory Director, who will first confer 
with the Chief, Enforcement Specialist Office, 
to make certain that the information is no 
longer required. 

5. Selection of Sampling Sites and 
Frequency 

These will be described for potable and 
recreational waters, streams, lakes, reservoirs, 
estuarine, and marine waters as well as do
mestic and industrial wastewaters. 

5.1 Potable Water Supplies 

An expanded program to maintain the san
itary quality of potable water supplies has 
been recently established by the National In
terim Primary Drinking Water Regulations(11). 
The sampling program includes examination 
of water as it enters and flows throughout the 
distribution system. Forapplication of the EPA 
Drinking Water Standards, the frequencyof 
sampling and the location of sampling points 
are established jointly by the utility, the 
Reporting Agency, and the Certifying 
Authority. Additionally, the laboratory, the 
methods of, analyses, and the technical 
competence of personnel must be inspected 
and approved .by the Reporting Agency and 
the Certifying Authority. 

5.1.1 Sampling Water Supplies: Figure II. 
A-13 shows how reservoirs and lakes used as 
water supplies are sampled: (A)at inlets, (B) at 
other possible sources of pollution, (C) at the 
draw-off point, (D) at quarter point intervals 
around the draw-off point at about the same 
depth and (E)at the reservoir outlet. 
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FIGURE II-A-I 3. Sampling aWater Supply Reservoir. (A) influent stream, (B)possible 
agricultural contamination, (C)water plant intake, (D)multi-point 
sampling around intake and (E)reservoir outlet. 
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5.1.2 Sampling Treatment Systems: Sam-
pling should be representative of the distribu-
tion system and include sites such as munici-
pal buildings, public schools, airports and 
parks, hydrants, restaurants, theaters, gas sta-
tions, industrial plants and private residences. 
A systematic coverage of such points in the 
distribution system should insure the detec-
tion of contamination from breaks in water-
lines, loss of pressure or crossconnections. 
The sampling program should also include 
special sampling locations such as dead-end 
distribution lines that are sources of bacterial 
contamination (12), 

5.1.3 Sample Frequency: The minimum 
number of samples which must be collected 
and examined each month is based upon the 
population density served by the distribution 
system (Table Il-A-1). Samples should be col-
lected at evenly spaced time intervals through-
out the month. In the event of an unsatisfactory 
sample, repetitive samples must be collected 
until two consecutive samples yield satisfac-
tory quality water. Repetitive samples from any 
single point or special purpose samples must 
not be counted in the overall total of monthly 
samples. 

5.1.4 Standard Sample: The standards for 
microbiological quality are based upon the 
number of organisms allowable in a standard 
sample. A standard sample for the membrane. 
filter technique is at least 100 ml. For the MPN 
test, a standard sample consists of five stan-
dard portions ofeither 10 ml or 100 ml. 

5.2 Lakes and Imp~oundments 

Figure II-A-14 shows the range of sam-
pling points in a recreational impoundment or 
lake: (A) inlets, (B)source of pollution, (C)grid or 
transect across the long axis of the water body, 
(D)bathing beach and (E)outlet. 

5.3 Stream Sampling 

The objectives of the initial survey dictate 
the location, frequency and number of sam-
pies to be collected. 

5.3.1 Selection of Sampling Sites: A 
typical stream sampling program includes 
sampling locations upstream of the area of 
concern, upstream and downstream of waste 
discharges, upstream and downstream from 
tributary entrances to the river and upstream 
of the mouth of the tributary. For more 
complex situations, where several waste 
discharges are involved, sampling includes 
sites upstream and downstream from the 
combined discharge area and samples taken 
directly from each industrial or municipal 
waste discharge. Using available 
bacteriological, chemical and discharge rate. 
data, the contribution of each pollution source 
can be determined. See Figure II-A-14 and 
II-A-15. 

5.3.2 Small Streams: Small streams 
should be sampled at background stations 
upstream of the pollution sources and at 
stations downstream from pollution sources. 
Additional sampling sites should be located 
downstream to delineate the zones of 
pollution. Avoid sampling areas where 
stagnation may occur (backwater of a 
tributary) and areas located near the inside 
bank of a curve in the stream which may not be 
representative of the main channel. 

5.3.3 Large Streams and Rivers: Large 
streams are usually not well mixed laterally for 
long distances downstream from the pollution 
sources. Sampling sites below point source 
pollution should be established to provide 
desired downstream travel time and dispersal 
as determined by flow rate measurements. 
Particular care must be taken to establish the 
proper sampling points as shown in FigurelI-A
15: Sampling point (A) is the upper reach control 
station, (B) monitors a non-point source of 
pollution, (C)samples the waste discharge as it 
enters the stream, (D) shows quarter-point 
sampling below the pollution to detect chan
neling, (D) also sorves as an upstream monitor 
on the tributary measured as (E), and (F)moni
tors the downstream effect of the tributary 
after mixing. Occasionally, depth samples 
are necessary to determine vertical mixing 
patterns. 
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TABLE 1I-A-1 

Sampling Frequency for Drinking Waters Based on Population 

Minimum number ofMinimum number of 
Population served: samples per month Population served: samples per month 

25 to 1,000 ............................................. 1 90.001 to 96.000 .................................. 95
 
1.001 to 2.500 ..................................... :. 2 96.001 to 111,000 .............................. 100
 
2,501 to 3,300 ....................................... 3 111.001 to 130,000......................... 110
 
3.301 to 4.100 ....................................... 4 430,001 to 160,000............................ 120
 
4.101 to 4.900 ...................................... 5 160.001 to 190,000 ............................ 130
 
4,901 to 5,800 ....................................... 6 190.001 to 220,000............................ 140
 
5,801 to 6,700 ....................................... 7 220.001 to 250.000............................ 150
 
6.701 to 7.600 ................. 8 250.001 to 290,000........... 160
 
7.601 to 8,500 ....................................... 9 290,001 to 320,000 ............................ 170
 
8.501 to 9.400 ....................................... 10 320.001 to 360,000 ............................ 180
 
9.401 to 10,300 .................................... 11 360.001 to 410,000 ............................ 190
 
10.301 to 11.100 .................................. 12 410.001 to 450,000 ............................ 200
 
11.101 to 12,000 .................................. 13 450.001 to 500,000 ............................ 210
 
12.001 to 12,900 .................................. 14 500.001 to 550,000 ............................ 220
 
12.901 to 13,700 .................................. 15 550,001 to 600,000 ............................ 230
 
13,701 to 14,600 .................................. 16 600,001 to 660,000 ............................ 240
 
14,601 to 15,500 .................................. 17 660,001 to 720,000 ............................ 250
 
15.501 to 16,300 .................................. 18 720,001 to 780,000............................ 260
 
16.301 to 17,200 .................................. 19 780,001 to 840,000 ............................ 270
 
17,201 to 18.100 .................................. 20 840.001 to 910,000 ............................ 280
 
18,101 to 18.900 .................................. 21 910,001 to 970,000 ............................. 290
 
18,901 to 19,800 .................................. 22 970.001 to 1.050,000 ........................ 300
 
19,801 to 20,700 .................................. 23 1.050,001 to 1,140,000 .................... 310
 
20,701 to 21,500 .................................. 24 1,140,001 to 1,230,000 .................... 320
 
21,501 to 22,300 .................................. 25 1,230,001 to 1,320,000 .................... 330
 
22.301 to 23,200 .................................. 26 1,320,001 to 1,420,000 .................... 340
 
23,201 to 24,000 .................................. 27 1,420,001 to 1,520,000 .................... 350
 
24,001 to 24.900 .................................. 28 1.520,001 to 1,630,000 .................... 360
 
24.901 to 25,000 .................................. 29 1.630,001 to 1,730,000 .................... 370
 
25.001 to 28.000 .............. 30 1,730,001 to 1.850,000 ........ 380
 
28.001 to 33,000 .................................. 35 1,850.001 to 1.970,000 .................... 390
 
33.001 to 37,000 .................................. 40 1,970.001 to 2,060.000 .................... 400
 
37.000 to 41.000 .......................... *....... 45 2,060.001 to 2,270,000 .................... 410
 
41,001 to 46,000 .................................. 50 2,270,001 to 2,510,000 .................... 420
 
46,001 to 50.000 .................................. 55 2,510,001 to 2,750,000 .................... 430
 
50,001 to 54,000 .................................. 60 2,750,001 to 3,020,000 .................... 440
 
54.001 to 59.000 .................................. 65 3,020,001 to 3,320,000 .................... 450
 
59.001 to 64,000.................................. 70 3,320,001 to 3,620,000 .................... 460
 
64.001 to 70,000.................................. 75 3,620,001 to 3,960.000 .................... 470
 
70.001 to 76,000.................................. 80 3,960,001 to 4,310.000 .................... 480
 
76,001 to 83.000 .................................. 85 4,310,001 to 4,690,000 .................... 490
 
83,001 to 90,000 .................................. 90 4,690,001 or more ............................... 500
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FIGURE II-A-1 4. Sampling a Lake or Impoundment. (A) inlets, (B)potential source 

of pollution, (B1)village, (B2)agricultural run-off, (B3)home septic 

tank, (C)multi-point transect, (D)bathing beach and (E)outlet above 
and below dam. 
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FIGURE II-A-1 5. Sampling a Large Stream. (A) control station, (B) agricultural pollution, 
(C)industrial discharge, (D)quarterpoint transect (E)tributary, and 

(F)downstream monitoring. 
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5.4 Marine and Estuarine Sampling 

Sampling marine and estuarine waters 
requires the consideration of other factors in 
addition to those usually recognized in fresh 
water sampling. They include tidal cycles, 
current patterns, bottom currents and counter-
currents, stratification, seasonal fluctuations, 
dispersion of dischargessamplings. and multi-depth 

The frequency of sampling varies with the 
objectives. When a sampling program is 
started, it may be necessary to sample every 
hour around the clock to establish pollutional
loads and dispersion patterns. The sewage 
discharges may occur continuously or 
intermittently, 

When the sampling strategy for a survey is 
planned, data may be available from previous
hydrological studies done by Coast Guard, 
Corps of Engineers, National Oceanic and 
Atmospheric Administration (NOAA), U.S. 
Geological Survey, or university and private
research investigations. In a survey, float 
studies and dye studies are often carried out to 
determine surface and undercurrents. Initially
depth samples are taken on the bottom and at 
five feet increments between surface and 
bottom. A random grid pattern for selecting 
sampling sites is established statistically. 

5.4.1 Marine Sampling: In ocean studies,

the environmental conditions are most diverse 

along the coast where shore, atmosphere and 

the surf are strong influences. The shallow 

coastal waters are particularly susceptible to 

daily fluctuations in temperature and seasonal 

changes. 

Sampling during the entire tidal cycle or 
during a half cycle may be required. Many 
ocean studies such as sampling over the conti-
nental shelf involve huge areas and no two 
areas ofwaterare the same. 

Selection of sampling sites and depths are 
most critical in marine waters. In winter, cool-
ing of coastal waters can result in water layers 
which approach 0 C. In summer, the shallow 
waters warm much faster.tban the deeper 

waters. Despite the higher temperature, oxy
gen concentrations are higher in shallow than 
in deeper waters due to greater water move
ment, surf action and photosynthetic activity 
from macrophytes and the plankton. 

Moving from the shallow waters to the 
intermediate depths, one observes a modera
tion of these shallow water characteristics. In 
the deeper waters, there is a marked stablization of conditions. Water temperatures are 

lower and more stable. There is limited turbu
lence, little penetration of light, sparse vegeta
tion and the ocean floor is covered with a layer
of silts and sediments. 

5.4.2 Estuarine Sampling: When a survey
is made on an estuary, samples are often taken 
from a boat, usually making an end to end 
traverse of the estuary. Another method involves taking samples throughout a tidal cycle, 
every hour or two hours from a bridge or from 
an anchored boat at a nunmber of fixed points. 

In a large bay or estuary where many 
square miles of area are involved, a grid or 
series of stations may be necessary. Two sets 
of samples are usually taken from an area on a 
given day, one at ebb or flood slack water, and 
the other three hours earlier, or later, at the half 
tidal interval. Sampling is scheduled so that 
the mid-sampling time of each run coincides 
with the calculated occurrence of the tidal 

condition. 

In locating sampling sites, one must con
sider points at which tributary waters enter the 
main stream or estuary, location of shellfish 
beds and bathing beaches. The sampling sta
tions can be adjusted as data accumulate. For 
example, if a series of stations half mile apart 
consistently show similar values, some of
these stations may be dropped and other sta
tions added in areas where data shows more 
variability. 

Considerable stratification can occur be
tween the salt water from the sea and the fresh 
water supplied by a river. It is essential when 
starting a survey of ar unknown estuary to find 
out whether there is any marked stratification. 
This can be done by chloride determinations at 
different locations and depths. It is possible for 
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stratification to occur in one part of an estuary 
and not in another. 

On a.flood tide, the more dense salt water 
pushing up into the less dense fresh river 
water will cause an overlapping with the fresh 
water flowing on top. A phenomenon called a 
salt water wedgo can form. As a result, stratifi-
cation occurs. If the discharge of pollution is in 
the salt water layer, the contamination will be 
concentrated near the bottom at the flood tide. 
The flow or velocity of the fresh water will 
influence the degree of stratification which 
occurs. If one is sampling only at the surface, it 
is possible that the data will not show the 
polluted underflowing water which was con-
taminated at a point below the fresh water 
river. Therefore, where stratification is sus-
pected, samples at different depths will be 
needed to measure vertical distribution, 

5.5 Domestic and Industrial Waste 
Discharges 

It is often necessary to sample secondary 
and tertiary wastes from municipal waste 
treatment plants and various industrial waste 
treatment operations. In situations where the 
plant treatment efficiency varies considerably, 
grab samples are collected around the clock at 
selected intervals for a three to five day period,
If it is known that the process displays little 
variation, fewer samples are needed. In no 

case should a composite sample be collected 

for bacteriological examination. The 
 NPDES 
has established wastewater treatment plant 

effluent limits for all dischargers. These are
 
often based on maximum and mean values. A 
sufficient number of samples must be col-
lected to satisfy the permit and/or to provide 
ctatistically sound data and give a fair-repre-
sentation of the bacteriological quality of the 
discharge. 

5.6 Recreational Waters 

5.6.1 Bathing Beaches: Sampling sites at 
bathing beaches or other recreational areas 
should include upstream or peripheral areas 
and locations adjacent to natural drains that 
would dischargQ stormwater, or run-off areas 
draining septic wastes from restaurants, boat 

marinas, or garbage collection areas (12). 
Samples of bathing beach water should be 
collected at locations and times of heaviest 
use. Daily sampling, preferably in the after
noon, is the optimum frequency during the 
season. Weekends and holidays which are pe
riods of highest use must be included in the 
sampling program. Samples of estuarine bath
ing waters should be obtained at high tide, ebb 
tide and low tide in order to determine the 
cyclic water quality and deterioration that 
must be monitored during the swimming 
season. 

5.6.2 Swimming Pools: Swimming pool 
water should be monitored at least daily dur
ing maximum use periods, preferably at the 
overflow. It is important to test swimming pool 
samples for neutralization of residual chlorine 
at pool side to assure that the dechlorinating 
agent was effective. 

5.7 Shellfish-Harvesting Waters 

Water overlying shellfish-harvesting areas 
should be sampled during periods of most 
unfavorable hydrographic conditions, usually 
at low tide after heavy precipitation. However, 
shellfish beds are sometimes exposed during 
low tide and must be sampled during other 
tidal conditions. Procedures for sampling of 
shellfish and water in shellfish growing areas 
are governed by the National Shellfish Sanita
tion Program's Manual of Operations (13). 

5.8 Frequency of Sampling 

The frequency of sampling depends upon 
the type of pollution that is to be measured. 
Cyclic pollution and its duration are measured 
as f;equently as practical immediately down. 
stream from the source. Uniform pollution 
loads are measured at greater distances down
stream from the source and at less frequent 
time intervals than cyclic pollution. Climatic 
and tidal conditions must be considered, in 
marine and estuarine sampling. A common 
approach for short-term studies is to collect 
samples from each site daily and advance the 
sampling intervals one hour during each 24. 
hour period to obtain data for a 7-10 day 
study. 
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Often the numbers of samples tc. be 
collected are specified by NPDES permits, 
drinking water regulations, or by state 
requirements. Some standards require a 
minimum number of samples to be collected 
each month. Other standards are less explicit 
and simply indicate that the geometric mean 
coliform density shall not exceed a certain 
level each month, with no more than 10%,. 
20%, etc. of samples exceeding a certain 
value. Where the number of samples required 
is undetermined, a sufficient number should 
be collected to measure the variations in 
stream conditions. 

6. Preservation and Transit of Samples 

The adherence to sample preservation and 
holding time limits is critical to the production 
of valid data. Samples exceeding these limits 
should not be analyzed. The following rules 
must be observed. 

6.1 Storage Temperature and Handling 
Conditions 

Bacteriological samples should be iced or 
refrigerated at a temperature of 1-4 C during 
transit to the laboratory. Insulated containers 
are preferable to assure proper maintenance 
of storage temperature. Care should be taken 
that sample bottles are not totaily immersed in 
water during transit or storage. 

6.2 Holding Time Limitations 

Although samples should be examined as 
soon as possible aftdr collection, they should 

not be held longer than six hours between 
collection and initiation of analyses (14). This 
limit is applied to fresh waters, seawaters and 
shellfish-bed waters. The exception is water 
supply samples mailed in from water treat
ment systems. Current regulations permit 
these samples to be held up to 30 hours. 

6.2.1 Despite the establishment of a six 
hour limit, sewage sampler, organically-rich 
wastes and marine waters are particularly 
susceptible to rapid increases or die-away and 
hence should be held for the shortest time 
possible to minimize change. 

6.2.2 Temporary Field Laboratories: In sit
uations where it is impossible to meet the six 
hour maximum holding time between collec
tion and processing of samples, the use of 
temporary field laboratories located near the 
collection site should be considered. 

6.2.3 Delayed Incubation Procedure: If 

sampling and transit conditions require more 
than six hours, and the use of field laboratories 
is impossible, the delayed incubation proce
dure for total and fecal coliforms and fecal 
streptococci should be considered. 

6.2.4 Public Transportation: Occasionally, 
commercial forms of transit such as airlines, 
buslines or couriers can be used to transport 
samples contained in ice chests to the labora
tory. These should be considered only when 
storage time and temperature requirements 
and the proper disposition of the samples can 
be assured. 
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PART II. GENERAL OPERATIONS
 

Section B Laboratory Equipment, Techniques and Media
 

Most equipment and supplies described in 
This Manual are available in well-equipped 
bacteriology laboratories. Other items specific 
for the membrane filter or multiple-tube dilu-
tion methods are used only in water laborator- 
ies. This Section describes the required equip-
ment, media and preparation techniques used 
in the laboratory or in the field. The contents 
include: 

1. 	 Equipment and Supplies 

2. 	 Cleaning Glassware 

3. 	 Sterilization 

4. 	 Preparation and Use of 

Culture Media 


5. 	 Media Composition 

General Use Mdia 
MF Media for Coliforms 
MPN Media for Coliforms 
Media for Fecal Streptococci 
Media for Salmonellaand 

OtherEnterics 
Medium for Actinomycetes 

6. 	 Laboratory Pure Water 

7. 	 Dilution Watr 

1. Equipment and Supplies 

1.1 Inoculating Needles and Loops: 
Needles and loops of nichrome, platinum or 
platinum-iridium wire are used to transfer 
microbes aseptically from one growth medium 
to another. A 24-26 gauge nichrome wire is 
recommended. The loop diameter should be at 
least 3 mm. They are sterilized by heating to 
redness in a gas flame or in an electric 
incinerator. Resterilization is not required for 
replicate transfers of the same bacteria or 
bacteria-containing materials to a sterile 
medium. Sterile, disposable hardwood 
applicator sticks or plastic loops can be used 
to inoculate fermentation tubes. 

1.2 Plastic petri dishes (50 x 12mm) with 
tight-fitting lids are preferred for MF proce
dures because they retain humidity and are 
more practical for use in plastic bags sub
mersed in a water bath incubator. Petri dishes 
(60 x 15 mm) with loose-fitting lids can be used 
in incubators with controlled humidity or in 
plastic boxes with tight covers, containing 
moist towels. 

1.3 Incubators: Incubators are constant 
temperature air chambers or water baths 
which provide controlled temperature environ
ment for microbiological tests. The incubator 
must control temperature within specified 

tolerance limits of the tests. The air typeincubator can be water-jacketed, a dry air unit 

or viaminum block equipped with thermostat
controlled heating units that maintain 35 C + 
0.5 C.. Overcrowding of incubators with plates
and tubes must be avoided, because this will 
interfere with the constancy of the desired 
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temperature. Water bath aluminumor block 
type incubators used in fecal coliform tests 
must control the incubation temperature of 
44.5 C±0.2 C.Covers are required. An accurate 
thermometer in the water bath monitors tern-
perature. Recording thermometers are recom-
mended for use in the water baths. 

1.4 Colony Counter: A standard counting
device equivalent to the Quebec Colony Counter 
that provides good visibility and magnification 
of at least 1.5 diameters on a non-glare ruled
guide plate is recommended. 

1.5 pH Equipment: ElectrometricpH meter 
must be accurate to at least 0.1 pH unit. 

1.6 Balances: For routine weighing of 
media and reagents, use asingle pan top loader 
balance having a sensitivity of 0.1 gram at a 
load of 150 grams. For weighings of less than 2 
grams, use a four place analyticai balance 
having a sensitivity of 1 mg at a load of 10 
grams. 

1.7 Media Preparation Utensils: Use suit-
able non.corrosive utensils of plastic, glass,
stainless steel, or non-chipped enamel. Utensils 
must be-chemically clean before use to prevent 
contamination of media with chemicals such as 
chlorine, copper, zinc, chromium and de
tergents. 

1.8 Pipets and Graduated Cylinders 

1.8.1 Pipets: Because transfer pipets are an 

important element in any microbiological 

method, they must be properly used. If mouth-

pipetting is practiced for non-polluted waters, 

pipets should be cotton-plugged for safety. 
Blow-out pipets are not to be used. 

The major types of transfer pipets (non-
volumetric) used in the laboratory are based 
on the method of draining: 

(a)To Contain (TC) Pipets: Pipets calibrated 
to hold or contain the exact amount soecified 
by the calibration. Pipet must be completely
emptied to provide the stated volume. Ex-
amples: Transfer *Micro and Dual Purpose
Pipets. 

(b) To Deliver (I") Pipets Pipets designed 
to release the exact calibrated amount when 
the pipet tip is held vertically against the re
ceiving vessel wall until draining-stops. Exam
pies: bacteriological, Mohr, serological, and 
volumetric pipets. 

To Contain and To Deliver pipets are indic
ated by the letters TC or TD marked respec
tively on the neck with other calibration 
information. 

(c) Blow-Out Pipets: These pipets are in
tended for rapid use in serology and are emp
tied by forceful blow-out. Because the blow
out action always produces an aerosol such 
pipets should never be used In the microbiol
ogy laboratory. The pipets do not deliver the 
calibrated amount until they are completely 
emptied. 

Blow-Out pipets are marked with a double 
band etching or fired-in marking on the neck. 

(d)Dual Purpose Pipets: A new pipet which 
combines three calibrations. The pipet has an 
upper graduation mark which is the To Deliver 
and Blow-Out line, alower graduation which is 
the To Contain line, and carries the double 
band for Blow-Out. 

For microbiological analyses, only bacteri
ological, serological or Mohr pipets are recom
mended for use in the To Deliver (TD) mode. 
Dual purpose or serological pipets which must
be used as blow-out pipets, are not recom
mended for microbiology because of the dan
ger of infection through aerosol and the possi
ble mix-up of TD, TC and blow-out type pipets
with subsequent misuse and improper 
delivery. 

(e) Pipet Standards/Specifications: There 
are several tolerance specifications used to 
characterize measuring pipets. . The analyst 
should be aware of thes limits. When accu
racy ot measurements is critical, use only pi
pets within the following Class A limits: 

NBS Specification for Mohr Measuring Pi
pets, Class A Volume Tolerances Circular 602 
and Federal Specification NNN-P-350 
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Capacity/Grad (ml) 

1/10 in 1/100 
2/10in 1/100
1 in 1/100 
1 in 1/ 10 
2 in 1/10 
5 in 1/10 
10 in 1/10 
25 in 1/10 

Tolerance (ml) 

±0.0025 
±0.004
±0.01 
±0.01 
±0.01 
±0.02 
±0.03 
±0.05 

For routine use, the following tolerances 
are acceptable: 

APHA Specification, Bacteriological Pipets 

Capacity/Grad (ml) Tolerance (,l) 

1 in 1 
1.1 in 
2.2 in 
11 

1.1, 
2.2, 
1 

1.0 
2.1 

±0.025 
±0.025 
±0.040 
±0.10 

USPHS Specification, Bacteriological Pipets 
for Water Analyses 

Capacity/Grad (ml) Tolerance (ml) 

11 in 11, 10, 1 ±0.06 

1.8.2 Pipetting Devices: Mechanical pipet-
ting devices are recommended for all purposes. 
Although several devices have recently be-
come available, some are not practical for 
water analyses because they are too slow and 

cumbersome. A finger-mounted safety pipet
tor which can be fabricated In the laboratory 
(1, 2) is recommended as the most efficient. It 
can be fitted with a mouthpiece, hand-held 

bulb or attached to a vacuum pump. Figure I-B

1 shows the finger-held model and Figure 1I-B
2 shows an enlargement of the plastic ring 
suction device. 

1.8.3 Graduates: For normal. laboratory 
operationi, graduates are used for measuring 
volumes greater than 10 ml. When extreme 
accuracy is required above 10 ml, volumetric 
pipets up to 200 ml and volumetric flasks from 
10 ml to 6 liters are available. The tolerances 
given below are acceptable for graduates. 

1.9 Pipet Container: Only aluminum, 
stainless steel, pyrex glass or other non
corrosive heat-resistant containers, either cyl

indrical or rectangular in shape, should beused. PipGts magi be also wrapped in kraft 
paper. Copper or copper alloy containers must 
notbe used. 

1.10 Dilution (Milk Dilution) Bottles or 
Tubes: Borosilicate or other non-corrosive 
glass bottles with screw-caps and inert liners. 

1.11 Fermintation Tubes and Vials: The 

fermentation tLt)es should be large enough to 
contain the media and inocula in no more than 
half of the tube depth. There should be suffi
cient media in the outer fermentation tube to 
fill the enclosed inverted vial after sterilization 
and partially submerge it. 

NBS Specification, Tolerance of Graduates, in ml 

NNN-C-940 
Volume Demarcations NBS Class A Type 1 Style 1 

2000 20 
1000 10 
500 5 
250 2 
100 1 
50 1 
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± 10,0 
±5.0 

±1.3 ±2.6 
±0.8 ±1.4 
±0.4 ±0.6 
±0.26 
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FIGURE l.B-1. Finger-Mounted Pipetting Device. 

FIGURE II.B-2. Enlargement of Pipetting 
Device Tip. 
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1.12 Sample Bottles: Sample bottles 
should be borosilicate glass or plastic, resis-
tant to sterilizing conditions and the solvent 
action of water and which do not produce toxic 
substances upon sterilization. Wide-mouth 
ground-glass stopper or screw-cap bottles are 
acceptable. Bottles equipped with screw-caps 
are acceptable provided that bacteriostatic or 
nutritive compounds are not produced from 
caps or liners. Bottles should be at least 125 
ml volume. 

2. Cloaning Glassware 

In microbiology, clean glassware is crucial 
to insure valid results. Previously used or new 
glassware must be thoroughly cleaned with a 
phosphate-free laboratory detergent and hot 
water, then rinsed repeatedly with hot water, 
followed by at least three rinses with labora-
tory pure water. To determine whether the 
detergent used contains inhibitory residues, 
the test procedure for detergent suitability 
should be performed each time a new type
detergent is purchased. See Part IV-A, 5.1. 

3. Sterilization 

Sterilization is the process that eliminates 
living organisms from treated substances or 
objects. Disinfection is the destruction or 
removal of the infectious agents by chemical 
or physical means. Usually chemical agents 
are used as disinfectants (germicide and bac-
tericide are synonymous with the term, disin
fectant). Pasteurization is a form of disinfection 
used for materials which may be altered or 
damaged by excessive heat. Low heit is applied 
once or repeatedly to sensitive liquids to destrov 
vegetative cells. Sterilization can be accom-
plished by moist heat, dry hoat, incineration, 
filtration, radiation or by the use of the chemical 
agent, ethylene oxide. Bo.ttles should have loos-
ened caps for penetration of steam or gas. 

3.1 Moist Heat: The autoclave is used in 
the laboratory for moist heat sterilization. It is 
normally operated at 15 lbs. per sq. in. steani 
pressure for 15 minutes, producing a tempera-
ture inside the autoclave of 121.6 C(250F) at 
sea level. Steam under pressure provides 
effective sterilization since it has good penetra-

tion power and coagulates microbial proto
plasm. The temperature in the autoclave should 
be monitored. The relationship between the 
pressure of steam and the temperature is 
shown in Table Il-B-1. The autoclave is used to 
sterilize solid and liquid media, contaminated 
materials, discarded cultures, glassware of all 
types, filtering units, etc. Pressure cookers and 
vertical autoclaves are not recommended. 

3.2 Dry Heat: The hot-air oven is used to 
sterilize glassware such as petri dishes, pipets, 
sample bottles and flasks, hardwood applicetor 
sticks, and other articles, but not liquids or 
materials which will evaporate or deteriorate. 
Since moisture is not present in the oven, a 
temperature of 165-170 C (329-338 F) is re
quired for a 2 hour period. 

3.3 Incineration: Contaminated materials 
that are combustible may be disposed of by 
burning. This method is also used for steriliz
ing inoculating needles and loops, and flaming 
the lips of test tubes and flasks. 

3.4 Filtration. Filtration is used to sterilize 
liquids that are heat-sensitive. Filters include, 
those composed of: asbestos-cellulose (Seitz 
filter), cellulose esters (0.22 pm MF or molecu
lar filter), unglazed porcelain (Chamberland-
Pasteur filter), or diatomaceous earth (Berkfeld 
filter). Although filters are normally used 
to remove bacteria, porosities small enough 
for the removal of viruses are available. 

3.5 Ultraviolet Radiation: Ultraviolet light 
includes radiations between 150 and 4000 
Angstrom units (A.U.), but radiations less than 
1800 A.U. are absorbed by atmospheric oxy
gen. The greatest killing effect on microorga
nisms occurs at 2600 A.U. Commercitl germi
cidal ultraviolet lamps emit primarily 2537 
A.U. which has 85 percent of the germicidal 
ability of 21300 A.U. Ultraviolet radiation at the 
germicidal wavelongth is used to sterilize labo
ratory equipment such as membrane filter 
units, inoculating rooms, bacteriological 
hoods and glove boxes. See Part IV-A, 4.2, for 
monitoring procedures. 

3.6 Ethylene Oxide Chemical 
Sterilization: Low temperature ethylene oxide 
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TABLE l-l1
 

Relationship of Steam Pressure to Temperature in the Autoclave
 

Pounds of pressure of steam Corresponding Temperature
 
per square inch In Degrees'
 

Celsius Fahrenheit 

0 100.0 212
 

5 108.3 227
 

10 115.5 240
 

15 121.6 .250
 

20 126.6 260
 

25 130.5 267
 

30 134.4 274
 

'Correct at sea level and only if all air is evacuated from the sterilizing chamber since a mixture 
of steam and air at agiven pressure gives a temperature that is less than that of pure steam only. 
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gas steriliration is used to sterilize plastics, 
rubber goods, delicate instruments and other 
materials that would be damaged by the high 
temperature of the steam pressure autoclave. 
Vent sterilized materials according to operating 
instructions, 

4. Preparation and Use of Culture Media 

The preparation of culture media and solu-
tions is a critical aspect of water quality testing. 
In many laboratories media are prepared by 
nonprofessional personnel. If such personnel 
are properly trained and guided, they can 
perform the required tasks efficiently and-
reliably. However, the supervisor should 
monitor media preparation tc maintain quality 
control. Use commercial dehydrated media 
which require only weighing and dissolving of 
the powder in laboratory pure water for prepa-
ration and are much more likely to have uniform 
high quality than media compounded in the 
laboratory. See IV-A, 7.3-7.5 for quality control 
on preparation of media. 

4.1 Supplies of Dehydrated Media: The 
laboratory worker should keep a record of the 
lot numbers of commercial media in use. The 
data of receipt of media and the date of open-
ing should be recorded in the quality control 
log. It is suggested that supplies of dehydrated 
media be purchased for anticipated use over 
the next year. Whenever practical, one-quarter 
pound bottles should be purchased to insure 
minimal exposure of contents to atmosphere. 
When a new lot number of medium is used, the 
contents should be tested for expected per
formance characteristics (see Part IV-A for 
details). Stocks of dehydrated media should be 
stored in a cool, dry place away from sunlight. 

4.2 Rehydration of Media: In this Manual, 
dry ingredients are added to 1 liter (1000 ml) 
of laboratory pure water. However, liquids 
such as ethanol are added to graduate and 
brgught up to volume with laboratory pure 
water. Care must be taken to completely dis-
solve and mix the ingredients before dispensing 
the medium into bottles, tubes or flasks. If 
heat is necessary, it must be applied with cau-
tion and for the shortest possible time. Direct 
heat, boiling water bath and flowing steam are 

used selectively according to the type and 
volume of medium as described below. 

4.2.1 MF Broths and Agars: Small volumes 
of broth are rehydrated in a boiling water bath 
for 5 minutes. Agars and larger volumes of 
broth require direct heating to the first bubble 
of boil. Such heating must be applied with 
stirring and constant attention until agar is 
dissolved. 

4.2.2 Other Broths: Some heat may be 
required to dissolve the ingredients prior to 
autoclaving. Heat can be applied by flame or 
waterbath. 

4.2.3 Other Agars: Heat is required for 
complete solution. For large volumes, direct 
heat will effect solution more rapidly but must 
be applied with stirring and constant attention 
to prevent scorching. 

4.3 Sterilization: Media must be dissolved 
before autoclaving, to insure timing for com
plete sterilization. The specific recommenda
tions for sterilization are described in subsec
tio,1 5, Composition of Media, in This Section. 

The following general recommendations 
can be made: 

Group Sterilization 

MF and Salmonella Heat to boiling only 
Media 

Media Containing Autoclave, cool, 
Blood then add blood 

Litmus Milk and 115 C for 20 
Other Milk-con- minutes 
taining Media (10 lbs. pressure) 

Most Carbohydrate- 118 C for 15 
Containing Media minutes 
for Fermentation (12 lbs. pressure) 

Reactions such as or 
Phenol Red Broth, 121 C for 12 minutes 
Triple Sugar Iron 

Agar 
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Culture media used for the examination of 
MPN, some Salmonella 121 C for water and wastewaters are described sepa-

Media and General 12-15 minutes ratelyfor: 
Use Media such as (15 lbt. pressure)

Trypticase Soy Broth 5.1 General Use Media
 
and Agar, Nutrient 5.2 MF Media for Coliforms
 

Broth and Agar 5.3 MPN Media for Coliforms
 
5.4 Media for Fecal Streptococci 
5.5 Media for Salmonellaand." 

Other Enterics 
As soon as the autoclave pressure has 5.6 Medium for Actinomycetes
 

fallen to zero, the sterilized media should be
 
removed from the autoclave for cooliag before 5.1 General Use Media
 
use or storage. Refrigerated media should be 
allowed to come to room temperature before 5.1.1 Nutrient Agar (Difco 0001-02, BBL 
use. Incubate MPN tubed media overnight and 11471) 
discard tubes showing bubbles. Media that 
have been poured into petri dishes should be 
used on the day of preparation or refrigerated. Use: This medium is used to cultivate pure 
Water loss from evaporation ran hb prevented culture isolates for subsequent gram stain and 
by storing plates in p!astic bags. Plate, should other examinations and for general cultivation 
be stored inverted. See Part IV-A, 7.9 ',or stor- of microorganisms that are not fastidious. 
age limits. 

Composition: 
Autoclaves shotuld be inspected routinely 

to insure proper functioning of pressure Peptone 5.0 g 
gauges and thermometers. The use of com- Beef Extract 3.0 g 
mercially available temperature indicator de- Agar 15.0 g 
vices within the sterilizer (heat-resistant spore 
preparations, chemically-impregnated tapes, 
vials containing chemicals, etc.) is recom- Final pH: 6.8 +.1 

mended to insure sterility (see Part IV-A for 
details). Preparation: Add 23 grams of nutrient 

agar per liter of laboratory pure water and 
mix well. Heat in boiliiig water bath to dissolve 

5. 	Composition of Media the agar completely. Dispense in screw-cap 
tubes, bottles or flasks and sterilize for 16 

The formulas for media used in this Man- minutes at 121 C (15 lbs. pressure). Remove 
ual and for other more commonly-used media tubes and slant. 
are given in detail in this Section. Normally, 
these media should not be prepared from basic 5.1.2 Nutrient Broth (Difco 0003-02, BBL 
ingredients when suitablh commercial media 11478) 
are available. 

Use: General laboratory use for the cultiva-
The catalogue numbers cited are those for tion of non-fastidious microorganisms. 

/ lb. size if available, from the two U.S. manu
facturers whose media were used in most of Composition: 
the method development work. This listing is 
not restrictive; other sources can be utilized if Peptone 5.0 g 
the user confirms that the formulas are the Beef Extract 3.0 g 
same as those cited here and that the media 
produce comparable results. Final pH: 6.8 ± .1 

EQUIPMENT, TECHNIQUES AND MEDIA 39 



5.5.5 Brilliant Green Agar (BBL 11072, Phenol Red 0.08 g 
Difco0285-02) Agar 15.0 g 

Use: As a primary plating medium for the Final pH: 7.4 ± .2
 
isolation of salmonellae.
 

Preparation: Add 45 or 47 grams of XLComposition: 
agar base to I liter of cold laboratory pure 

Yeast Extract 3.0 g water. Heat in a boiling water bath to dissolve 
Polypeptone or Proteose the agar. Prior to sterilization, add 1.25 ml of 

Peptone 10.0 g 1% aqueous brilliant green. Sterilize for 15 
Sodium Chloride 5.0 g minutes at 121 C (15 lbs. pressure). Cool the 
Lactose 10.0 g sterilized medium to about 45-50 C and add 
Saccharose (Sucrose) 10.0 g 20 ml of a solution containing 34% sodium 
Phenol Red 0.08 g thiosulfate and 4% ferric ammonium citrate.
 
Brilliant Green 0.0125 g Pour into sterile petri dishes.
 
Agar 20.0 g
 

5.5.7 Xylose Lysine Desoxycholate (XLD) 
Final pH: 6.9 ±.2 A'gar 

Preparation: Add 58 grams of brilliant Use: Differentiation of Salmonella.
 
green agar to 1 liter of cold laboratory pure
 
water and heat to boiling. Dispense in screw- Composition:
 
cap flasks and sterilize for 15 minutes at 121 C
 
(15 lbs. pressure). Pour into sterile petri dishes. BBL 11837
 

Warning: A longer period of sterilization 
will reduce the selectivity of the medium. XyloseL-Lysine 3.5 gg5.0 

5.5.6 Xylose Lysine Brilliant Green (XLBG) Lactose 7.5 g 
Agar Saccharose (Sucrose) 7.5 g 

Sodium Chloride 5.0 g 
Use: Salmonella Differentiation. Yeast Extract 3.0 g 

Phenol Red 0.08 g 
Composition of XL Agar Base: Agar 13.5 g 

Sodium Desoxycholate 2.5 g 
BBL 	11836 Sodium Thiosulfate 6.8 g 

g Ferric Ammonium Citrate 0.8 g
Xyloe -3.5 
L-Lysine 5.0 g Difco 0788-02 
Lactose 7.5 g 
Saccharose (Sucrose) 7.5 g Xylose 3.75 g 
Sodium Chloride 5.0 g L-Lysine 5.0 g 
Yeast Extract 3.0 g Lactose 7.5 g 
Phenol Red 0.08 g Saccharose (Sucrose) 7.5 g
Agar 13.5 	 g Sodium Chloride 5.0 g 

Difco 0555-02 	 Yeast Extract 3.0 g 
Phenol Red 0.08 	 g 

Xylose 3.75 g Agar 15.0 g 
L-Lysine 5.0 g Sodium Desoxycholate 2.5 g 
Lactose 7.5 g Sodium Thiosulfate 6.8 g 
Saccharose (Sucrose) 7.5 g Ferric Ammonium Citrate 0.8 g 
Sodium Chloride 5.0 g 
Yeast Extract 3.0 g Final pH: 7.4 ±.2 
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loosely and sterilize for 15 minutes at 117 C 
(10 lbs. pressure). 

5.5.17 H Broth (Difco 0451-02) 

Use: Preparation of H agglutinating anti
gens of members of genus, Salmonella. 

Composition: 

BBL 11288 

Thiotone (peptone) 10.0 g 
Beef Extract 3.0 g 
Dextrose 1.0 g 
Sodium Chloride 5.0 g 
Dipotassium Phosphate 2.5 g 

Difco 0451-02 

Thiotone (Peptone) 5.0 g 
Tryptone , 5.0 g 
Beef Extract 3.0 g 
Dextrose 1.0 g 
Sodium Chloride 5.0 g 
Dipotassium Phosphate 2.5 g 

Final pH: 7.2 ±-.2 

Preparation: Add 21.5 grams of H broth to 
1 liter of laboratory pure water, mix well and 
dissolve by warming. Dispense 5 ml amounts 
in screw-cap test tubes. Sterilize for 15 
minutes at 12 1 C (15 lbs. pressure). 

5.6 Medium for Actinomycetes 

Starch-Casein Agar 

(Medium may not be commercially 
available), 

Use: Isolation of actinomycetes from 

water or soil. 

Composition: 

Soluble Starch (or 
Glycerol) 10.0 g 

Casein (Vitamin-froe) 0.3 g 
Sodium Nitrate 2.0 g 

Sodium Chloride 2.0 g 
Dipotassium Phosphate 2.0 g 
Magnesium Sulfate.7 H20 0.05 g 
Calcium Carbonate 0.02 g 
Iron Sulfateo7 H20 0.01 g 
Agar 15.0 g 

Final pH: 7.0-7.2 

Preparation: Weigh out ingredients and 
add in turn to 1 liter of laboratory pure water in 
a two liter flask. Dissolve ingredients using 
gentle heat. Add the agar last and place in a 
boiling water bath. Heat and stir occasionally 
until dissolved. Dispense 250 ml volumes in 
500 ml screw-cap flasks and 17 ml volumes in 
screw-cap tubes. Sterilize for 15 minutes at 
121 C(15 lbs. pressure). 

6. Laboratory Pure Water 

Distilled or deionized water free of nutri
tive and toxic materials is required for prepa
ration of media. and dilution/rinse water. 

6.1 Distilled Water Systems: Water dis-_ 

tillation units ccn produce good grades of pure 
water. Stills are dependable and long-lived if 
maintained and cleaned properly. Use of sof
tened water as the source water increases the 
interval between cleanings of the still. Stills 
characteristically produce a good grade of 
water which gradually deteriorates as corro
sion, leaching and fouling set ii. There is no 
sudden loss of water quality unless a structural 
failure occurs. Stills are efficient in removing 
dissolved chemicals but not dissolved gases. 
Fresh laboratory pure water may contain chlo
rine and ammonia. On storage, ammonia will 

increase and C02 will appear from air contami
nation. Distilled water systems should be 
monitored continuously for conductance and 

analyzed monthly for chlorine, ammonia and 
standard plate count and at least annually for 
trace metals. See Table IV-A-3. 

6.2 Deionized Water Systems: Deioniza
tion systems produce a good grade of pure 
water and can produce an ultrapure water 
when combined with filtration and activated 
carbon in a recirculating system. 
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In contrast to distilled water systems, 
deionization systems do not gradually deterio-
rate. Rather, they continue to produce the 
same quality water for a long period of time 
until the resins and/or carbon are exhausted, 
whereupon the quality deteriorates quickly. 
Deioriized water systems should be monitored 
continually with a conductance meter and 
analyzed monthly for ammonia/amines, total 
organic carbon, specific organic pollutants and 
Standard Plate Count and at least annually for 
metals. Amines may elute from the resin. 
Organic carbon results from organic chemicals 
in the water or from bacterial growth in the 
columns. Use of a 0.22 pm final filter is recom- 
mended to remove bacterial contamination, 
See Table IV-A-3. 

Avoid the sudden loss of good quality 
water by continuously monitoring perfor
mance of the system, anticipating the remain-
ing life of cartridges and replacing them be
fore failure occurs. 

6.3 Quality Control 

Pure water systems should be monitored 
carefully as a part of the intralaboratory OC 
program. The water quality should meet the 
standards set in this Manual, Part IV-A, 5.2-5.4. 

7. Dilution Water 

Dilution water is used to reduce the num-
ber of microbial cells/unit volume of sample so 
that the density of cells is low enough to permit 
enumeration or manipulation by the technique 
of choice: pour-plate, spread plate, MF or MPN. 

The ideal dilution water is neutral in effect. 
It maintains bacterial populations without 
stimulating cell growth and reproduction, 
damaging cells or reducing their ability to sur. 
vive, grow or reproduce. Its basic purpose is to 
simulate the chemical conditions of the natural 
environment which are favorable to cell 
stability. 

Microbiologists have tried different ap
proaches to obtain an ideal diluent. Some 
workers have copied the natural environment 
by use of sterile fresh or marine waters as 

diluents, but these are non-standard. Other 
workers have used tap waters with the same 
lack of uniformity and an added potential for 
toxicity. Certainly for comparability of microbi
ological data the dilution water must be uni
form between laboratories. The chemical ele
ments and compounds required in natural con
ditions to insure a balance of cell solutes and 
maintain cell turgidity must be reproduced in 
the laboratory. 

Inorganic constituents such as sodium, 
potassium, magnesium, phosphate, chloride 
and sulfate, and soluble organics such as pep-* 
tone are used in synthetic dilution waters. pH 
is usually held to a near-neutral reaction. Two 
standard dilution waters are: 

7.1 Phosphate Duffered Dilution Water 

7. 1.1 Stock Phosphate Buffer Solution 

Potassium Dihydrogen 
Phosphate (KH2PO4) 34.0 g 

Laboratory Pure Water 500 ml 

Adjust the pH of the solution to 7.2 with I 
N NaOH and bring volume to 1000 ml with 
laboratory pure water. Sterilize by filtration or 
autoclave for 15 minutes at 121 C (15 lbs. 
pressure). 

7.1.2 Storage of Stock Solution: After 
sterilization of the stock solution store in the 
refrigerator until used. Hand!e aseptically. If 
evidence of mold or other contamination ap
pears, the stock solution should be discarded 
and afresh solution prepared. 

7.1.3 Working Solution 

Stock Phosphate Buffer 
MgCI2 Solution (38 g/liter) 
Laboratory Pure Water 

1.25 ml 
5 ml 

1000 ml 

Final pH: 7.2 t 0.1 

7.2 Peptone Dilution Water 

Composition: 

Peptone 1.0 g 

EQUIPMENT, TECHNIQUES AND MEDIA 57 



Laboratory Pure Water. 1000 ml pressure). Final volumes after sterilization 
should be 99 ± 2 ml. Cool and ceparate bottles 

Final pH: 7.0 ± 0.1 outside of the 99 ml +2 ml limit. Tighten screw
caps after sterilization and store in a cool 

7.3 Preparation of Dilution and Rinse place.
Water 

Dispense 102 ml volumes of phosphate Prepare dilution water for rinsing in 500 
buffer or peptone dilution water into borosili- ml or larger volumes and autoclave for 30 
cate glass, screw-cap dilution bottles scribed mindtes or more. Bottles or flasks must be 
at 99 ml. Loosen screw-caps on bottles and separated sufficiently in the autoclave to per
sterilize at 12.1 C for 15 minutes (15 lbs. mit easy access for steam. 
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PART II. GENERAL OPERATIONS 

Section C Techniques for Isolation and Enumeration of Bacteria of
 
Sanitary Significance
 

This Section describes the fundamental 
laboratory procedures needed for 
microbiological analyses of water and 
wastewater. Although experienced 
microbiologists and technicians may not 
require the depth of information and the 
degree of detail given in this Section, it is 
provided to serve the technicalpersonnel who 
are new to environmental microbiology. The 
procedures included are: 

1. 	 Preparation forAnalyses 

2. 	 Streak Plate, Pour Plate and 
Spread Plate Methods 

3. 	 Membrane Filtration Method 

4. 	 Most Probable Number Method 

5. 	 Staining Procedures 

6. 	 Shipment of Cultures 

The specific details unique to tests are 
described in separate Sections of Part II: 
Standard Plate Count, Total Coliform, Fecal 
Coliform, Fecal Streptococci, Salmonella and 
Actinomycete,. Refer to Part IV, A & C for de-
tails of quality control on these analyses. 

1.Preparation for Analyses 

1.1 Preparation of Data Sheets 

Select a standard format for bench sheet 
or card and use to record pertinent data: 
sample identification, sampling conditions, 
chlorine residual, temperature, pH, sampling 
site, station number, date and time of 
collection, sample collector, required chain of 

custody information, data and time received 
and analyzed, time elapsed from sample 
collection, analyses performed, sample 
volume(s), dnalyst, and laboratory 
identification numbers. (See Figures II-C-1, 2 
and 3). 

1.2 Disinfection of Work Area 

Wipe the work area before and after use 
with laboratory-strength disinfectant and allow 
surface to dry before use. See Table V-C-3. 

Keep a covered container of iodophor or 
quaternary ammonium disinfectant available 
for emergency use. Phenolics are acceptable if 
analyses for these compounds are not per
formed as part of laboratory work. 

1.3 Pretreatment of Samples 

Prior to dilution of samples for analyses, 
the analyst should examine ihe sample for free 
chlorine residual and possible uneven distribu
tion of microorganisms. 
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MICROIIOLOGY LABORATORY RECORD 
MEVERANE FILTER ANALYSIS 

PROJECT: NO: 

SAMPLE SOURCE: 

SAMPLING DATE: - TIME: - FILTRATION DATE: - - TIME: 

COLLECTOR: Tm': P:4: ANALYST: 

VOL. COUNT COUNT/100 mg VOL. COUNT COUNT/O- ml VOL. COUNT COUJNT/IOO mi 

Romrks: - _ _ _ wksmko_ 

EPA-0 (Cin) 
(nlev- 4-761 

FIGURE I!-C-1. Microbiological Bench Card for MFAnalyses. 

UICROBIOLOGY LABORATORY RECORD 
COLIFORM MPN ANALYSIS 

=' 
Sa..p~e Dole Time River _________________,______ _______ 

Locolioe 

T;de _ Ra;n post 2 4 Hrs. DeptIh - Water Temp. 'C Secchi Disc. 

D~tut~on MPN/lO0 ml 

%.,ot6(om Prot. LST 24Hrs. 

48Hrs. 

Coliform Cadf. BGLB 4 8Hrs. 

Fecal Caliform EC 24H-rs. 

AFO Region Ill. USEPA 

FIGURE I1-C-2. Bench Card for MPN Analyses. 
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BACTERIAL INDICATOR ORGANISMS OF POLLUTION 

STATION DENCH NO 

LOCATION 

DATE HOURS SAD NO. 

COLLECTED . ............. ................. ANALYST
 

EXAMINED ............
 

MPN 

OsL. PRESUMPTIVE CONFIRMED EC 
ml LTB B.GLB. 44 5,C MEMBRANE FILTER 

35'C 35,C 

24 hrL. 48 hecs. 24 hrs. 48 hrL. 24 hrs. VOLUME COLONY 

FILTERED COUNT 

_TOTAL 

.10. COLIFORMS 

-FECAL
 

10" _ COLIFORMS 

10 -

ORGANISMS PER 100 ML. 

10 -

TOTALS_ 

FECALS 

10 
SALMONELLA 


.
 

ISOLATION 
CONFIRMED MPN .. ............ PER 100 ML
 

SE ROTYPE |S_______PER 100 ML. .............. 


REMARKS
 

FECAL COLIFORM MPN 

SERL, Region IV. US EPA 

FIGURE Il-C-3. Combined Microbiological Bench Card 
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1.3.1 Water Samples with High Solids 

(a) Blending of sediments, primary efflu-
ents. sludge and highly turbid waters is essen-
tial for representative subsampling. 

(b) Blend the entire water sample contain-
ing particulates in a Waring-type blender. Use)ning artcultesaWarng-ype lener.Use 
only autoclavable pyrex glass, stainless steel 
or plastic blender containers with safety screw 
covers to prevent release of aerosols. 

(c) Limit blending to no more than 30 sec-
onds at about 5000 RPMA to avoid overheating 
or shearing damage. 

(d) Dilute sediments or soils containing 
limited amounts of water at a 1:1, 1:2 ratio or 
more with dilution water to ensure good blend-
ing action and to reduce heat generation. Use 
of a large blender container rather than smaller 
units also reduces heat. 

1.3.2 Dry Solid Samples 

(a) Mix sample thoroughly and weigh 50 
grams aliquot in a tared weighing ban. Dry at 
105-110 C to constant weight. The final weight 
is used in calculating numbers of organisms/ 
gram dry solids. 

(b) Prepare the initial dilution by weighing 

out a second aliquot of 11 grams of original 

sample. Add to a 99 ml volume of buffered dilu-

tion water for a 1:10 dilution and blend sample 

aseptically in a Waring-type blender at 5000 

rpm for 30 seconds. Use only a pyrex glass,
 
stainless steel or plastic blender container with 

safety screw lid to prevent release of aerosols. 


(c) Transfer an 11 ml sample of the 1:10 
dilution to a second dilution bottle containing 
99 ml buffered dilution water and shake vigor
ously about 25 times. Repeat this process until 
the desired dilution is reached. 

1.3.3 Analytical Method 

Although high solids samples with low 
microbial densities may require MPN or pour 
plate procedures, high density samples such as 
polluted soils, sludges and feces are diluted so 
that the MF method is applicable, 

1.4 Dilution of Samples 

1.4.1 Necessity for Dilutions: Dilutions of 
the original sample of water, wastewater or 
other material are often necessary to reduce 

the number of bacterial cells to measureable 
levels or to isolate single cells for purificationand identification (see Part 11-B, 7 for details on 
didtifiati Pf 

1.4.2 Serial Dilutions: A known quantity of 

the sample (usually 1.0 ml, but other volumes 
can be used) is transferred through a series of 
known volumes (e.g., 9 or 99 ml) of dilution 
water. This procedure is repeated uritil the 
desired bacterial density is reached. After dilu
tion of the sample, the bacteria are enumer
ated using the membrane filtration, pour plate, 
streak plate, or the most probable number 
technique. 

For ease of calculation and preparation, 
serial dilutions are usually prepared in suc
ceeding ten-fold volumes called decimal dilu
tions.The decimal dilution procedure is shown 
in Figure 11-C-4. 

1.4.3 Special Dilutions for Membrane Fil
tration Procedures: The normally accepted lim

its for colonies per plate in membrane filtration 

methods (20-60, 20-80 or 20-100) require 
that decimal dilution series be modified to 
assume an MF plate count within the accepted 
limit. 

The recommended method for obtaining 
counts within these limits is to filtcr dilution 
volumes of the decimal series which have a 
factor of 3, 4 or 5 among them (see Table l-C-1 
for details). 

1.4.4 Filtration Volumes for Membrane 
Filter Analyses: For sample volumes of 1-10 ml, 
add 20 ml of dilution water to the funnel before 
adding sample, to evenly disperse cells. 

1.4.5 Preparation of Dilutions: Shake 
sample bottle vigorously (about 25 times in 7 
seconds) to evenly distribute the bacteria. 
Take care to secure the screw-cap and prevent 
leakage during shaking. 
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0 

DILUTION A 

10_2 
DILUTION B 

10-4 

z 

WATER 

SAMPLE -1 Ml-----------

im 

BLANK ---- 1 ml-----.. 

99mn 

BLANK 

1 ml 0.1 mlDELIVERY VOLUME: 10 ml 1MI 1 l 01 lIml .10.1MI 0MI 

I.,1 

.. ..... 4Il 

VOLUME OF 
-ORIGINAL SAMPLE 

INTUBE/PLATE 10 MI 1 Ml 10- MI~m 10-2 m, _1 m m o0m 

FIGURE II-C-4. Preparation of Decimal Dilution.Cii 



TABLE I-C-1 

Recommended Filtration Volumes of Samples in MF Analyses 

MF Count Range 20-60 MF Count Range 20-80 MF Count Range 20-100 

Sample vol., ml added as: Sample vol., ml added as: Sample vol., ml added as: 

10- 2 .04 4 ml of 10- 2 .01 1 ml of 10- 2 

.01 1 ml of 

-
.03 3 ml of 10-2 .15 1.5 ml of 10 1 .05 5 ml of 10- 2 

.1 1 ml of 10 1
 

- 1 - 1 
 -
.3 3 ml of 10 .5 5 ml of 10 .25 2.5 of 10 ' 

1.0 	 1 ml sample 

3 3 ml sample 2.0 2 ml sample 1.25 1.25 ml sample 

10 10 ml sample 8.0 8 ml sample 6 6 ml sample 

30 30 ml sample 30 30 ml sample 30 30 ml sample 
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(a) Withdraw 1.0 ml or 0.1 ml of original 
sample to test samples directly for a 1 x 100 
ml and 1 x 10-1 ml volumes, respectively. 

(b) Transfer a second 1.0 ml volume to a 
99 ml dilution water bottle (Dilution A). Shake 
sample vigorously about 25 times and with-
draw 1.0 ml or 0, 1 ml of diluted sample for 
testing of 1 X 10-2 and 1 X 10- 3 ml sample 
volumes. Theiresultant dilution is calculated as 
follows: 

DilutionVolume of Sample 
Volume of Dilution Blank Ratio 

+ Volume of Sample 

or, -- '. .; : .,. . , .v 

1.0 ml 1 

99.0 + 1.0 ml 100 

or 10-2 (Dilution A) 

(c) When 1.0 ml is transferred from dilu
tion bottle A to a second dilution bottle (B), the 
dilution ratio for bottle B dilution shown in 
Figure 11-C-4 is the product of the individual 
dilutions as follows: 

A X B = Final or Total Dilution Ratio 

or 

1 1 1 

100 100 10,000 

Volumes of 0.1 ml can be tested directly from 
each serial dilution to provide intermediate 
dilutions. 

(d) Alte,-natively, if an initial sample vol-
ume of 11 ml is transferred into the first 99 ml 
volume dilution blank, an intermediate dilution 
can be obtained with the added precision re-
suiting from measurements of 1 ml volumes 
serially as opposed to the measui ement of 0.1 
ml volumes in (c). 

(e) Different dilutions can be obtained by 
varying sample and dilution preparations. For 
example, if 2.Oml of the sample is transferred 

to a 98.0 ml dilution blank, the final dilution 
ratio is calculated as follows: 

2.0 ml 2 1 
98.0 + 2.0 ml 100 50 

(f) If 0.5 ml is added to a dilution blank 
containing 99.5 ml of buffer, the dilution ratio 
is calculatel as follows: 

0.5 ml 0.5 1 

299.5 + 0.5 ml 100 

(g) Verying the final volume tested will alo 
permit modification of dilutions witlout 
increasing the number of dilution bottles as 
follows: 

A 1:200 dilution can be obtained by test

ing 0.5 mlofa 1:l00dilution. 

A 1:500 dilution can be obtained by test
ing 2 ml of a 1:1000 dilution. 

1.4.6 Prompt Use of Dilutions: The poten
tial toxicity of phosphate dilution water and 
the stimulatory effect of peptone dilution 
water increase rapidly with time. Therefore, 
dilutions of samples should be tested as soon 

as possible after make-up and should be held 
no longer than 30 minutes after preparation. 

2. Streak, Pour and Spread Plate Methoda 

2.1 Summary: There are three plate dilu

tion techniques commonly used for isolating 
and/or enumerating single colonies of bacteria: 
the streak plate, pour plate and sfred plate 
procedures. These techniques described herein 
use solid or melted agar plating media to dilute 
out the microorganisms so that individual 
species or cells can be selectod or countod from 
mixed cultures. Because colonies can originate 
from more than one cell, results may be report
ed as colony-forming-units (CFUs). 

2.1.1 Streak Plate Method: To obtain a 
pure culture the ana!yst dilutes and isolates 
bacteria from a mixed culture by drawing a 
small amount of the bacterial growth lightly 
across the surface of an agar plate in a pattern 
with an inoculating needle or loop. 
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In one suggested pattern, the plate is 

streaked in parallel lines over half of the sur-

face, rotated a quarter turn, streaked again, 
rotated another quarter turn and streaked 
once more. The inoculum is progressively di-

luted with each successive streak, and eventu
ally single cells are deposited on the agar 
surface. After suitable incubation, single iso-
lated colonies develop in the path of the 

streak. (see Figure II-C-5). 

2.1.2 Pour Plate Method: The analyst di-
lutes and isolates cells in a bacterial suspencels i a actrialsusen-
sion by consecutively transferring a portion of 

the original sample through a series of dilution 

water blanks. After an appropriate series of 
population is 

ktesopd isoate 

dilutions, the original bacterial 

diluted out to a countable level, as described in 
1.4. Aliquots of the diluted sample are added 
to sterile petri dishes and mixed with melted 
agar. After the agar solidifies, the plates are 

inverted and incubated for a predetermined 
time. Surface or subsurface colonies will de-
velop in some of the agar plates. These colo-
nies can be counted to provide a quantitative 
value for the bacterial density of the original 

sample, or they can be picked for further quali-

tative study. 


2.1.3 Spread Plate Method: The analyst 

isolates, bacterial cells by delivering a small 
volume of a diluted sample onto a solid agar 
plate and spreading the inoculum by use of a 
sterile glas rod bent at an angle of about 120". 
The inoculum is spread uniformly by holding 

the stick at a set angle on the agar and rotating 
the agar plate or rotating the stick until the 

inoculun is distributed evenly. 

2.2 Scope and Application 

2.2.1 Streak and pour plate mothods pro-

vide the means to separate individual bacteria 
bo that each cell will develop into an isolated 

colony in or on a solid medium. The methods 

can isolate specific bacteria by the use of se

lective or differential media. 

The streak plate is only qualitative but the 

pour plate procedure can be used to quantitate 
bacteria present in a sample as in the Standard 

Plate Count Method (see Part Ill-A). The spread 
plate method provides a quantitative method 
for aerobic surface growth of cultures against 
which other surface growth methods such as 
the MF technique can be compared. 

2.?.2 Because the volumes tested with the 
spriad plate technique are limited to 
0.1-0.5ml, he sample must be diluted to con
,3in at la3t 40-2000 cells/ml in order to have 

a couiting range of 20-200. 

2.2.3 In the pour plate technique, test vol
umes are limited to 0.1-2 ml per 100 ml petri 
dish soethemsampleom.st-bemdiluted0tomconti 
dish so the sample must be diluted to contain
 

60-3000 cells/mi to have a 30-300 counting 
range. 

2.3 Apparatus and Materials 
2.3.1 Incubator set at 35 ± 0.5 C. 

2.3.2 Water bath set at 44-46 C for tem
2.3.2 aerb 

pering agar. 
2.3.3 Colony Counter, Quebec darkfield
 
2.3.3 olonyiCunte 

model or equivalent. 

2.3.4 Hand tally or electronic counting 
device. 

2.3.5 Thermometer which has been 
checked against a National Bureau of 
Standards-Certified Thermometer or one of 
equivalent accuracy. 

2.3.6 Inoculaiing needle and loop. 

2.3.7 Pipet containers of stainless steel, 

aluminum or pyrex for glass pipets. 

2.3.8 Petri dish containers of stainless 
steel, aluminum or pyrox glass for glass petri 
dishes. 

2.3.9 Glass spreader rods. 

2.3.10 Sterile T.D. bacteriological or Mohr 
pipets, glass or plastic of appropriate volume. 

2.3.11 Sterile 100 mm x 15 mm petri 

dishes, glass or plastic. 
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STEP 1 STEP 2 STEP 3 

FIGURE I1-C-5. Suggested Pattern for Preparing a Streak Plate. 
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2.3.12 Dilution (milk dilution) bottles, py-
rex, marked at 99 ml volume, screw-cap with 
neoprene rubber liner. 

2.3.13 Bunsen/Fisher type burner or elec-
tric incinerator, 

2.4 Media 

2.4.1 Sterile agar medium dispensed in 
bulk quantities in screwcappedflasks. bottles or 

2.4.2 Sterile dilution water in bottles con-
taining 99 ± 2 ml volumes, 

2.5 Streak Plate Procedures 

2.5.1 Melt the nonselective agar, such as
nutrient agar or Trypticase soy agar, temper at 
44-46 C, and add about 15 ml agar to each 
sterile peti dish. Allow to harden and dry for 
best results in streaking. 

2.5.2 Bend ant inoculation needle or loop 
at an angle about 1 cm from the needle tip to 
prevent cutting of the agar during streaking.
Sterilize the needle by heating it to redness in 
aflame, and air-cool. 

2.5.3 Remove screw cap and pick a small 
amount of growth from an isolated colony or

from amass of growth. 


2.5.4 Draw the needle containing the 

bacteria back and forth across the surface of a 

previously-poured and hardened agar plate in 
a specific pattern, such as shown in Figure IlI-C
5. Streak 1/3-1/2 of the agar surface.. Flame 
and cool needle after each step and inoculate 
plate further by drawing the needle across the 
area previously streaked. 

2.5.5 Rotate the plate one quarter turn 
clockwise as each step is completed to make 
the streaking easier. Streaking patterns other 
than the model shown in Figure Il-C-5 can be
used; the objective is simply to deposit fewer 
and fewer cells along the streak until single
cells are deposited on the agar surface. After 
incubation, these cells will develop into well-

separated pure colonies of bacteria, each thao
retically arising from a single bacterium. 

2.5.6 After streaking, incubate the petri
dishes at 35 C for 24 hours (or other appropri
ate conditions) in an inverted position to pre
vent condensation of water on the agar sur
face. Moisture interferes with development of 
isolated colonies by spreading bacterial 
growth over the agar surface. 

2.5.7 For further purification, examineplates after incubation for vingle, well-isolated 
colonies. Pick typical colonies using a sterile 
inoculating needle, suspend cells in dilution 
water, and restreak on an agar plate, repeating
steps 2.5.2-2.5.6. Isolated, single coloniesfrom a plate containing like colonies may be 
considered to bo pure. 

2.5.8 Streaking may also be done on se
lective media, such as Endo or EMB agars or on 
selective/differential media e.g., in Salmonella 
testing. 

2.6 Pour Plate Procedure 

2.6.1 Shake the sample bottle vigorously 
about 25 times to disperse the bacteria. Dur
ing shaking, close cap tightly to prevent leak
age of sample and the danger of 
contamination. 

2.6.2 Using a 1.1 ml bacteriological pipet, 
prepare the initial dilution by pipeting 1 ml of 
the sample into a 99 ml dilution water blank. 
This initial dilution represents a 10-2 dilution 
(see this Section, 1.4, Dilution of Samples): 

2.6.3 Using the same pipet transfer 0.1 
and 1.0 ml from the undiluted sample to two 
separate petri dishes. 

-. 
2.6.4 Shake the 1:100 dilution bottle 

vigorously again and pipet 0.1 and 1.0 ml of 
the 1:100 dilution into two petri dishes using 
another sterile 1.1 ml pipet. 

2.6.5 Pour aseptically 12-15 ml of the 
melted agar medium cooled to 44-46 C into 
each petri dish. Mix agar and inoculum by
rotatiun, being careful to prevent spillover of 
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agar. One recorr 'pnded technique uses a se-
quence of five ,.ations to the left, five to the 
right and five', :ward and backward. Allow the 
agarto solidifyon a level surface. 

2.6.6 Invert the dishes and incubate at the 
specific temperature and time. After incuba-
tion, well-isolated surface and subsurface colo-
nies should develop in some of the plates. 

2.6.7 When the pour plate technique is 
used quantitatively, count plates containing 
between 30 and 300 colonies. This is the 
technique used in the Standard Plate Count 
Method described in Part III-A. Pour plate 
counts are reported as the count per ml. 

Count/mi = 

Sum of Plate Counts 

Total Volume of Sample in ml 

2.7 Spread Plate Procedure 

2.7.1 Prepare the appropriate melted 
agar. Pour about 15 ml of the melted agar into 
each 100 mm petri dish. Keep covers opened
slightly until agars have hardened and mois-
ture or condensation have evaporated. Close 
dishes and store in refrigerator. Warm at room 
temperature before use. 

2.7.2 Prepare a series of dilutions based 
upon the estimated concentration of bacteria 
so that 0.1-0.5 ml of inoculum will give a 
20-200 count (equivalent to a 40-2000 
count/ml in the diluted sample). The dilutions 
should bracket the estimated density of 
bacteria. The analyst must remember that if 
only 0.1 ml volume is tested, it must be plated 
on the agar plate marked with the next higher 
dilution; for example, 0.1 ml of the 10-1 
dilution onto the surface of the plate marked 
10-2. Inoculate agar plates. 

2.7.3 Remove the glass spreader from al-
cohol and flame. Cool for 15 seconds. Test 
glass rod on edge of agar to verify safe temper-
ature before use. This step can be simplified by 
making and sterilizing a number of glass 
spreaders. 

2.7.4 Place cool glass spreader on agar 
surface next to inoculum. Position spreader so 
that the tip forms a radius from the center to 
the plate edge. Holding spieader motionless, 
rotate plate several revolutions, or hold plate 
and move the spreader in a series of sweeping 
arcs. The purpose is to spread the inoculum 
uniformly overthe entire surface of the agar. 

2.7.5 Lift the glass spreader from the agar 
and place in alcohol solution. Cover plate par
tially, leaving open slightly to evaporate excess 
moisture for 15-30 minutes. 

2.7.6 When agar surfaces are dry, close 
dishes, invert them and incubate as required 
for the specific test. 

2.7.7 After incubation at the proper time 
and temperature, isolated surface colonies 

should develop in one or more dilutions within 
the acceptable counting range of 20-200 col
lonies. Tho maximum recommended number of 
colonies/spread plate is fewer than for other 
plate tochniques because surface colonies are 
larger than subsurface colonies and crowding 
can result at lower count levels. 

2.7.8 Count the colonies by normal tech
niques and report on a count/ml or count/i 00 
ml basis dependent on the use of the data. 

2.8 Reporting Results 

2.8.1 Significant Figures: To prevent false 
precision in the reporting of counts, the plate 
counts must be limited to the digit(s) known 
definitely plus one digit which is in doubt. 
These combined digits are termed the Signifi
cant Figures(S.F.). 

(a) For example, if an analyst reports a 
plate count of 124 to three significant figures 
he is indicating that he is certain of the first 
two digits, 1 and 2, but is uncertain whether 
the last digit is 3, 4 or 5. If the analyst were 
reporting that same number to two significant 
figures, he would report the first figures, 1, as 
certain, the second figure, 2, as uncertain, and 
the third figure, 4, as unknown. Hence he 
would report it as 120, inserting the zero ory 
as a spacer. Large cc ints of 1200, 12,000 and 
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12,000,000 only contain two significant fig. 
ures. Of course, zeros can be significant In 
counts of 10, 60,105, etc. 

(b) In plate count and MF methods, the 
number of significant digits which can be re-
ported are dictated by the method itself as 
follows: within the acceptable counting range 
of the method itself, i.e., 20-60, 20-80, 
20-100 or 30-300 the actual number of colo-
nies observed is the best estimate of the true 
density. The number of significant figures are 
equal to the number of colonies. 

TABLE I1-C.2 

Number of Significant 
Figures (S.F.) Reported 

Actual Pour Plate/ Membrane 
Colony Spread Plate Filtration 
Count Method Method 

1 - 9 1 S.F. I S.F. 

10 - 99 2 S.F. 2 S.F. 

100 - 300 3 S.F. 

2.8.2 Rounding Off Counts: Since plate 
counts must be limited to the number of signifi-
cant figures obtainable by the method, the 
non-zero number which is not significant 
should be treated by the standard scienti'i 
convention: 

(a) If the insignificant digit is less than five, 
replace it with a zero, e.g., 3530 becomes 
3500. 

(b) If the insignificant digit is five, round 
the preceding significant digit to the nearest 
even number, e.g., with two S.F., 3450 be-
comes 3400, and 3550 becomes 3600. 

(c) If the insignificant digit is greater than 

five, drop the digit and increase the preceding 

significant number by one, e.g., 3480 be-
comes 3500. 

3. Membrane Filtration Method 

3.1 Summary: The membrane filter 
method provides a direct count of bacterial
colonies on the surface of the filter. The 
sample is filtered as soon as possible after 
collection. After the sample is filtered, the 
membrane filter is planed on a nutrient 
medium formulated to encourage growth of 
the bacteria for which the test isdesigned and 
to juppessthegrowthofothermicroorganisms. 
After incubation under the specified 
conditions, the bacteria retained. on the 
surface of the membrane develop into visible 
colonies. The medium and the temperature of 
incubation influence the kinds and 
appearance of bacteria that develop. Two-step 
enrichment and delayed incubation 'MF 
procedures can also be used. The two-step
procedure involves an acclimation period on 
another medium before the selective growth 
step. 

3.2 Scope and Application 

Membrane filter methods are preferred 
over MPN or other techniques, where applica
ble because of the following advantages. 

3.2.1 Advantages 

(a) One of the primary advantages of this 
method is its speed. Definitive results for total 
and fecal coliforms can be obtained in 22-26 
hours, whereas 48-96 hours are required for
 
the multiple-tube fermentation method.
 

(b) Considerably larger, more representa
tive water samples can be examined than with 
the MPN. With waters of low bacterial densi
ties such 'as finished waters, larger sample 
aliquots can be used to enhance the reliability 
of the results. 

(c) The precision is greater with the MF than 
the multiple-tube technique because the former 
makes a direct count of colonies/unit volume. 

(d)The method represents savings in time, labor, space, supplies and equipment. 

(e) Because of its portability, this proce
dure is a'3o very practical forfield studies. 

oEIA MICROBIOLOGICAL MANUAL 1978 70 



3.2.2 Limitations: Although the majority of 
water samples can be tested by membrane 
filtration, there are limitations with certain 
samples and some problems with membrane 
filters themselves. 

(a) Some samples contain large quantities 
of colloidal materials or suspended solids such 
as iron, manganese or alum flocs or clay (1). 
Other samples may contain algae. These 
substances can clog the filter pores and 
prevent filtration or can cause the 
development of spreading bacterial colonies. 
When the bacterial counts of such samples are 
high, a smaller volume or a higher sample 
dilution can be used to minimize the effect of• ,,, . ,.-V= 
sample tdrbidity. re 'membrane filter method 
may be used with samples containing turbidity 
by filtration of several smaller replicate sample 
volumes and compositing the results. 
However, with waters of high turbidity and low 
bacterial count, the membrane filter method 
may not Ne applicable. In the latter situation 
the multiple-tube procedure should be used. 

(b) Large non-specific populations may 

mask the appearance of indicators on selective 

media such as M-Ehdo MF medium (4). 

(c) Industrial wastewaters may contain 
zinc, copper, or other heavy metallic com
pounds (2) which adsorb onto the membrane 
surface and interfere with subsequent bacterialdevelopment (1, 2 3). s 

(d) MF analyses require preparation of 
MPN tubed media for verification. 

(e) Inhibition may result in seawater or 
trom toxic materials such as chlorine or 
phenols. 

(f) Indicator organisms stressed in the en-
oory rcoveed 5).theviromen mavironment may bebe poorly recovered (5). 

3.3 Apparatus and Materialswihudage 

3.3.1 Incubator set at 35 ± 0.5 C for total 
coliform-test (Part Ill-B) and fecal streptococci 
test (Part Ill-D). 

3.3.2 Water bath or other type of incuba
tors such as the aluminum heat sink incubator, 
or equivalent, set at 44.5 ± 0.2 C for fecal 
coliform test (Part Ill-C). 

3.3.3 Stereoscopic microscope, with mag
nificationof 10-15Xwide-fieldtype. 

3.3.4 A microscope lamp producing dif
fuse light from cool, white fluorescent lamps 
adjusted to give maximum color or sheen 

appearance. 
3.3.5 Hand tally. 

3.3.6 Pipet container of stainless steel, 
aluminum or pyrex glass for glass pipets. 

3.3.7 Graduated cylinders covered with 
aluminum foil or kraft paper and sterilized. 

3.3.8 Membrane filtration units (filter base 
and funnel), glass, plastic or stainless steel, see 
Figure l)-C-6. These are wrapped with alumi-
Fgr IC6 hs r rpe ihaui 
num foil or kraft paper and sterilized. See Fig

ure II-C-7 for an exploded view of a stainlesssteel MF assembly and filter. 

3.3.9 Ulvaviolet sterilizer for the filter fun

nel is optional (61. 

3.3.10 Line vacuum, electric vacuum 
pump or aspirator is used as a vacuum source.In an emergency or in the field, a hand pump or 
a syringe can be used. Such vacuum

producing devices should be equipped with a 
check valve to prevent the eturn flow of air. 

3.3.11 Vacuum filter flask, usually 1 liter, 
with appropriate tubing. Filter manifolds to 
hold a number of filter bases are optional. 

3.3.12 Safety trap flask placed betweenthfierlakndhevcusoc. 
filter flask and the vacuum source. 

3.3.13 Forceps, straight or curved, with 
smooth tips to pormit easy handling of filters 
without damage. 

3.3.14 Alcohol, ethanol or methanol, in 
small wide mouthed vials, for sterilizing 
forceps. 
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FIGURE I1-C-6. Membrane Filtration Units Made by Various Manufacturers 
for Detection of Bacteria in Aqueous Suspensions. 
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FIGURE II-C-7.Exploded View of aStainless Steel Membrane Filtration Unit. 
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3.3.15 Bunsen or Fisher type burner or 
electric incinerator unit. 

3.3.16 Sterile T.D. bacteriological or Mohr 
pipets, glass or plastic, of appropriate volume. 

3.3.17 Sterile petri dishes, 50 x 12 mm, 
with tight-fitting lids and 60 x 15 mm, with 
loose-fitting lids glass or plastic. 

3.3.18 Dilution bottles (milk dilution) 
pyrex, marked at 99 ml, screw-cap with 
neoprene liners. 

3.3.19 Membrane filters, white, grid 
marked, 47 mm diame ter, with 0.45 trn ± .02 
tm pore size or other pore size recommended 
by the manufacturer for water analyses. 

3.3.20 Absorbent pads of cellulosic 
paper, 47 mm diameter. The paper should be 
of high quality and free of sullites or other 
substances that could inhibit bacterial growth. 

3.3.21 Waterproof plastic bags. 

3.3.22 Inoculation loops, at least 3 mm 
diameter, or needles, nichrome or platinum 
wire, 26 B&S gauge, in suitable holder. Dispos-
able applicator sticks or plastic loops as alter
natives to inoculation loops. 

3.3.23 Media: Media required for a spe-
cific test should be prepared in pre-sterilized 
erlenmeyer flasks with metal caps, aluminum 
foil covers, or screw caps. 

3.3.24 Dilution Water 

(a) Sterile buffered or peptone dilution 
water dispensed in 99 ± 2 ml amounts in 
screw-capped dilution bottles. 

(b) Sterile dilution water prepared in larger 
volumes for wetting membranes before addi
tion of the sample and for rinsing the funnel 
after sample filtration. 

3.4 Procedure 

3.4.1 Prepare the required media as out-
lined in Part II-B. If the medium is an agar, cool 

to room temperature. Use sterile forceps for 
manipulation of absorbent pads and mem
brare filters, contacting the outer edges only, 
to avoid touching the filtering area or damag
ing the membrane filter surface. Sterilize for
ceps by immersing the tips in ethanol and 
flaming. Place absorbont pad in bottom of 50 
or 60 mm petri dish. Add 1.8-2.0 ml broth to 
the sterile absorbent pad. Saturate but do not 
flood the pad. Tip the petri dish to drain off 
excess. If agar medium is used, add about 5-6 
ml (toa depth of 2-3 mm) in the petri dish. 

3.4.2 Arrange petri dishes in rows accord
ing to the dilution series. Mark each dish to 
identify the sample, volume or dilution to be 
filtered. 

3.4.3 Using sterile forceps, place a mem
brane filter, grid-side up, on the porous plate of 
the filter base. 

3.4.4 Attach the funool to the base of the 
filter unit, taking care not to damage or dis
lodge the filter, The membrane filter is now 
fitted between the funnel and the base. 

3.4.5 Shake the sample container vigor
ously about 25 times. 

3.4.6 Prepare at least three sample incre
ments according to 1.4.3, ii, this Section. 
Measure the desired volume of sample into the 
funnel with the vacuum turned off. To measure 
the sample accurately and to obtain good distri
bution of colonies on the filter surface, the 
following methods are recommended: 

(a) Sample volumes of 20 ml or more: 
Measure the sample in a sterile graduated cyl
inder and pour it into the funnel. Rinse the 
graduate twice with sterile dilution water, and 
add the rinse water to the funnel. For potable 
waters, 100 ml volumes may be measured 
directly in a precalibrated funnel. 

(b) Sample volumes of 10-20 ml: Measure 
the sample with a sterile 10 ml or 20 ml pipet 
into the funnel. 

(c) Sample volumes of < 10 ml: Pour about 
10 ml of sterile dilution water into the funnel 
and add the sample to the sterile water using 
appropriate sterile pipet. 
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(d) Sample volumes of less than 0.1 rnl: 
Prepare appropriate dilutions in sterile dilution 
water and proceed as applicable in steps (b)or 
(c) above, 

(e)The time elapsing between preparation 
of sample dilutions and filtration should be 
minimal and never more than 30 minutes. 

3.4.7 Turn on the vacuum to filter the 
sample. Leave the vacuum on and rinse down 
the funnel walls at least twice with 20-30 ml ofsterle dluton 
wter Tur of vacum.3.6 

sterile dilution water. Turn off vacuum. 

3.4.8 Remove the funnel from the base of 
3.4.teRemvefunel100 

the filter unit. An ultraviolet sterilizer unit can 

be used to hold and sterilize the funnel be
tween filtrations.At least 2 minutes exposure 
time is required for funnel decontamination 
(6). Protect eyes from UV irradiation with 
glasses, goggles, or an enclosed UV chamber 
(7). 

3.4.9 Holding the membrane filter at its 
edge with a sterilized forceps gently lift and 
place the filter grid-side up in the culture dish. 
Slide the filter onto the absorbent pad or agar, 
using a rolling action to avoid trapping air 
bubbles between the membrane filter and the 
underlying pad or agar. Reseat the membrane 
if non-wetted areas occur due to air bubbles. 

3.4.10 Invert the petri dishes and incubate 
at the appropriate temperature in an atmo-
sphere with close to 100% relative humidity 
for the required time. 

3.5 Counting Colonies: The grid lines are 
used in counting the colonies. 

3.5.1 Count the colonies for the parameter 
of interest following a preset plan such as 
shown in Figure II-C-8. Some colonies will be in 
contact witherrorgridinlines.countingA suggestedthese coloniesprocedureisto reduce 
shown inFigure In-C-9. Cuunt the colonies in 
thshow inired byCntthe olon i 

3.5.2 The fluorescent lamp should be 
nearly perpendicular to the membrane filter, 
Count colonies individually, even if they are in 
contact with each other. The echnician must 
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learn to recognize the difference between two 
or more colonies which have grown into con
tact ,ith each other and single, irregularly 
shaped colonies which sometimes develop on 
membrane filters. The latter colonies are usu
ally associated with a fiber or particulate ma
terial and the colonies conform to the shape 
and size of the fiber or particulates. Colonies 
which have grown together almost invariably 
show avery fine line of contact. 

Calculation of Results: Select the 
membrane filter with the number of colonies in 
the acceptable range and cblculate count per 

ml according to the general formula: 

No. colonies counted X 100 
Volume of samplo filtered, in ml 

3.6.1 Counts Within the Acceptable Limits 

(a) The acceptable range of colonies which 
is countable on a membrane is afunction of 
the parameter as shown in Table ll-C-3. 

(b)Assume that filtration of volumes of 50, 
15, 5, 1.5, and 0.5 ml produced colony counts 
of 200,110, 40, 10, 5, respectively. 

(c) An analyst would not actually count the 
colonies on all filters. By inspection he would 
select the membrane filter(s) with 20-80 coli

form colonies and then limit his actual count
ing to such membranes. 

(d) After selecting the best membrane 
fle fr untin the te Mmihan4filter for counting, in this case the MF with a 40 
colony count, the analyst- counts colonies 
according to the counting procedures in 3.6 
and applies the general formula as follows: 

40 
Colonies per 100 ml = - X 100 = 800 

5 
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FIGURE I1-C-8. 	 Colony-Counting Pathway. (The inner circle indicates the 
effective filtering area, dashed line indicates the pathway.) 

-- -•m~m 

FIGURE II-C-9. 	Enlarged Portion of Grid-Marked Square of Filter. 
(Colonies are counted in squares indicated by thi arrow.) 
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TABLE I.C.3 

Acceptable Limits' 

Parameters Lower Upper Remarks 

Total coliform bacteria 20 (0 for potable waters) 80 Limit, 200 colonias 
Focal coliform bacteria 20 
Fecal streptococci 20 

Colony counts < or > the limits cited above 

3.6.2 More Than One Acceptable Count 

(a) If there are acceptable counts on repli-
cate plates, carry counts independently to final 
reporting units, then calculate the arithmetic 
mean of these counts to obtain the final re-
ported value. 

For example, 1 ml volumes produce coli-
form counts of 26 and 36 or counts of 2600 
and 3600/100 m: 

2600 + 3600 
2 3Here, 

and value 3100/100 ml 

(b) If more than one dilution, indepen-
dently carry counts to final reporting units, 
then average for final reported value. 

For example, assume that volumes of 0.3, 
0.1, 0.03 and 0.01 ml produced coliform colony 
ccunts of TNTC ((oo Numerous To Count), 75,
30 and 8, respectively. In this example, two 
volumes, 0.1 and 0.03 produce colonies in 
the acceptable counting range. 

Independently carry each MF count to a 
count per 100 ml: 

75 
x 100 = 75,000/100 ml 

0.1 
30 

x 100 =100,000/100 ml 
0.03 

60 of all types 
100 

must be identified as outside of this range. 

Then calculate the arithmetic mean of these 
c iunts to obtain the final reported value: 

75,000 + 100,000 87,500 
2 

Report as: 88,000/100 mi. 

3.6.3 If All MF Coavnts are Below the Lower 
Limit, Select Most Acceptablethe Nearl6S 
Count (for non-potable waters) 

For example, assume a count in which 
sample volumes of 1,0.3 and .01 ml produced 
colony counts of 14, 3, and 0, respectively. 

no colony count falls within recom
mended limits. Calculate on the basis of themost nearly acceptable plate count, 14, and 

report with a qualifying remark: 

14 
- X 100 = 1400 
1.0 

Report as: Estimated Count, 1400 per 100 
ml. 

3.6.4 If Counts from All. Membranes are 
Zero, Calculate Using Count from Largest Fil
tration Volume 

For example, sample volumes of 25, 10, 
and 2 ml produced colony counts of 0, 0, and0, respectively, and no actual calculation is 
possible, even as an estimated report. "alcu
late the number of colonies per 100 ml that 
would have been reported if there had been 
one colony on the filter representing the larg
est filtration volume, thus: 

1 10=4 
I- 100 = 4 

25 
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Report as: < (Less than) 4 colonies per 
100 ml. 

3.6.5 If All Membrane Counts are Above 
the Upper Limit, Calculate Count with Smallest 
Volume Filtered 

For example, assume that the volumes 1, 
0.3, and 0.01 ml produced colony counts of 
TNTC, 150, and 110 colonies. Since all colony 
counts are above the recommended limit, use 
the colony count from the smallest sample 
volume filtered and estimate the count as: 

110 x 100 = 1,100,000 
0.01 

Report as: Estimated Count 

1,100,000 per 100ml. 

3.6.6 If Colonies are Too Numerous To 
Count, Use Upper Limit Count with Smallest 
Filtration Volume 

Assume in Example 3.6.5 that the volumes 
1.0, 0.3, and 0.01 ml, all produced too many 
colonies to show separated colonies, and that 
the laboratory bench record showed TNTC (Too 
Numerous to Count). 

Use 80 colonies (Upper Limit Count for 
Total Coliform) as the basis of calculation with 
the smallest filtration volume, thus: 

80 
0.01 Y 100 = 0 

Report as: > (Greater Than) 8000,000 per 
100 ml. 

3.6.7 If there is no result because of con
fluency, lab accident, etc. Report as: No Result 
and specify reason. 

3.6.8 Reporting Results: Report bacterial 
densities per 100 ml of sample. See Figure II-
C-1 and 11-C-3 for examples of forms for 
reporting results. 

3.7 Verification: A vorified membrane fil-
ter test establishes the validity of colony differ-
entiation on a selective medium and provides 
support evidence of colony interpretation, 

3.7.1 A percent verification can be deter
mined for any colony validation test: 

No. of colonies meeting verification test 
No. of colonies subjected to verification 

X 100 = Percent verification 

3.7.2 Verification is required for all posi
tive samples from potable waters. 

3.7.3 Verification is also recommended 
for establishing quality control in research for 
use with new test waters, new procedures or 

new technicians, for identifying unusual col
ony types and as support for data used in legal 
actions. 

3.7.4 The worker is cautioned not to apply 
the percentage of verification determined for 
one sample to other samples. 

3.7.5 The careful worker may also pick 
non-typical colonies and follow the verification 
procedure to determine that false negative col
onies do not occur. 

3.8 Significant Figures: See k.8. 1. 

3.9 Repeatability and Reproducibility of 
Counts: Analysts should be able to duplicate 
their own colony counts on the s3me mem
brane within 5% and the counts of other ana
lys:s within 10%. Failure to agree within these 
limits should trigger areview of procedures. 

4. Most Probable Number (MPN) Method 

4.1 Summary: The Most Probable Num
ber procedure estimates the number of spe
cific organisms in water and wastewater by 
the use of probability tables. 

Decimal dilutions of samples are inocu
lated in series into liquid tube media. Positive 
terts are indicated by growth and/or fermenta
tive gas production. Bacterial densities are 
based on combinations of positive and nega
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tive tube results read from the MPN table. The 
MPN procedure may be carried to three stages 
of completion: 

4.1.1 The Presumptihe Test provides a 
preliminary estimate of bacterial density 
based on enrichment in minimally-restrictive 
tube media. The results of this test are never 
used without further analyses. 

4.1.2 The Confirmed Test, the second 
stage of the MPN, is the usual extent of testing. 
Growth from each positive Presumptive Test 
tube is inoculated into a more selective inhibi
tory medium. The tubes are incubated at the 
prescribed temperature and time, the positive 
reactions noted and counts calculated from 
the MPN table. 

4.1.3 The Completed Test is the third 
stage of the MPN used for total coliform 
analyses only. Positive tubes from the 
Confirmed Test are submitted to additional 
tests to verify the identification of the isolated 
microorganisms. Although the Completed Test 
provides the greatest reliability, the amount of 
time and the workload restrict its use to 
periodic substantiation of Confirmed Test 
results, to other QC checks on methodology 
and analysts, and to resoarch. 

4.2 Scope and Application 

4.2.1 Adantages: The MPN procedure 
has the advantages inherent in liquid nutrient 
media. 

(a) The Presumptive and Confirmed Tests 
require only observing and recording of 
gas/no gas for coliforms and growth/no 
growth for fecal streptococci. The tests requireminimal experience, training or interpretation
bythe analyst, 

(b) Water samples with high turbidity or 
large numbers of algae have no apparent dele
terious effect on the tube reactions. 

(c) If a toxic substance is present in the . 
sample, the resultant 1:10 or 1: 100 dilution of 
that sample in the liquid broth may reduce the 
toxicity to the point of no effect. 

(d)The MPN may be the only method appli. 
cable to problem sample materials such as 
bottom sludges, muds, soils and sediments 
(with blending). 

4.2.2 Limitations: The MPN procedure hs 
disadvantages: 

(a) This method is ordinarily limited to a 
maximum sample volume of 10 ml per tube, but 
100 ml portions are used in shellfish waters. 

(b)The time required for the test may be as 
long as 96 hours for a Confirmed Test result. 

(c) The MPN tables are probability calcula
tions and inherently have poor precision and 
contain a 23% bias at the 5 tube, th;ee dilution 
levels normally used. 

(4) The man-hour requirements to prepare 
glassware and media and to perform the tests 
are significant. 

(e) Relatively large amounts ofb~nch space, 
incubator space and tube/rack storage space 
aro required. 

(f) The procedure does .not lend itself to
field work. As compliance monitoring of water 
quality and effluent standards becomes a major 
legal requirement, the time, precision and 

equipment limitations cited in (b), (c), (d)and(e)above are more serious for the Iarge number of
 
field analyses which will be required.
 

(g) Background organisms or toxic con
stituents in 10 ml volumes of marine water can
interfere and be undetected.
 

4.2.3 The minimum MPN test that is ac
ceptable for water and wastewater analyses is. 
the Confirmed Test because of the high proba
bility of false positive reactions in the Pre
sumptive Test. 
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4.3 Apparatus and Materials 

4.3.1 Water bath or air incubator set at 35 
± 0.5 C for total ccliform and fecal strepto
cocci tests. Water bath at 44.5 ± 0.2 for fecal 
coliform test. 

4.3.2 Pipet containers of stainless steel, 
aluminum or pyrex glass for glass pipets. 

4.3.3 Inoculation loops, 3 mm diameter, 
and needle of nichrome or platinum wire, 26 
B&S gauge, in suitable holder. 

4.3.4 Disposable applicator sticks or plas- 
tic loops as alternatives to inoculation loops in 
4.3.3 above. 

4.3.5 Compound microscope, oil immer-
sion, 1000x. 

4.3.6 Culture tube racks, 10 X 5 open-
ings; each opening to accept 25 mm diameter 
tubes. 

4.3.7 Gas burner, Bunsen/Fisher types or 
electric incinerator unit. 

4.3.8 Sterile T.D. bacteriological or Mohr 
pipets, glass or plastic, of appropriate sizes, 

4.3.9 Dilution bottles (milk dilution), pyrex 
glass, marked at 99 ml volume, screw cap with 
neoprene liner. 

4.3.10 Pyrex culture test tubes 150 X 25 
or 150 X 20 mm containing inverted fermen-
tation vials, 75 x 10 mm and proper closures. 

4.3.11 Gram stain solutions (optional). 
See This Section 5.3. 

(a) Hucker's Crystal Violet Solution (stain). 

(b)Lugol's Iodine Solution (mordant). 

(c) Acetone Alcohol (decolorizer). 

(d)Safranin Solution (counterstain). 

4.3.12 Glass microscope slides, 2.5 x 7.6 
cm (1 x 3 inches). 

4.4 Media: Appropriate media dispensed 
Intest tubes or in fermentation test tubes. See 
Part 111.for specific media. 

4.5 Dilution Water: Sterile 99 ± 2 ml 
volumes in screw-cap pyrex glass bottles. See 
Part II-B, 7. 

4.6 Presumptive Test 

4.6.1 Shake the sample or dilution con
tainer vigorously about 25 times. 

4.6.2 To perform the Presumptive Test, 
arrange a series of three or more rows of 
culture tubes containing the test medium in a 
rack, providing for five replicates in each row. 
Use five rows for samples of unknown density..
Inoculate each successive row with decreas
ing decimal dilutions of the sample. For exam
pie, in testing polluted waters for total coli
forms, the initial sample inoculations might be 
0.1,0.01,0.001, 0.0001,0.00001 ml of origi
nal sample into successive rows each contain
ing five replicate volumes. This series of Sam
pie volumes would yield determinate results 
from test weters containing up to 16,000,000 
organisms per 100 ml by use of the MPN
 
tables.
 

When removing sample aliquots or dilu
tions for further inoculations, do not insert the 
pipet tip more than 2.5 cm (1 inch) below the 
surface of the sample. 

4.6.3 Incubate tubes for 24±2 hours at 35 C. 
A positive presumptive test is gas production 
for the coliforms or growth for fecal strepto
cocci. After 24 hours incubation, examine the 
tubes for gas formation and/or growth. Inocu
late positive tubes into Confirmed Test media. 
If there is no gas or growth reincubate these 
negative tubes for an additional 24 hours. 

4.6.4 Ifthe Presumptive tubes are negative
after 48 ± 3 hours, discard tubes. If the Pre
sumptive tubes 3re positive, the cultures are 
verified in the Confirmed Test. Record the 
negative and positive results. 
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4.7 Confirmed Test 

4.7.1 The Confirmed Test is performed by
verifying positive tubes from the Presumptive
Test at 24 and 48 hours. If Presumptive tubes 
are positive at 24 hours, confirm them at that 
time. 

4.7.2 A positive test is indicated by gas
production for the coliform bacteria or growth 
for fecal streptococci. After 24 ± 2 hours incu-
bation, examine the tubes for gas formation
and/or growth. If there is no gas/growth, rein-
cubate these negative tubes for a second 24 
hours. 

4.7.3 After 48 hours ± 3 hours examine 
tubes for gas and/or growth, record positive
and negative results. Discard negative tubes. 
Retain positive tubes if the test is to be carried 
to completion for t.ftal coliform tests, 

4.7.4 The fecal coliform MPN test is per-
formed by inoculating EC Broth tubes with 
growth from all positive Presumptive tubes and 
incubating them at the elevated temperature of
44.5 C for 24 hours. Gas production is the posi-
tive reaction. 

4.7.5 Passage of positive Presumptive cul-
tures through the ConfirmedTestcompletes the 
MPN series for fecal streptococci and fecal 
coliform bacteria. (colifrm bctera. 

4.7.6 In routine practice, most sample ax-

aminations for total coliform are terminated at 

the end of the Confirmed Test. However, for 

quality control, at least five percent of the Con-

firmed Test sam'ples and a minimum of one 

sample per test runi) should be carried through
the Completed Test. 

4.8 Completed Test for Total Coliform
MPN 

Positive Confirmed Test cultures may be
subjected to final Completed Test identification 
through application of fiirther culture tests, 
as follows: 

4.8.1 Streak Levine's EMB agarplatesfrom
each positive confirmatory tube and incubate at 

35 C for 24 hours. Pick typical coliform colonies 
(or atypical colonies if no typical colonies arepresent), inoculate into lauryl tryptose fermen
tation tubes and incubate at 35 C for 24-48 
hours. The formation of gas in any amount in 
the fermentation tubes constitutes a positive
Completed Test for total coliforms. 

Typical colonies show a golden green
metallic sheen or reddish purple color with 
nucleation. 

Atypical colonies are red, pink or colorless, 
unnucleated and mucoid. 

4.8.2 Optional Gram S~aiii Pr'i cedure 
- G m t___ 

The gram stain test has been used in the 
Completed MPN Test for demonstrating gram
negative, nonsporeforming rods from isolated 
colonies. Although the gram stainprocedure is 
proposed for revision of the 15th edition of 
Standard Methods, it provides a final check on 
results and remains useful for evaluating ques
tionable colony types. 

After incubation of the EMB agar plates for 
24 hours at 35 C (in 4.8.1) pick at least two 
typical colonies (or atypicals if no typical colo
nies are present) and inoculate onto nutrient 
agar slants.lncu._axae..f..24.hours.5 C, and 
pro asin 5, this Section. 

4.9 Calculation of MPN Value/ 

4 C tVe 

>.The calculated density ofthe Confirmed or 
cbnpeted-Test ray be obtained from the MPN 
table based on the number of positive tubes 
and reactions in each dilution. 

4.9.1 Table II-C-4 illustrates the MPN indi
ces and 95% Confidence Limits for general use. 

4.9.2 Table II-C-5 shows the MPN indices 
and limits for potable water testing. 

4.9.3 Three dilutions are necessary to 
formulate the MPN code. For example in Table 
II-C-4 if five 10 ml, five 1.0 ml, and five 0.1 ml 
portions are used as inocula and positive results 
are observed in five of the 10 ml inocula,
three of the 1.0 inocula, and none of the 0.1 
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TABLE li-C4
 

Most Probable Number Index and 95% Confidence Limits for Five Tube, Three Dilution Series (8, 9)
 

No. of Tubes Giving 
Positive Reaction out of MPN 

95% Confidence 
Limits 

No. of Tubes Giving 
Positive Reaction out of MPN 

95% Confidence 
Limits 

- Index - Index 
5 of 10 5 of 1 5 of 0.1 per Lower Upper 5 of 10 5 of 1 5 of 0.1 per Lower Upper 
ml Each ml Each ml Each 100 ml ml Each ml Each ml Each 100 ml 

0 0 0 <2 
0 
0 

C 
1 

1 
0 

2 
2 

<0.5 
<0.5 

7 
7 

4 
4 

2 
3 

1 
0 

26 
27 

9 
9 

78 
80 

0 2 0 4 <0.5 11 4 3 1 33 11 93 
0 
0 1 0 0 2 <0.5 7 

4 4 0 34 12 93 

1 0 1 4 <0.5 11 5 0 0 23 7 70 
o 1 I 0 4 <0.5 11 .5 0 1 31 11 89 

1 
1 

1 
2 

1 
0 

6 
6 

<0.5 
<0.5 

15 
15 

5 
5 

0 
1 

2 
0 

43 
33 

15 
11 

110 
93 

5 1 1 46 16 120 
2 0 0 5 <0.5 13 5 i 2 63 21 150 
2 0 1 7 1 17 
2 
2 

1 
1 

0 
1 

7 
9 

1 
2 

17 
21 

5 
5 

2 
2 

0 
1 

49 
70 

17 
23 

130 
170 

2 2 0 9 2 21 5 2 2 94 28 220 
2 3 0 12 3 28 5 3 0" 79 25 190 

3 0 0 8 1 19 
5 
5 

3 
3 

1 
2 

110 
140 

31 
37 

250 
340 

3 
3 

0 
1 

1 
0 

11 
11 

2 
2 

25 
25 

5 
5 

3 
4 

3 
0 

180 
130 

44 
35 

500 
300 

3 
3 

1 
2 

1 
0 

14 
14 

4 
4 

34 
34 

5 
5 

4 
4 

1 
2 

170 
220 

43 
57 

490 
700 

3
3 

2
3 

1
0 

17
17 

5
5 

46
46 

5
5 

4
4 

3
4 

280 
350 

90 
120 

850 
1,00 

4 r 0 13 3 31 5 5. 0 240 68 750 
4 
4 

0 
1 

1 
0 

17 
17 

5 
5 

46 
46 

5 
5 

5 
5 

1 
2 

350 
540 

120 
180 

!,000 
1.40C 

4 
4 
4 

1 
1 
2 

1 
2 
0 

21 
26 
22 

7 
9 
7 

63 
78
67 

5 
5
5 

5 
55. 

3 
45 

920 
1600> 2400 

1300 
C40 

3,200 
5,80058 

- .a



TABLE It-C-

Most Probable Number Index and 95% Confidence Limits for Testing Potable Waters 

Nu TubesNumber of Positive MPNbeT obe P siiv 
M Nlowerfrom five 10 ml Portions Index/100 ml 95% Confidence Limits 

Upper 

0 < 2.2 0 6.0 

1 2.2 0.1 12.6 

2 5.1 0.5 19.2 

3 9.2 1.6 29.4 

4 16. 3.3 52.9 

5 > 16. 8.0 Infinite 
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', 4. 

ml inocula, the coded results of the test are sample volume to increase the positive tubes
 
5-3-0. The code is located in the MPN Table, in the highest diluti'on selec,'ed. See Table Il-C
and the. MPN index of 79 per 100 ml is 6,Test4.
 
recorded.
 

(e) There should be no negative results in 
4.9.4 When the series of decimal dilutions higher sample volumes than those chosen. 

is other than 10, 1.0 and 0.1 ml, select the However, if negative tubes are present, e.g., 
MPN value from Table II-C-4 and calculate 4/5, 5/5, 3/5 and 0/5 the highest sample vol
according to the following formula: ume with all positive tubes must be used along 

10 with the next two lower sample volumes. SeeTable II-C-6, Test 5.
 
MPN (From Table) X Largest Quantity Tested
 

(f) If all tubes are positive, choose the three 
- MPN/100 ml highest dilutions. See Table Il-C-6, Test 6. 

(g) If all tubes are negative, choose the 
As an example, five ou: of five 0.01 ml three lowest dilutions. See Table Il-C-6, Test 7. 

portions, two out of five 0.0k " ml portions, 
and zero out of five 0.0001 ml j::,rtions from a (h) If positive tubes skip a dilution, select 
sample of water, gave positive reactions. From the highest dilution with positive tubes and the
 
the code 5-2-0 in MPN Table (Table II-C.4), the two lower dilutions. See Table II-C-6, Test 8.
 
MPN index 49 is adjusted for dilutions:
 

(i) lfonlythe middle dilution Is positive, 

select this dilution and one higher and
1 

49 (From Table) X01 = 49,000 lowerdilution. See Table lI-C-6, Test 9. 

4.9.6 A number of theoretically possible 
The final corrected MPN Value = combinations of positive tube results are omit

49,000/100 ml. ted in Table II-C-4 because the probability of
 
their occurrence is less than 1%. If such un,
 

4.9.5 If more than the above three sample likely tube combinations occur in more than 
volumes are inoculated, the three significant 1 % of samples, review the laboratory proce
dilutions must be determined. The significant dures for errors and note sample types. Collect 
dilutions are selected using the following fresh sa
 
rules:
 

(al Only three dilutions are used in the each sample based upon the number of 
code for calculating an MPN value. positive and negative Presumptive, Confirmed 

(b) To obtain the proper three dilutions, milliliters tested(10). MPN/100 ml 
select the smallest sample volume giving all 
postive results and the two succeeding lesser 
sample volumes. See Table II-C-6, Test 1and 2. No. of Positive Tubes X "0. 

(c) If less than three dilutions show posi- / (No. of ml in Negative Tubes) X 
tive tubes, select the three highest sample (No. of ml in All Tubes) 
volumes which will include the dilutions with 
the positive tubes. See Table II-C-6, Test 3. 

Example: From a sample of water, five out 
(d) If there are positive tubes in the dilu- of five 10 ml portions, two out of five 1.0 ml 

tions higher than these dilutions selected, pos- portions, and zero out of five 0.1 ml portions 
itive results are moved up from these dilutions 
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TABLE I1-C-6 

Selection of Coded Results, Five Tube Series 

Test 10 
Positive 

1.0 
Tubes/ml Sample Volume 

0.1 0.01 0.001 0.0001 Code 

1 

2 

3 

4 

5 

6 

7 

8 

9 

5 

5 

5 

4 

3 

5 

4 

5 

5 

5 

0 

4 

0 

0 

4 

1 

4 

3 

5 

0 

0 

1 

0 

0 

0 

.1 

0 

5 

0 

2 

0 

0 

0 

0 

1 

0 

5 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

' 

5-3-0 

5-4-0 

4-1-0 

5-4-2 

5-3-0 

5-5-5 

0-0-0 

4-0-2 

0-1-0 

*Underlines indicate positive tube series selected for code. 
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gave positive results. Therefore, MPN/100 ml 

7 x 100 
50.22 x (55.5)(3.5) 

or 

MPN/IOOml = 50 

4.10 Reporting Results: Report the MPN 

value for water samples on the basis of 100 ml 

of sample. Report the MPN values of solid type 

samples cn the basis of 1 gram of dry weight 
sample. 

Examples of bench forms are shown in 
Figures I-C-1; 2 and 3. 

4.11 Precision and Accuracy 

4.11.1 The precision of the MPN value 
increases proportionately with the number of 
replicates tested. 

4.11.2 Multiple-tube values are generally 
high because MPN tables include a 23% posi
tive bias. 

4.11.3 MPN numbers represent only a sta-
tistical estimate of the true bacterial density in 
the sample. The 95% Confidence Limits for 
each MPN value included in the Tables 11-C-4 
and 5 show the limited precision of these 
estimates. 

5. Staining Procedures 

5.1 Preparation of Bacterial Smears 

5. 1.1 Place a small drop of laboratory pure 
water on a clean slide, 

5.1.2 Using a sterilized inoculating nee-

dle, pick a small amount of growth from the 
agar slant. Mix the bacteria with the drop of 
water on the slide and spread evenly over an 
area the size of a quarter. Use loop for broth 
cultures. 

5.1.3 Air-dry the smear and fix by quickly 
passing the slide several times through a por
tion of the flame. 

5.2 Gram Stain 

terization of bacteria and for examination ofGram staining is a general test for charac
culture purity. 

5.2.1 Prepare and fix a bacterial smear as 
in 5.1. For quality control, prepare a separate 
smear of known gram positive cocci and gram 
negative rods. 

5.2.2 Flood the smoar with ammonium 
oxalate-crystal violet stain for one minute. 

5.2.3 Wash the slide in a gentle stream of 
tap or pure water and flood with Lugol's iodine 
solution (mordant). Allow it to remain for one 
minute. 

5.2.4 Wash the slide in water and blot dry. 

5.2.5 Decolorize with acetone alcohol, 
either by adding it dropwise on the tilted slide 

until the blue color stops flowing from the 

smear, or by gently agitating the slide up and 
down in a beaker containing the alcohol wash 
for about 30 seconds. 

5.2.6 Flood the smear with the safranin 
counterstain for 10 seconds. Wash and air-dry. 
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5.2.7 Examine under the oil immersion 
objective. Gram positive cells retain the crystal 
violet stain and are blue in color, Gram negative 
cells are decolorized by the acetone alcohol so 
that they accept the safranin countarstain and 
appear pink to red. 

6.3 Stain Sol:tions 

Only those stains and dyes which are certi
fied by the National Biological Stain Commis-
sion should be used. 

5.3.1 Loeffler's Methylene Blue 

(a) Methylene Blue-ethyl alcohol solution. 

(1) Dissolve 0.3 grams of methyleno blue 
(90% dye content) in 30 ml of 95% ethyl alcohol 
(Solution A). 

(2) Dissolve 0.01 grams of potassium 
hydroxide in 100 ml of laboratory pure water 
(Solution B). 

(3) Mix solution A and B. 

5.3.2 Solutions for Gram Staining 

(a) Ammonium oxalate-crystal violet 
solution: 

(1) Dissolve 2 grams crystal violet (approxi-
mately 85% dye content) in 20 ml of 95% 
ethyl alcohol (Solution A). 

(2) Dissolve 0.8 grams ammonium oxalate 
in 80 ml laboratory pure water(Solution B). 

(3) Mix Solutions A and B. 

(4) Filter through cheesecloth or coarse 
filter paper. 

(5) Problems with the gram stain tech
nique are frequently traceable to the 
ammonium oxalate-crystal violet solution. In 
the event that decolorization is insufficient, the 
amount of crystal violet in the solution can be 
reduced to as little as 10% of the 
recommended amount. 

(b)Lugol's iodine: Dissolve 1 gram iodine 
crystals anu 2 grams potassium iodide in 
about 5 ml of pure water. After crystals are in 
solution, add sufficient laboratory pure water 
to bring the final solution to a volume of 300 
ml. 

(c) Acetone-Alcohol: Combine fifty ml 
volumes of acetone and 95% ethyl alcohol. 

(d) Safranin: Dissolve 2.5 grams of safra
nin in 100 ml of 95% ethyl alcohol. Store as a 
stock solution. For working solution, add 10 ml 
of stock to 100 ml of laboratory pure water, 
mix and store. 

6. Shipment of Cultures 

6.1 Confirmation or further identification 
to serotype may be required if the bacteriologi
cal data are to be used for specific needs such 
as enforcement cases, epidemiological stud
ies, tracing sources of pollution or scientific 
publication. The selected cultures should be 
sent to an official typing center or state health 
laboratory with pertinent information for the 
confirmatory identification. This serice'is usu

ally available if the cultures are of public health 
significance, but permission should be ob
tained from the reference laboratory before 

sending cultures. 

Observe the following instructions: 

6.1.1 Send only pure cultures. 

6.1.2 Provide a culture with discernable 

growth on brain heart infusion agar, blood 
agar base or nutrient agar stab in a screw-cap 
tube or vial sealed with a cork soaked in hot 
paraffin. Triple sugar iron agar or other sugar
containing agars should not be used. 

6.1.3 Complete the reference laboratory 
form which requires information on the source 
of the culture, tests completed, results 
obtained and identification of the originating 
laboratory. Include form with cultures, but on 
outside of secondary container. 

ISOLATION AND ENUMERATION 87 



6.2 Shipping Regulations for Cultures: 
Transportation (DOT) regulations apply to sur-
face and air transportation, but shipment of 
cultures beyond 100-200 miles is only practi-
cal by air. Air freight service is limited in many 
areas, hence passenger-carrying aircraft must 
be used for safe and quick service. Strict ehip-
ping regulations are imposed on such passen-
ger service shipments (11). Packaging and la
beling of the cultures must conform with cur-
rent federal shipping regulations for etiologi-
cal agents described in: 49 CFR 173.387 (12) 
and 42 CFR 72.25 (c)(13). The requirements in 
6.2.1-6.2.8 that follow are also shown in Fig-
ure 11-C-10. 

6.2.1 Place each culture in a securely 
closed, watertight PRIMARY CONTAINER 
(screw-cap test tube or vial) and seal the cap 
with tape. 

6.2.2 Wrap the PRIMARY CONTAINER 
with sufficient absorbent material (paper 
towel, tissue, etc.) to absorb the entire con-
tents should breakage or leakage occur. 

6.2.3 Place the wrapped, sealed, 

PRIMARY CONTAINER in a durable, watertight 

SECONDARY CONTAINER (screw-cap metal 
mailing tube or sealed metal can). Screw-cap 
metal mailing tubes should be sealed with 
tape. Several PRIMARY CONTAINERS of 
cultures, each 'ndividually wrapped in 
absorbent material, may be placed in the 

SECONDARY CONTAINER provided that the 
total aggregate volume does not exceed 50 
ml. (NOTE: Multiple secondary containers of 
cultures, which individually meet the 
packaging requirements for shipment of 50 ml 
or less, can be overpacked in a single outer 
shipping container, provided that the total 
aggregate volume does not exceed 4000 ml). 

6.2.4 Data forms, letters and other infor
mation identifying or describing the cultures 
should be placed around the outside of the 
SECONDARY CONTAINER. DO NOT ENCLOSE 
WITHIN THE SECONDARY CONTAINER. 

6.2.5 Place the SECONDARY CONTAINER 
and information form in an OUTER MAILING 
TUBE OR BOX. 

6.2.6 Place an address label and 
ETIOLOGIC AGENT/MICROBIOLOGICAL CUL-
TURES label on .he outer mailing tube or box. 

6.2.7 Individual primary containers of 
greater than 50 ml of culture material require 

special packaging and cannot be transported 
on passenger-carrying aircraft. 

6.2.8 International shipments must also 
conform to the added regulations: US Post 
Office Publication 51, Air Cargo Restricted Art
icles Tariff 6-D and DOT Regulations 49 CFR, 
Section 173. 
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PART II. GENERAL OPERATIONS
 

Section D Selection 

This Section discusses the selection of 
methods for monitoring water and wastewater 
in response to the Laws, the microbiological 
standards that have been established, and the 
criteria that have been recommended to en-
force the laws. The major problems that have 
developed in the appliration of the methods 
are identified and solutions are given where 
they are available. 

1. 	 Meihodology 

1.1 	National Interim Primary 
Drinking Water Regu
lations 

1.2 JPDES Guidelines 
1.3 Marine Sanitation Regu. 

lations 
1.4 Water Quality Standards 
1.5 Water Quality Criteriii 
1.6AlternateTestProcodures 

2. 	 Problems in Application 

2.1 Stressed Microorganisms 
2.2 Incomplete Recovery/ 

Suppression 
2.3 Interference by Turbidity 
2.4 Analysis of Ground Water 
2.5 Field Problems 
2.6 Method Modifications 

and Kits 
2.7 Changes in Membrane 

Filters and Methodoigy 
2.8 Klebsiellain lnd-istria; 

Wastes 

of Analytical Methods 

3. 	 Recommendations for Methods 
in Waters and Wastewaters 

1. Methodology 

Test procedures have been specified and 
published in Fedetal Registor for drinking 
water, wastewater discharges (NPDES) and 
vessel discharges. 

1.1 National Interim Primary Drinking 
Water Regulatlns 

Although the National Interim Primary 
Drinking Water Reigulations (Title 40 CFR Part 
141) state that the total coliform analyses can 
be performed by the membrane filter or MPN 
procedures, the MF procedure is preferred 
because large volumes. of samples can be 
analyzed in a much shorter time, a critical 
factor for potable water. Samples containing 
excessive noncoliform populations or turbidity 
must be analyzed by the MPN technique.
These regulations specify the testing of 
sample sizes of 100 ml for the MF technique 
and the testing of five replicate 10 or 100 ml 
volumes for the MPN prccedure. The law 
directs that the samples be taken at points 
representative of the distribution system. 
The minimal schedules for the frequency 
of sampling are based on populotion and 
the required response is given for positive 
test results. A detailed description of the 
proposed criteria for interim certifi
cation of microbiology laboratories under 
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the Safe Drinking Water Act is given in 
Appendix B. 

1.2 National Pollution Discharge 
Elimination System(NPDES)Guidelines 

The NPDES established guidelines for 
analysis of pollutants under PL 92-500, 
Section 304 (g). The parameters and methods 
are described in 40 CFR Part 136, as amended 
(40 Code of Federal Regulations, Protection of. 
the Environment, ch. 1 - Environmental 
Pr-otection Agency, Part 136, Guidelines 
Establishing Test Procedures fcr the Analysis 
of Pollutants). The method must be specified
and MP;1Js must be five tube, five dilution. See 
Table II.D-1. 

1.3 Marine Sanitation Regulations 

The regulations for marine sanitation 
devices (40 CFR Part 140) established 
performance standards and specified the 
analytical methods as those promulgated in 
40 CFR Part 136, cited in 1.2 above. 

1.4 Water Qluality Standards 

Water quality standards (limits) have been 
established by law for drinking water and 
certain sewage and industrial effluents. These 
standards and the reference sources are listed 
in Table II-D-2. A standard must be specified in 
the NPDES permit to be enforceable, 

1.5 Water Quality Criteria 

Water quality criteria have been 
recommended by the EPA for certain types of 
water classified according to use. These 
criteria are listed in Table II-D-3. 

1.6 Alternate Test Procedures 

The amendments to 304 (g) also provide 
procedures for approval of alternate methods. 
National approval for test methods is obtained 
by application to EPA through EMSL-
Cincinnati while case by case approval is 
obtained by application through the EPA 
Regional Offices (40 CFR 136.4). 

2. Problems in Application 

Although the methods described in this 
Manual are judged the best available, there are 
difficulties ;n the application of methods in 
different geographical areas, in certain wastes 
and in some potable and surface waters. Addi
tional problems can stem from the indiscrimi
nate use of new and simplified equipment, 
supplies or media that have been proposed for 
use in these procedures. 

2.1 Stressed Microorganisms 

Some water and wastewater samples con
tain microorganisms which should reproduce 
but do not under the conditions of test. These 
organisms have been described as injured or 
stressed cells. The stress may be caused bytemperature changes or chemical treatment 

such as chlorine or toxic wastes (1). 
Stressed organisms are particularly 

important in environmental measurements 
because tests for bacterial indicators or 
pathogens can give negative responses, then 

recover later and multiply to producedangerous conditions. Subsections 2.1.1 and 
2.1.2 describe efforts to recover stressedmirogns. 

2. 1. 1AmbientTemperature Effects 

Extreme ambient temperatures stress
 
microorganisms and reduce recovery of
 

microbiological indicators. For example, in 
Alaska and other extremely cold areas, the 
severe change from cold stre,3m temperature 
to 44.5 C temperature of incubation reduces 
recovery of fecal coliforms. The two-st, p IMF 
test for fecal coliforms increases recoveries by 
use of a 2-hour acclimation on an enrichment 
medium at 35 C before normal incubation at 
44.5 C. 

In contrast, water samples from natural 
waters at high temperatures may include large 
numbers of non-coliform organisms which in
terfere with sheen production on MF's and 
with positive gas production in MPN analyses. 
An improved MF medium that provides greater 
selectivity is desirable but may not be possible 
without sacrificing recovery. 
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TABLE II-D-1
 

Approved Test Procedures for the Analysis of Pollutants (40 CFR 136)
 

Parameter per 100 ml 	 Method Reference nd Page No. 
SM1 USGS' This Manual 

Fecal Coliforms 	 MPN 922 Part III C, 5
 
MF 937 45 Part IIl C, 2
 

Fecal Coliforms in 	 MPN 922 Part III C, 5 
presence of chlorine 	 MF 928, 937 Part III C, 2 

Total Coliforms 	 MPN 916 Part III B, 4 
MF 928 35 Part III 8, 2 

Total Coliforms in MPN . 916 Part III B, 4 
presence of Chlorine MF 933 Part III 8,-2 

Fecal Streptococci 	 MPN 943 Part III D, 4 
MF. 944 50 Part III D, 2 
Plate Count 947 Part II D, 5 

I Standard Methods for the Examination of Watar and Wastewater, 14th Edition, (1975). 

2 Slack, K. V., et.al. Methods for Collection and Analysis of Aquatic Biological and 
Microbiological Samples. USGS Techniques of Water Resources Inv., Book 5, ch. A4 (1973). 

3 Since the MF technique usually yields low and variable recovery from chlorinated 
wastewaters, the MPN method will be required to resolve any controversies. 
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Water or 
Wastewater 

Potable Water 

Chlorinated Effluents 

2"Treatment Wastes 

Selected Industrial Wastes 

Leather and Tanning 

Feed Lots 

Meat Products 

Beet Sugar 


Canned Fruits and 
Vegetables 

Textiles 

Effluents from Marine
 
Sanitation Devices with
 
Discharges Type I 


Type II 


Water 

TABLE ll.D.2 

Quality Standards 

Microbiological 
Standards Reference 

Coliforms/100 ml Source 
Total Fecal 

<5 -	 PL 93-523
 

- 200-400 	 Pl 92-500
 

- 200-400 	 40 CFR Part 133
 

- 200-400 	 PL 92-500
 

- 400 	 40 CFR Part 425
 

- 400 	 40 CFR Part 412
 

- 400 	 40 CFR Part 432
 

- 400 	 40 CFR Part 409
 

- 400 	 40 CFR Part 407
 

- 400 	 40 CFR Part 410
 

- 1000 	 40 CFR Part 140
 
and Amendments.-,
.
 

- 200 40 CFR Part 140
 
and Amendments
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TABLE 1I-D-3 

Water Quality Criteria 

Water or 
Wastewater 

Statistical 
Measure 

Microbiological Criteria 
Coliforms/lOD ml 

Total Fecal 
Reference 

Source 

Public Water Supply log 7 20000 2000 A 

Recreational Water. 
Primary Contact 

General Contact 

Agricultural Water 

log X/30 days 
maximum/30 days, 

in 10% of Samples 

log X/30 days 
maximum/30 days, 

in 10% of Samples 

monthly X 5000 

200 
400 

1000 
2000 

1000 

B 
B 

B 
B 

B 

Shellfish-Raising Waters 
Daily Median 

Highest 10% of 
Daily Values 

70 
230 

14 
43 

C & D 

A Water Quality Criteria, EPA. March, 
Office, Washington, DC 20402. 

1973. Superintendent of Documents, U.S. Government Printioq 

B Water Quality Criteria, FWPCA, April 1.1968. Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402. 

C National Shellfish Sanitation Program Manual of Operation. U.S. Dept. of HEW, 1965. Public Heaith 
Service Publ. No. 33. Superintendent of Documents, U.S. Government Printing Office, Washington, DC 
20402. 

D Quality Criteria for Water, July 1976, O.W.H.M., US EPA. 
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2.1.2 Chlorinated Effluents and Toxic 
Wastes 

Although thiosulfate is added to all 
samples suspected of containing chlorine, to 
neutralize its toxic effects, the membrane filter 
procedure yields poor recovery of coliforms 
from chlorinated effluents as compared to 
MPN recovery (1-6). A recent amendment to 
40 CFR 136 added Coliform bacteria (Fecal) in 
the presence of chlorine, as a specific 
parameter and recommended analysis by the 
MF or MPN techniques (7). A qualifying state-
ment appended to the method in 40 CFR Part 
136 requires the five tube, five dilution MPN 
and states: "Since the membrane filter 
technique usually yields low and variable 
recovery -1ron chlorinated wastewaters, the 
MPN method will be required to resolve any 
controversies." Therefore, the MPN procedure 
should be used in analysis of chlorinated 
effluents where the data may be chalienged by 
legal or enforcement actions. The MF may be 
used currently for self-monitoring situations. 
(See Table 11-D-1). 

Proposed changes in MF materials and 
procedures include new membrane filter for-
mulations, an agar overlay technique, modified 
media and twostep methods (1). Present modi-
fications of the MF method have not produced 
recoveries of fecal coliforms from chlorinated 
effluents equivalent to MPN recoveries. Thor-
ough evaluation and approval of proposed pro
cedures by EPA are required before changes 
will be acceptable. 

Certain types of wastes show recovery 
problems for total and fecal coliforms: 

1. 	 Primary and Chlorinated-Primary 
Waste Effluents. 

2. 	 Chlorinated-Secondary and Chlor-
inated-Tertiary Waste Effluents. 

3. 	 Industrial wastes containing toxic 
metals or phenols. 

When turbidity and low recovery prevent 
the 'jpplication of the MF technique to coliform 

aialyses of primary end secondary effluents or 
industrial wastes containing toxic materials, 
the MPN procedure is required. However, the 
two-step MF procedure for total coliforms 
described in this Manual and in Standard 
Methods is acceptable for toxic wastes. 

If the MF procedure is applied ti 
chlorinated or toxic. samples, the laboratorl 
should require data from at least 10 samples 
collected over 1week of plant processing (but 
not less than 5 calendar days) to show 
comparability of the MF to the MPN technique. 
See Part IV-C, 3 for details. 

2.2 Incomplete Recovery/Suppression 

When coliforms are present in low num
bers in 	 drinking water, high levels of non
coliforms can suppress growth or mask detec
tion. This problem may appear as a mass of 
confluent growth on a membrane filter or as 
spots of sheen in this confluent growth. In the 
MPN procedure, presumptive tubes may show 
heavy growth with no gas bubbles, dilution 
skips or unusual tube combinations. When 
these negative presumptive tubes are trans
ferred to BGLB, they confirm in this more re
strictive medium, indicating that the coliform 
gas production in the Presumptive Test was 
suppressed by non-coliforms. 

2.3 Interference by Turbidity 

The tendency of bacteria to clump and 
adhere to particles can produce inaccurate 
resultv in the analysis of water samples. The 
National Interim Primary Drinking Water Regu
lations (NIPDWR) specify one turbidity unit as 
the primary maximum allowable level but per
mit up to five turbidity units if this level does 
not interfere with disinfection or microbiologi
cal analyses. Turbidity can interfere with filtra
tion by causing a clumping of indicators or 
clogging of pores. The turbidity as organic 
solids can also provide nutrients for bacterial 
growth and subsequently produce higher 
counts. The type of particles variably affects 
the filtration rate; for example, clay, silt or 
organic debris clog more easily than sand. 
Background organisms may also be imbedded 
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in the particles and interfere with the coliform 
detection. 

2.4 Analysis of Ground Water 

Although total coliforms are a valid mea-
sure of pollution, their use as indicators in 
analyzing ground waters and rural community 
supplies may not sufficiently describe the 
water quality. For example, ground waters fre-
quently contain high total counts of bacteria 
with no coliforms. Such waters pass Interim 
Drinking Water Regulations but technical judg-
ment must conclude these are not acceptable 
as potable waters. 

2.5 Field Problems 

Assurance of data validity demands sam-
pie analyses within the shortest time interval 
after collection. This need requires field ana-
lyses using either a mobile laboratory or field 
kit equipment. Since a mobile labolratory may 
not be available for a survey, it is likely that at 
least a part of the analyses will need to be 
completed in an onsite facility. If the analyses 
can be done using membrane filtraticn tech-
niques, field kits such as Millipore's Water 
Laboratory and MF Portable Incubator (heat 
sink) are particularly helpful for rapid set-up 
and analyses of limited samples. However, if 
large numbers of samples are tested per day or 
the survey covers more than a few days, the 
heat-sink incubator is impractical because of 
limited capacity and high cost. In such surveys, 
a mobile laboratory utilizing water-jacketed in-
cubators is more practical. 

2.6 Method Modifications and Kits 

Commercial manufacturers continue to of
fer proprietory kits and method modifications 
to speed or simplify the procedures used in 
coliform and fecal coliform analyses, primarily 
for field use. Most of these units have not been 
demonstrated to produce results comparable 
to the official procedures. If not tested to the 
satisfaction of EPA, such method modifica-
tions and kits cannot be used for establishing 
total or fecal coliform numbers for permits 
under NPDES or for total coliform numbers 
under the Safe Drinking Water Act. The proce-

dure required for acceptance of an alternative 
procedure is described in 40 CFR Parts 136.4 
and 136.5, as amended. 

2.7 Changes In Membrane Filters and 
Methodology 

There is an expected pattern of changes 
in materials and methodology used in the 
manufacture of membrane filters. The changes 
may or may not be announced by the manu
facturer. Therefore, it is important for the 
laboratory to monitor membrane performance 
as described in Section A of Quality Control 
in this Manual. 

These changes include modification of 
formulations and the replacement of the 
0.45 pm pore MF by ci 0.7 pm retention pore 
MF for improved recovery. Tests by independ
ent investigators show that several MF's give 
comparable recovery (5, 6, 8, 9). however, 
enrichment or two-temperature incubations 
are needed before recoveries approach the 
MPN values (See 2.1.2 in this Section). 

This discussion of problems with new 
methodology and membrane materials should 
not be interpreted as indicating that EPA dis
courages new developments. Rather EPA en
courages the MF supply industry to test and 
examine procedures, to innovate and to re
search. The membrane filter manufacturers 
should be commended and encouraged to 
continue their efforts toward solving problems 
and improving materials and techniques in 
water microbiology. 

2.8 Klebsiellain Industrial Wastes 

Klebsiella bacteria (part of the coliform 
group) multiply in certain industrial wastes, are 
not differentiated from fecal coliforms by MF 
and MPN procedures and consequently are 
included in the results. These recoveries have 
been reported in textile, paper and pulp mills 
and other wastes. Objections have been raised 
to the application of fecal coliform standards 
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TABLE II-D-4 

Selection of Methods for Problem Samples 

Problem Area 	 Parameter Chosen Method of Choice 

Shellfish-harvesting waters 	 Total coliform MPN" 

Fecal Coliform 	 MPN" 

Marine & Estuarine Waters 	 Total Coliform MF/MPN 

Fecal Coliform 	 MF/MPN 

Treated Industrial Wastes Fecal Coliform MF 
(non-chlorinated, non-toxic) 
Low Solids Wastes 

Toxic Industrial Wastes Fecal Coliform MPN or alternate 
(metals, phenolics) and procedure, tested 
High Solids Wastes and approved-

Primary and Chlorinated- Total Coliform MPN or alternate 
Primary Municipal/Industrial procedure, tested 
Effluent and approved-

Fecal Coliform 	 MPN or alternate 
procedure, tested 
and approved

Chlorinated-Secondary Effluent 	 Total Coliform Two-Step MF 

Fecal Coliform 	 MPN or alternate 
procedure, tested 
and approved

*MPN recommended to conform with the MPN method specified for examination of 
shellfish. 

-Requires proof of comparability under EPA's specified test regime that the alternate 
procedure (MF, streak plate, etc.) is valid. See This Manual, IV-C, 3. 
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to these wastes because Klebsiella originate 
from other than sanitary sources. However, 
EPA does consider large numbers of Kleb-
siella, Aeromonas and other noncoliforms as 
indicators of organic pollution. Further, these 
organisms do occur in low densities in human 
and animal wastes. 

3. Recommendations for Methods in Watersand Wastewaters 

The amended Federal Water Pollution 

Control Act, the Marine Protection, Research 
and Sanctuaries Act and the Safe Drinking 
Water Actrequirerecommendationsonanalyt. 
ical methodology. Generally, the membrane 
filter methods are preferred over MPN and 
other techniques, where proven applicable. 

In Table 1l-1-4 , problem samples areI all--,rbe 	 ape r
identified and the analytical method recom
mended for parameters of choice. 
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PART III. ANALYTICAL METHODOLOGY
 

Section B Total 

This section describes the enumerative 
techniques for total coliform bacteria in water 
and wastewater. The method chosen depends 
upon the characteristics of the sample. The 
Section is divided as follows: 

1. 	 Definition of the Coliform 
Group 

2. 	 Single-Step, Two-Step 

and Delayed-Incubation
Membrane Filter '(MF)
Methods 

3. 	 Verification 

4. 	 Most Probable Number 
(MPN) Method 

5. 	 Differentibtion of the 
Coliform Group by Further 
Biochemical Tests 

1. Definition of the Coliform Group 

The coliform or total coliform group 
includes all of the aerobic and facultative an-
aerobic, gram-negative, nonspore-forming, 
rod-shaped bacteria that ferment lactose in 
24-48 hours at 35 C. The definition includes 
the genera: Escherichia, Citrobacter, Entero-
bacter, and Klebsiella. 

Coliform Methods 

2. Single-Step, Two-Step and Delayed-
Incubation Membrane Filter Methods 

2.1 Summary: An appropriate volume of a 
water sample or its dilution is passed through 
a membrane filter that retains the bacteria 
present in the sample. 

In the single-step procedure the filter retaining 

the microorganisms is placed on M-Endo agar, 
LES M-Endo agar or on an absorbent pad satu
frated with M-Endo broth in a petri dish. The 
test is incubated at 35 C for 24 hours. 

In the two-step enrichment procedure the filter 

retaining the microorganisms is placed on an 

absorbent pad saturated with lauryl tryptose 

(lauryl sulfate) broth. After incubation for 2 
hours at 35 C, the filter is transferred to an 
absorbent pad saturated with M-Endo broth, 

M-Endo agar, or LES M-Endo vgar, and incu
bated for an additional 20-22 hours at 35 C. 
The sheen colonies are counted under low 
magnification and the numbers of total coil
forms are reported per 100 ml of original
sample. 

In the 	delayed-incubation procedure, the 

filter retaining the microorganisms is placed 
on an absorbent pad saturated with M-Endo 
preservative medium in a tight-lidded petri 
dish and transported from field site to the 
laboratory. In the laboratory, the filter is trans
ferred to M-Endo growth medium and incu
bated at 35 C for 24 hours. Sheen colonies are 
counted as total coliforms per 100 ml. 
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2.2 Scope and Application: The total coli-
form test can be used for any type of water or 
wastewater, but since the development of the 
fecal coliform procedure there has been in-
creasing use of this more specific test as an 
indicator of fecal pollution. However, the total 
coliform test remains the primary indicator of 
bacteriological quality for potable water, distri- 
bution system waters, and public water sup-
plies because a broader measure of pollution 
is desired for these waters. It is also a useful 
measure in shellfish-raising waters. 

Although the majority of water and waste-
water samples can be examined for total coli
forms by the single-step MF procedure, 
coliforms may be suppressed by high back-
ground organisms, and potable water samples 
may require the two-step rnethod. 

If the membrane filtration method is used 
to measure total coliforms in chlorinated 
secondary or tertiary sewage effluents the 
two-step enrichment procedure is required. 
However, it may be necessary to use the MP 
method because of high solids in the wastes or 
toxicity from an industrial waste (see Part II-D, 
this Manual). 

The delayed-incubation MF method is 
useful in survey monitoring or emergency 
situations when the single step coliform test 
cannot be performed at the sample site, or 
when time and temperature limits for sample 
storage cannot be met. The method eliminates 
field processing and equipment needs. Also, 
examination at a central laboratory permits 
confirmation and biochemical identification of 
the organisms as necessary. Consistent results 
have been obtained with this method using 
water samples from a variety of sources (1,2). 
The applicability of this method for a specific 
water source must be determined in 
preliminary studies .by comparison with the 
standard MF method. 

2.3 Apparatus and Materials 

2'.3.1 Water jacket, air, or heat sink incu-
bator that maintains 35 ± 0.5 C. Temperature 

is checked against an NBS certified thermom
eter or equivalent. Incubator must have 
humidity control if loose-lidded pertri dishes 
are used. See Part lI-B, 1.2. 

2.3.2 A binocular (dissection) microscope, 
with magnification of 10 or 15x, and a day
light type fluorescent lamp angled to give max
imum sheen appearance. 

2.3.3 Hand tally. 

2.3.4 Pipet container of stainless steel, 
aluminum or pyrex glass for glass pipets. 

2.3.5 Sterile 50-100 ml graduated cylin
ders covered with aluminum foil or kraft paper, 

2.3.6 Sterile, unassembled membrane fil

tration units (filterbase and funnel), glass, plas
tic or stainless steel, wrapped with aluminum 
foil or kraft paper. Portable field filtration units 
are available. 

2.3.7 Vacuum source. 

2.3.8 Vacuum filter flask with appropriate 
tubing. Filter manifolds which hold a number 
of filter bases can also be used. 

2.3.9 Ultraviolet sterilizer for MF filtration 
units (optional). 

2.3.10 Safety trap flask between the filter 
flask and the vacuum source. 

2.3.11 Forceps with smooth tips. 

2.3.12 Methanol or ethanol, 95%, in small 

vial, for fleming forceps. 

2.3.13 Burnsen/Fisher burner or electric 
incinerator. 

2.3.14 Sterile TD bacteriological or Mohr 
pipets, glass or plastic, of appropriate size. 

2.3.15 Sterile petri dishes with tight
fitting lids, 50 x 12 mm or loose-fitting lids 60 
x 15 mm, glass or plastic. 
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2.3.16 Dilution bottles (milk dilution), py-
rex, marked at 99 ml volume, screw cap with 
neoprene rubber-liner. 

2.3.17 Membrane filters, white, grid-
marked, 47 mm diameter, with 0.45 1im ± 
0.02 irm pore size, or other pore size, as recom
mended by manufacturer for water analyses. 

2.3.18 Absorbent pads. 

2.3.19 Inoculation loops, at least 3 mm 
diameter, or needles, nichrome or platiium. 
wire, 26 B&S gauge, in suitable holder. 

2.3.20 Disposable applicator sticks or 
plastic loops as alternatives to inoculation 
loops. 

2.3.21 Shipping tubes, labels, and packing 
materials for mailing delayed incubation 
plates. 

2.4 Media: Media are prepared in pre-
sterilized erlenmeyer flasks with metal caps, 
aluminum foil covers, or screw caps. 

2.4.1 M-Endo broth or agar (See Part II-B, 
5.2.2). 

2.4.2 LES M-Endo agar (See Part II-B, 
5.2.4). 

2.4.3 Lauryl tryptose broth (See Part II-B, 
5.3.1). 

2.4.4 Brilliant green lactose bile broth 
(See Part lI-B, 5.3.2). 

2.4.5 M-Endo holding medium (See Part 1i-
B, 5.2.3). 

2.4.6 Sodium benzoate, U.S.P., for use in 
the delayed incubation procedure (See Part II-
B, 5.2.3). 

2.4.7 Cycloheximide (Actidione - Upjohn, 
Kalamazoo, MI) for use as antifungal agent in 
delayed incubation procedure (See Part II-B, 
5.2.3). 

2.5 Dilution Water (See Part II-B, 7 for 
preparation). 

2.5.1 Sterile dilution water dispensed in 
99 ± 2 ml amounts in screw-capped dilution 
bottles. 

2.5.2 Sterile dilution water prepared in 1 
liter or larger volumes for wetting membFanes 
before addition of small sample volumes and 
for rinsing the funnel after sample filtration. 

2.6 Procedure: Refer to the general proce-" 
dure in Part Il-C for more complete details. 

2.6.1 Single-Step Procedure 

(a)Prepare the M-Endo broth, M-Endo agar 
or LES M-Endo agar asdirected in Part l1-B. 

(b)Place one sterile absorbent pad in the 
bottom half of each petri dish. Pipet 1.8-2.0 ml 
M-Endo broth onto the pad to saturate it. Pour 
off excess broth. Alternatively, pipet 5-6 ml of 
melted agar into each dish (2-3 rm)and allow 
to harden before use. Mark dishes and bench 
forms with sample identities and volumes. 

(c) Place a sterile membrane filter on the 
filter base, grid-side up and attach the funnel to 
the base of the filter unit; the membrane filter 
is now held between the funnel and the base. 

(d) Shake the sample bottle vigorously 
about 25 times and measure the desired vol
ume of sample into the funnel. Select sample 
volumes based on previous knowledge to 
produce membrane filters with 20-80 coli
form colonies. See Table I-C-l. If sample vol
ume is < 10 ml, add 10 ml of sterile dilution 
water to the filter before adding sample. 

It is desirable to filter the largest possible 
sample volumes for greatest accuracy. How
ever, if past analyses of specific samples have 
resulted in confluent growth, "too numerou3to 
count" membranes, or lack of sheen from 
excessive turbidity, additional samples should 
be collected and filtration volumes adjusted to 
provide isolated colonies from smaller volumes. 
See 2.7.2 in this Section for details on adjusting 
sample volumes for potable waters. 
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The suggested method for measuring 
sample volumes is described in Part II-C, 3.4.0. 

(e) Filter sample and rinse the sides of the 
funnel at least twice with 20-30 ml of sterile 
dilution water. Turn off the vacuum and re-
move the funnel from the filter base. Asepti-
cally remove the membrane filter from the 
filter base and place grid-side up on the agar or 
pad. 

(f) Filter samples in order of increasing 
sample volume, filter potable waters first. 

(g)If M-Endo broth is used, place the filter 
on an absorbent pad saturated with the broth. 
Reseat the membrane, if air bubbles occur, as 
evidenced by non-wetted areas on the mem-
brane. Invert dish and incubate for 24 ± 2 
hours at 35 ± 0.5 C in an atmosphere with 
near saturated humidity. 

(h) If M-Endo agar or LES M-Endo agar is 
used, place the inoculated filteb directly on the 
agar surface. Reseat the membrane if bubbles 
occur. Invert the dish and incubate for 24 ± 2 
hours at 35 ± 0.5 C in an atmosphere with 
near saturated humidity. 

(i) If tight-lidded dishes are used, there is 
no requirement for near-saturated humidity. 

(j)After incubation remove the dishes from 
the incubator and examine for sheen colonies, 

(k) Proceed to 2.7 for Counting and 
Recording Colonies. 

2.6.2 Two-Step Enrichment Procedure 

(a)Place a sterile absorbent pad in the top 
of each petri dish. 

(b) Prepare lauryl tryptose broth as di-
rected in Part II-B. Pipet 1.8-2.0 ml lauryl tryp-
tose broth onto the pad to saturate it. Pour off 
excess broth. 

(c) Place a sterile membrane filter on the 
filter holder, grid-side up and attach the funnel 
to the base of the filter unit; the membrane 

filter is now held between the funnel and the 
base. 

(d) Shake the sample bottle vigorously 
about 25 times to obtain uniform distribution 
of bacteria. Select sample volumes based on 
previous knowledge to produce membrane fil
ters with 20-80 coliform colonies. See Table 
Il-C-1. If sample volumeis < lOml, add lOml 
of sterile dilution water to filter before adding 
sample. 

(e) Filter samples in order of increasing
sample volume, rinsing w;th sterile buffered 
dilution water between filtrations. The me
thods of measurement and dispensation of the 
sample into the funnel are given in Part II-C, 
3.4.6. 

(f)Turn on the vacuum to filter the sample 
through the membrane, rinse the sides of the 
funnel at least twice with 20-30 ml of sterile 
dilution water. Turn off vacuum and remove 
funnel from base. 

(g) Remove the membrane filter asepti
cally from the filter base and place grid-side up 
on the pad in the top of the petri dish. Reseat
 
MF if air bubbles are observed.
 

(h)Incubate the filter in the petri dish with
out inverting for 1 1/2 - 2 hours at 35 ± 0.5 C 
in an atmosphere of near saturated humidity. 
This completes the first step in the Two-Step
 
Enrichment Procedure.
 

(i) Prepare M-Endo broth, M-Endo agar, or
 
LES M-Endo agar as directed in Part II-B.
 

If M-Endo broth is used, place a new sterile 
absorbent pad in the bottom half of the dish 
and saturate with 1.8-2.0 ml of the M-Endo 
broth'.Transfer the filter to the new pad. Reseat 
MF if air bubbles are observed. Remove the 
used pad and discard. 

If M-Endo or LES M-Endo agar is used, 
pour 5-6 ml of agar into the bottom of each 
petri dish and allow to solidfy. The agar me
dium can be refrigerated for up to two weeks. 
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(j) Transfer the filter from the lauryl tryp-
tose broth onto the Endo medium. Reseat if air 
bubbles are observed. 

(k) Incubate dishes in an inverted position 
for an additional 20-22 hours at 35 ± 0.5 C. 
This completes the second step in the Two-
Step Enrichment Procedure. 

(I) Proceed to 2.7 Counting and 
Recording. 

2.6.3 Delayed Incubation Procedure 

(a) Prepare the M-Endo Holding Medium or 
LES Holding Medium as outlined in Part II-B, 
5.2.3 or 5.2.5. Saturate the sterile absorbent 
pads with about 2.0 ml of holding broth. Pour 
off excess broth. Mark dishes and bench forms 
with sample identity and volumes, 

(b) Using sterile forceps place a mem-
brane filter on the filter base grid side up. 

(c) Attach the funnel to the base of the 
filter unit; the membrane filter is now held 
between the funnel and base. 

(d) Shake the sample vigorously abo';t 25 
times and measure into the funnel with the 
vacuum off. If the sample is < 10 ml, add 10 
ml of sterile dilution water to the membrane 
filter before adding the sample. 

(1) Select sample volumes based on previ-
ous knowledge to produce counts of 20-80 
coliform colonies. See Table lI-C-l. 

(2) Follow the methods for sample. mea
surement and dispensation given in Part II-C, 

(e) Filter the sample through the mem-
brane and rinse the sides of the funnel walls at 
least twice with 20-30 ml of sterile dilution 
water. 

(f) Turn off the vacuum and remove the 
funnel from the base of the filter unit. 

(g) Aseptically remove the membrane filter 
from the filter base and place grid side up on 

an absorbent pad saturated with M-Endo Hold. 
ing Medium or LES Holding Medium. 

(h) Place the culture dish in shipping con
tainer and send to the examining laboratory. 
Coliform bacteria can be held on the holding 
medium for up to 72 hours with little effect on 
the final counts. The holding period should be 
kept to a minimum. 

(i) At the examining laboratory remove the 
membrane from the holding medium, place it 
in another dish containing M-Endo broth or 
agar medium, and complete testing for coli
forms as described above under 2.6.1. 

2.7 Counting and Recording Colonies: 
After incubation, count colonies on those 
.membrane filters containing 20-80 golden
green metallic surface sheen colonies and less 
than 200 total bacterial colonies. A binocular 
(dissection) microscope with a magnification 
of 10 or 15x is recommended. Count the 
colonies according to the general directions 
given in Part 1I-C, 3.5. 

2.7.1 The following generdi rules are used 
in calculating the total coliforrh count per 100 
ml of sample. Specific rules for analysis and 
counting of water supply samples are given in 
2.7.2. 

(a) Countable Membranes with '20-80 
Sheen Colonies, and Less Than 200 Total Bac
terial Colonies: Select the plate counts to be 
used according to the rules given in Part II-C, 
3.6, and calculate the final value using the 
formula. 

Total Coliforms/100 ml: 

No. of Total Coliform Colonies Counted
 
Volume in ml of Sample Filtered
 

X 100 

(b) Counts Greater Than the Upper Limit of 
80 Colonies: All colony counts are above the 
recommended limits. For example, sample vol
umes of 1, 0.3, and 0.01 ml are filtered to 
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produce total coliform colony counts of TNC, 
150, and 110 colonies. 

Use the count from the smallest filtration 

volume and report as a greater than 

count/ 100 ml. In the example above: 


110 
- x 100 = 1,100,000 

0.01 

or> 1,100,O00coliforms/100,nl. 

(c) Membranes with More Than 200 Total 

Colonies (Co!iforms plus Non-coliforms). 

(1) Estimate sheen colonies if possible, 
calculate total coliform density as in (a) above. 

Report as: Estimated Count/100 ml. 

(2) If estimate of sheen colonies is notpossible, report count as Too Numerous to 
Count (TNTC). 

(d) Membranes with Confluent Growth 

Report as: Confluent Growth and specifyaheendReporteas:Conflent row speFigure 
thepresenceorabsenceof sheen. 

2.7.2 Special Rules for Potable Waters 

(a) Countable Membranes with 0-80 Sheen
Coloi IesandLestha 20 Toal oloies 

Colonies, and Less than 200 Total Colonies 

Count the sheen colonies per volume filter
ed. Calculate and report the number of Total 

Coliforms/100 ml. 

(b) Uncountable Membranes for Potable 
Water Samples 

If 100 ml portions of potable water sam-
pies cannot be tested because of high back
ground counts or confluency, multiple volumes 
oflessthan 100 ml can be filtered. Forexample, 
if 60 colonies appear on the surface of one 
membrane through which a 50 ml portion of 
the sample was passed, and 50 colonies on 
a second membrane through which a second 
50 ml portion of the sample was passed, the 
colonies are totaled and reported as 110 total 
coliforms per 100 ml. 

If filtration of multiple volumes of less than 
100 ml still results in confluency or high back
ground count, the coliforms may be present 
but suppressed. Thesn samples should be ana
lyzed by the MPN Test. This MPN check should 
be made on at least one sample for each prob

lem water once every three months. 

(c) Membranes with Confluent Growth 

For potable water samples, confluence 

requires resampling and retesting. 

(d) Verification. Because unsatisfactory 

samples from public water supplies containing 
5 or more coliform colonies must be verified,at least 5 colonies need to be verified for each 

positive sample. Reported counts are adjusted 
based on verification. 

(e) Quality control procedures are speci
fied by EPA under the law, and described in 
Appendix C in this Manual. 

2.7.3 Reporting Results: Repo-rt total coli

form densities per 100 ml of sample. See11-C-3 for an example of a bench form for 
reporting results. A discussion on significant 

figures is given in Part 11-C, 2.8. 

2.8 Precision and Accuracy: There are 
no erecision and ccuracy data 

no established precision and accuracy data 
available at this time. 

3. Verification 

Verification of total coliform colonies from 

M-Endo type media validates sheen as evi
dence of coliforms. Verification of representa
tive numbers of colonies may be required in 

evidence gathering or for quality control pro
cedures. The verification procedure follows: 

3.1 Using a sterile inoculating needle, pick 
growth from the centers of at least 10 well
isolated sheen colonies (5 §heen colonies per 
plate for potable waters). Inoculate each into a 
tube of lauryl tryptose broth and incubate 24-48 
hours at 35 C + 0.5 C. Do not transfer exclu
sivey into brilliant green bile lactose broth. 
However, colonies may be transferred to LTB 
and BGLB simultaneously. 

TOTAL COLIFORMS 113 



3.2 At the 24 and 48 hour readings, con-
-firm gas-positive lauryl tryptose broth tubes by 
inoculating a Ioopful of growth into brilliant 
green lactose bile broth and incubate for 
24-48 hours at 35 ± 0.5 C.Cultures that are. 
positive in BGLB are interpreted as verified 
coliform colonies (see Figure Ill-B-I). 

3.3 If questionable sheen occurs, the 
worker should also verify these colonies. 

4. Most Probable Number (MPN) Method 

4.1 Summary: This method detects and 
estimates the total coliforms in water samples 
by the multiple fermentation tube technique. 
The method has three stages: the Presumptive, 
the Confirmed, and the Completed Tests. In 
the Presumptive Test, a series of lauryl tryp-
tose broth fermentatin tubes are inoculated 
with decimal dilutions of the sample. The for-
mation of gas at 35 C within 48 hours consti
tutes a positive Presumptive Test for members 
of the total coliform group. However, the MPN 
must be carried through the Confirmed Test 
for valid results. In this test, inocula from posi-
tive Presumptive tubes are transferred to tubes 
of brilliant green lactose bile (BGLB) broth. The 
BGLB medium contains selective and inhib-
itive agents to suppress the growth of all non
coliform organisms. Gas production after incu-
bation for 24 or 48 hours at 35 Cconstitutes a 
positive Confirmed Test and is the point at 
which most MPN tests are terminated. The 
Completed Test begins with streaking inocu-
lum from the positive BGLB tubes onto EMB 
plates and incubating the plates for 24 hours 
at 35 C. Typical and atypical colonies are 
transferred into lauryl tryptose broth fermenta-
tion tubes and onto nutrient agar slants. Gas 
formation in the fermentation tubes and pres
ence of gram-negative rods constitute a posi-
tive Completed Test for total coliforms. See 
Figure III-B-2. The MPN per 100 ml is calculated 
from the MPN table based upon the Con-
firmed or Completed test results. 

4.2 Scope and Application 

4.2.1 Advantages: The MPN pr6cedUte is 

a tube-dilution method using a nutrient-rich 
medium, which is less sensitive to toxicity and 
supports the growth of environmentally
stressed organisms. The method is applicable 
to the examination of total coliforms in chlori
nated primary effluents and under other 
stressed conditions. The multiple-tube proce
dure is also better suited for the examination of 
turbid samples, muds, sediments, or sludges 
because particulates do not interfere visibly 
with the test. 

4.2.2 Limitations: Certain non-coliform 
bacteria may suppress coliforms or act syner
gistically to ferment lauryl tryptose broth and 
yield false positive results. A significant num
ber of false positive results can also occur in 
the brilliant green bile broth when chlorinated 
primary effluents are te'ted, especially when 
stormwater is mixed with the sewage (3). False 
negatives may occur with waters containing 
nitrates (4). False positives are more common 
in sediments. 

4.3 Apparatus and Materials 

4.3.1 Water bath or air incubator serat 35 
± 0.5 C. 

4.3.2 Pipet containers of stainless steel, 
aluminum, or pyrex glass for glass pipets. 

4.3.3 Inoculation loops, at least 3 mm 
diameter and needles of nichrome or platinum 
wire, 26 B & S gauge, in suitable holders. 

4.3.4 Disposable sterile applicator sticks 
or plastic loops as alternatives to inoculating 
loops. 

4.3.5 Compound microscope, oil 
immersion. 

4.3.6 Bunsen/Fisher burner or electric in
cinerator unit. 

4.3.7 Sterile TD Mohr or bacteriological 
pipets, glass r r plastic, of appropriate size. 
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Pick 10 sheen colonies 

from each sample 

Lauryl Tryptose Broth 
24 hours at 35 C 

Gas-Gas + 

Reicbate 
24 hours at 35 C 

Gas + Gas-
Negative 

Test 

Brilliant Green Lactose Bile Broth 
24 hours at 35 C 

Gas-Gas + 

R eiNcubateified 
24 hours at 35 CColiform II I
 

Colony 

Gas + Gas -

Verified Negtive 
Coliform Test 
Colony 

FIGURE Ill-B-1. Verification of Total Coliform Colonies on the Membrane Filter 
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Sample 

I 
Lauryl Tryptose Broth P 

35 00.5 C 

S" Gas + Gas
- 24 hr 24 hr 

DReincubate 

24 hr 
CL 

Gas + Gas
48 hr 48 hr 

Negative Test 

Brilliant Green Lactose Bile Broth 

35 ±0.5 C 

" 	 Gas + Gas

24 hr 24 hr
 

z 
0 

zU.ORe ibate 
24 hr 

Gas + Gas-
Negative Test 

Eosin Methylene Blue Agar 

24hrat35 ±0.5C 

Nutrient Agar Slant 	 Lauryl Tryptose Broth Tube 

24-48 hr at 35 ± 0.5 C24hrat35 ±0.5C 

Gas0. Gram + Gram 	 Gas + 

o Sporeformers Nonspore-formingI I I 
Negative Coliforms Coliforms Negative 

Test Present Present Test 

FIGURE II-B-2. Flow Chart for the Total Coliform MPN Test 
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4.3.8 Pyrex culture tubes, 150 x 25 mm 
or 150 X 20 mm, containing inverted fermen-
tation vials, 75 x 10 mm with caps. 

4.3.9 Culture tube racks to hold fifty, 25 
mm diametertubes. 

4.3.10 Dilution bottles (milk dilution) py-
rex glass, 99 ml volume, screw cap with neo-
prene rubber liners. 

4.4 Medit 

4.4.1 Presumptive Test: Lauryl tryptose
broth. See Part II-B, 5.3.1 . Lactose broth is not 
used because of false positive reactions. 

4.4.2 Confirmed Test: Brilliant green bile 
broth. (See Part II-B, 5.3.2). 

4.4.3 Completed Test: 

(a)Eosin methylene blue agar (see Partll-B, 
5.3.3). 

(b)Nutrient agar or plate count agar slants 
(see Part Il-B, 5.1.1 and 5.1.5). 

4.5 Dilution Water: Sterile dilution water 
dispensed in 99 ± 2 ml amounts preferably in 
screw-capped bottles. (See Part lI-B, 7). 

4.6 Procedure: Part Il-C describes the gen- 
eral MPN procedure in detail. 

4.6.1 Prepare the media for Presumptive, 
Confirmed or Completed Tests selected. (See 
Part lI-B, 5.3).
.$ 

4.6.2 Presumptive Test (See Figure Ill-B-2): 
To begin the Presumptive Test, arrange fer-
mentation tubes of lauryl tryptose broth in 
rows of 5 tubes each in the tube rack. Select 
sample volumes and clearly label each bank of 
tubes to identify the sample and volume 
inoculated, 

(a) For potable waters, five portions of 10 
ml each or five portions of 100 ml each are 
used. 

(b) For relatively-unpolluted waters the 
sample volumes for the five rows might be 

100, 10, 1, 0.1 and 0.01 ml, respectively; the 
latter two volumes delivered as dilutions of 
original sample. 

(c) For known polluted waters the initial 
sample inoculations might be 0.1, 0.01, 
0.001, 0.0001, and 0.00001 ml of original 
sample delivered as dilutions into successive 
rows each containing five replicate volumes. 
This series of sample volumes will yield deter. 
minate results from a low of 200 to a high of 
16,000,000organisms per 100 ml. 

(d) Shake the sample and dilutions vigor
ously about 25 times. Inoculate each 5-tube 
row with replicate sample volumes in increas, 
ing decimal dilutions and incubate at 35 C 
0.5 C. 

(e) After 24 + 2 hours incubation at 35 C, 
gently agitate the tubes in the rack and exam
ine the tubes for gas. Any amount of gas 
constitutes a positive test. If there is no gas
production in the tubes, reincubate for an 
additional 24 hours and reexamine for gas. 
Positive Presumption tubes are submitted 
directly to the Confirmed Test. Results are 
recorded on laboratory bench forms. 

(f) If a laboratory using the MPN test on 
water supplies finds frequent numbers of Pre
sumptive test tubes with heavy growth but no 
gas, these negative tubes should be submitted 
to the Confirmed Test to check for suppression 
of coliforms. 

(g)If The Presumptive Test tubes are gas. 
negative after 48 ± 3 hours, they are dis
carded and the results recorded as negative 
Presumptive Tests. Positive Presumptive tubes 
are verified by the Confirmed Test. 

(h) If the fecal colifrom test is to be run, 
(Part Ill-C), the analyst can inoculate growth 
from positive Presumptive Test tubes into EC 
medium at the same time as he inoculates the 
Confirmed Test Medium. 

4.6.3 Confirmed Test (See Figure Ill-B-2) 

(a)Carefully shake each positive Presump. 
tive tube. With a sterile 3 mm loop or a sterile 
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applicator stick, transfer growth from each 
tube to BGLB. Gently agitate the tubes to mix 
the inoculum and incubate at 35 ± 0.5 C. 

(b) After 24 ± 2 hours incubation at 35 C 
examine the tubes for gas. Any amount of gas in 
BGLB constitutes a positive Confirmed Test. 
If there is no gas production in the tubes 
(negative test) reincubate tubesfor an addi-
tional 24 hours. Record the gas-positive and 
gas-negative tubes. Hold the positive tubes for 
the Completed Test if required for quality con-
trol or for checks on questionable reactions. 

(c) After 48 + 3 hours reexamine the 
Confirmed Test Tubes. Record the positive and 
negative tube results. Discard the negative 
tubes and hold the positive tubes for the Coin-
pleted Test if required as in (b)above. 

(d) In routine practice most sample ana-
lyses are terminated at the end of the Con
firmed Test. However, the Confirmed Test data 
should be verified by carrying 5% of Confirmed 
Tests with a minimum of one sample per test 
run through the Completed Test. 

(e) For certification of water supply labora-
tories, the MPN test is carried to completion 
(except for gram stain) on 10 percent of positive 
confirmed samples and at least one sample 
quarterly. 

4.6.4 Completed Test (See Figurell-B-2) 

Positive Confirmed Test cultures may be 
subjected to final Completed Test identifica-
tion through application of further biochemical 
and culture tests, as follows: 

(a) Streak one or more EMB agar plates 
from each positive BGLB tube. Incubate the 
plates at 35 ± 0.5 C for 24 ± 2 hours. 

(b) Transfer one or more well-isolated typi-
cal colonies (nucleated with or without a metal-
lic sheen) to lIuryl tryptose broth fermentation 
tubes and to nutrient or plate count agar 
siants. Incubate the slants for 24 ± 2 or 48 ± 
3 hours at 35 ± 0.5 C.If no typical colonies are 
present, pick and inoculate at least two atypi
cal (pink, mucoid and unnucleated) colonies 

into lauryl tryptose fermentation tubes and 
incubate tubes for up to 48 ± 3 hours. 

(c) The formation of gas in any amount in 
the fermentation tubes and presence of gram 
negative'rods constitute a p5ositive Completed 
Test for total coliforms. 

4.6.5 Special Considerations for Potable 
6.5rs -.
 

Waters
 
Sa.-ple Size - For potable waters the stan

dard sample shall be five times'tUi statrdard 
portion which is either 10 milliliters or 100 
milliliters as described in 40 CFR 141 (5). 

Confirmation - If a laboratory using the 
MPN test on water supplies finds frequent 
numbers of Presumptive test tubes with heavy 
growth but no gas, these negative tubes 
should be submitted to the Confirmed Test to 
check for suppression of coliforms. 

Completion - In water supply laboratories, 
10% of all samples and at least one sample 
quarterly must be carried to completion but 
no gram stain of cultures is required. 

4.7 Calculations: The results of the Con
firmed or Completed Test may be obtained 
from the MPN table based on the number of 
positive tubes in each dilution. See Part II-C, 
4.9 for details on calculation of MPN results. 

4.7.1 Table II-CA illustrates the MPN in
dex and 95% Confidence Limits for combina
tions of positive and negative results when five 
10 ml, five 1.0 ml, and five 0. 1 ml volumes of 
sample are tested. 

4.7.2 Table Il-C-5 provides the MPN indi
ces and limits for the five tube, single volumes 
used for potable water supplies. 

4.7.3 When the series of decimal dilutions 
is other than those in the tables select the MPN 
value from Table II-C-4 and calculate accord
ing to the following formula: 

MPN (From Table) x 10
 
Largest Volume Tested
 

= MPN/100 ml 
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4.8 Reporting Results: Report the MPN Some brands are not satisfactory and othvalues per 100 ml of sample. See an example ers become unsatisfactory after aging. Bothof areport form in Figures, IllD-2 and Ill-D-3. amyl alcohol and benzaldehyde compound 
should be purchased in as small amounts as4.9 Precision and Accuracy: The preci- will be consistent with the volume of worksion of the MPN value increases- with in- anticipated. Store the reagent in the dark in acreased numbers of replicates tested. A five brown bottle with aglass stopper.


tube, five dilution MPN is recommended for
natural and waste waters. Only a five tube, (b) Methyl Red Test Reagent: Dissolve 0.1single volume series is required for potable gram methyl red in 300 ml of 95% ethyl alcowaters. hol and dilute to 500 ml with distilled water. 

(c) Voges-Proskauer Test Reagents5. Differentiation of the Coliform Group by

by Further Biochemical Tests 
 (1) Naphthol solution: Dissolve 5 grams

purified alphanaphthol (melting point 92.5 C5.1 Summary: The differentiation of the higher) in 100 mlor atsolute e'thyl alcohol.members of the coliform group into genera and This solution must be freshly prepared eachspecies is based on additional biochemical and day.
cultu.al tests (see Table Ill-B-i). These testsrequire specific training for valid results. (2) Potassium hydroxide solution: Dissolve 

40 grams KOH in 100 ml distilled water. 
5.2 Apparatus and Materials 

(d)Oxidase Test Reagents5.2.1 Incubator set at 35 ± 0.5 C. 

5.2.2 Pipet containers of stainless steel, (1) Reagent A: Weigh out 1 gram alphaaluminum or pyrex glass for glass pipets. napthol an'd dissolve in 100 ml of 95% 
ethanol. 

5.2.3 Inoculation loop, 3 mm diameterand needle. (2) Reagent B: Weigh out 1 gram pars
aminodimethylaniline HCI5.2.4 Bunsen/Fisher type burner (or oxylate) andor elec- dissolve in 100 ml of distilled water. Preparetric inciner~tqr. , -. frequently and store in refrigerator. 

5.2.5 Sterile TD Mohr and bacteriological

pipets, glass or plastic, of appropriate volumes. 5.3 Media
 

5.2.6 Graduates, 25 - 500 ml. " 
55.3.1 Tryptophane broth for demonstrat

5.2.7 Test tubes, 100 x 13 mm or 150 x ing indole production in the Indole Test. (See

20 mm with caps, in racks. Part II-B, 5.1.9 (a)for preparation).
 

5.2.8 Reagents 5.3.2 MR-VP broth (buffered glucose) to
demonstrate acid production by methyl red 
color change in the Methyl Red Test and to(a) Indole Test Reagent: Dissolve 5 grams demonstrate acetyl methyl carbinolpara-dimethylamino benzaldehyde in 75 ml production in the Voges-Proskauer test. (Seeisoamyl (or normal amyl) alcohol, ACS grade, Part II-B, 5.1.9 (b)for preparation).

and slowly add 25 m; conc HCI. The reagentshould be yellow and have a pH below 6.0. If 5.3.3 Simmon's Citrate Agar to demonthe final reagent is dark'in color it should be strate utilization of citrate a, a sole source ofdiscarded, carbon. (See Part I-B, 5.1.9 (c)for preparation). 
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Differentiation 

TABLE Ill-B-1 

of the Coliform and Related Organisms Based 
Upon Biochemical Reactions 

r-

Bacterium 

Escherichia coil 

Inol 

+ 

Methyl 

Red 

+ 

Voges-

Proskauer 

-

Cirt 

-

Tests 
Cytochrome Ornithine 

0xidae Docarboxylase 

- V 

Lysine 

Decarboxylase 

V 

Arginine 

Dehydrolas. 

V 

oilt 

+ 

0) 
r-

Citrobacter freundii + + V V V + 

z Enterobacter aerogenes + + + + + 

Klebsiella + + + + 

Pseudomonas _ _ _ + + _ _(4)1 + 

Aeromonas + - + + + + + + 

V = variable 
( )1 = reaction of P. aeruginosa 



5.3.4 Nutrient agar slant for oxidase test. 
(See Part Il-B, 5. 1.1 for preparation). 

5.3.5 Decarboxylase medium base con-
taining lysine HCI, arginine HCI or ornithine 
HCI to demonstrate utilization of the specific 
amino acids. (See Part lI-B, 5.5.14 for 
preparation). 

5.3.6 Motility test medium (Edwards and 
Ewing). (See Section Il-B, 5.1.10 for 
preparation). 

5.3.7 Multitest Systems (optional to Sir. 
gle Test Series) 

(a)API Enteric 20 (Analytab Products, Inc.). 

(b) Enterotube (Roche Diagnostics). 

(c) Inolex (Inolex Biomedical Division of 
Wilson Pharmaceutical and Chemical Corp.). 

(d) Minitek (Baltimore Biological Labora
tories, Bioquest). 

(e) Pathotec Test Strips (General Diagnos-
tics Division of Warner-Lambert Company). 

(f) r/b Enteric Differental System (Diagn-
ostic Research, Inc.). 

5.4 Procedure 

5.4.1 Biochemical tests should always be 
performed along with positive and negative 
controls. See Table IV-A-5. 

5.4.2 Indole Test 

(a) Inoculate a pure culture into 5 ml of 
tryptophane broth. 

(b) Incubate the tryptophane broth at 35± 
0.5 C for 24-±2 hours and mix well. 

(c) Add 0.2-0.3 ml test reagent to the 24 
hour culture, shake and allow the mixture to 
stand for 10 minutes. Observe and record the 
results. 

(d) A dark red color in the amyl alcohol 
layer on top of the culture is a positive indole 
test; the original color of the reagent, a nega
tive test. An orange color may indicate the 
presence of skatole and is reported as a ± 
reaction. 

5.4.3 Methyl Red Test 

(a) Inoculate a pure culture into 10 ml of 
buffered glucose broth. 

(b) Incubate for 5 days at 35 C. 

(c) To 5 ml of the five day culture, add 5 
drops of methyl red indicator. 

(d)A distinct red color is positive'and dis

tinct yellow, negative. Orange color is dubious, 
may indicate a mixed culture and should be 
repeated. 

5.4.4 Voges Proskauer Test: This procedure 
detects the production of acetyl methyl carbinol 
which in the presence of alphanapthol and 
potassium hydroxide develops a reddish color. 

(a)Use a pure culture to inoculate 10 ml of 
buffered glucose broth or 5 ml of salt peptone 
glucose broth or use the pr6 ,obsry inoculated 

buffered glucose broth from the Methyl Red 
Test. 

(b) Incubate the inoculated salt peptone 
glucose broth or the buffered glucose broth at 
35 ± 0.5 Cfor 48 hours. 

(c) Add 0.6 ml naphthol solution and 0.2 
ml KOH solution to 1 ml of the 48 hour salt 
peptone or buffered glucose broth culture in a 
separate clean test tube. Shake vigorously for 
10 seconds and allow the mixture to stand for 
2-4 hours. 

(d)Observe the results and record. A pink 
to crimson color is a positive test. Do not read 
after 4 hours. A negative test may develop a 
copper or faint brown color. 
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5.4.5Citrate Test 

(a) Lightly inoculate a pure culture into a 
tube of Simmon's Citrate Agar, using a needle 
to stab, then streak the medium. Be careful not 
to carry over any nutrient material. 

(b)Incubate at 35 C for 4 8 hours. 

(c) Examine agar tube for growth and color 
change. A distinct Prussian blue color in the 
presence of growth indicates a positive test; 
no color change is a negative test. 

5.4.6 Cytochrome Oxidase Test 
(Indophenol): The cytochrome oxidase test can 
be done with commercially-prepared paper 
strips or on anutrient agar slant as follows: 

(a) Inoculate nutrient agar slant and incu-
bate at 35 C for 18-24 hours. Older cultures 
should not be used. 

(b)Add 2-3 drops of reagent A and reag
ent B to the slant, tilt to mix and read reaction 
within 2 minutes. 

(c) Strong positive reaction (blue color 
slant or paper strip) occurs in 30 seconds. 
Ignore weak reactions that occur after 2 
minutes. 

5.4.7 Decarboxylase Tests (lysine, argi-
nine and ornithine) 

(a)The complete decarboxylase test series 
requires tubes of each of the amino acids and a 
control tube containing no amino acids. 

(b)Inoculate each tube lightly. 

(c) Add sufficient sterile mineral oil to the 
broths to make 3-4 mm layers on the surface 
and tighten the screw caps. 

(d) Incubate for 18-24 hours at 35 C and 
read. Negative reactions should be re-
incubated up to 4 days. 

(e) Positive reactions are purple and 
negative reactions are yellow. Read the control 
tube without amino acid first; it must be yellow 

for the reactions of the other tubes to be valid. 

Positive purple tubes must have growth as 
evidenced by turbidity because uninoculated 
tubes are also purple; nonfermenters may 
remain alkaline throughout incubation. 

5.4.8 Motility Test 

(a)Stab-inoculate the center of the tube of 
Motility Test Medium to at least half depth. 

(b)Incubate tubes 24-48 hours at 35 C. 

(c) Examine tubes for growth. If negative, 
reincubate at room temperature for 5 more 
days. 

(d)Non-motile organisms grow only along 
the line of inoculation. Motile organisms grow 
outward from the line of inoculation and 
spread throughout the medium producing a 
cloudy appearance. 

(e)Addition of 2, 3, 5 triphenyl tetrazolium 
chloride (TTC) will aid recognition of motility. 
Growth of microorganisms reduces TTC and 
produces red color along the line of growth. 

5.4.9 Additional Biochemical Tests: If 
other biochemical tests are necessary to fur
ther identify enteric bacteria, for example spe
cific carbohydrate fermentation, see the Table 
Ill-E-5, Biochemical Characteristic: of Entero
bacteriaceae. 

,5.4.10 Multitest Systems: Multitest sys
tems are available which use tubes containing 
agar media that provide numerous biochemi
cal tests, plastic units containing a series of 
dehydrated media, media-impregnated discs 
and reagent-impregnated paper strips. Some 
of the systems use numerical codes to aid 
identification. Others provide computerized 
identification of bacteria. A number of inde
pendent investigators have compared one or 
more multitest Fystems with conventional or 
traditional biochemical tests. Some of the ear
lier systems have oeen improved. Most of the 
recent studies report the correct identification 
of high percentages of isolates. The systems 
are described in Part Ill-E, 5.6. 
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PART III. ANALYTICAL METHODOLOGY
 

Section C Fecal 

The direct membrane filter (MF), the 
delayed-incubation MF and the multiple-tube, 
most probable number (MPN) methods can be 
used to enumerate fecal coliforms in water and 
wastewater. For a general description of the 
fundamental laboratory techniques refer to 
Part Il-C. The method chosen depends upon 
the characteristics of the sample. The Section 
is divided as follows: 

1. 	 Definition of the Fecal Coliform 
Group 

2. 	 Direct Membrane Filter (MF) 
Method 

3. 	 Delayed-Incubation Membrane 
Filter Method 

4. 	 Verification 

5. 	 Most Probable Number (MPN) 
Method 

1. Definition of the Fecal Coliform Group 

1.1 The fecal coliforms are part cf the total 
coliform group. They are defined as gram-
negative nonspore-forming rods that ferment 
lactose in 24 ± 2 hours at 44.5 ± 0.2 C with 
the production of gas in a multiple-tube proce-
dure or produce acidity with blue colonies in a 
membrane filter procedure. 

1.2 The major species in the fecal coliform 
group is Escherichia co/i,a species indicative 
of fecal pollution and the possible presence of 
enteric pathogens. 

Coliform Methods 

2. Direct Membrane Filter (MF) Method 

2.1 Summary: An appropriate volume of a 
water sample or its dilution is passed through 
a. membrane filter that retains the bacteria 
present in the sample. The filter containing the 
microorganisms is placed on an absorbent pad 
saturated with M-FC broth or on M-FC agar in a 
petri dish. The dish is incubated at 44.5 C for 
24 hours. After incubation, the typical blue 
colonies are counted under low magnification 
and the number of fecal coliforms is reported 
per 100 ml of original sample. 

2.2 Scope and Application 

2.2.1 Advantages: The results of the MF 
test are obtained in 24 hours. Up to 72 hours 
are required for the multiple-tube fermentation 
method. The M-FC method provides direct enu
meration of the fecal coliform group without 
enrichment or subsequent testing. Over 93% 
of the blue colonies that develop in this test 
using M-FC medium at the elevated tempera
ture of 44.5 C ± 0.2 Care reported to be fecal 
coliforms (1). The test is applicable to the ex
amination of lakes and reservoirs, wells and 
springs, public water supplies, natural bathing 
waters, secondary non-chlorinated effluents 
from sewage treatment plants, farm ponds, 
stormwater runoff, raw municipal sewage, and 
feedlot runoff. The MF test has been used with 
varied success in marine waters. 

2.2.2 Limitations: Recent date (2, 3) 
indicate that the single-step MF fecal coliform 
procedure may produce lower results than 
those obtained with the fecal coliform 
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multiple-tube procedure, particularly for 
chlorinated effluents. Since chlorination 
stresses fecal coliforms and significantly 
reduces recovery, this method should not be 
used with chlorinated wastewater. 
Disinfection and toxic materials such as 
metals, phenols, acids or caustics also affect 
recovery of fecal coliforms on the membrane 
filter. Any decision to use this test for stiessed 
microorganisms requires parallel MF/MPN 
evaluation based on the procedure described 
in Part IV-C, 3. 

Recently-proposed solutions to problems 
of lower recovery (2, 4, 5, 6) include the use of 
two-step incubation, two-step incubation over-
lay and/or enrichment techniques and modifi
cation of membrane filter structures. 

2.3 Apparatus and Materials 

2.3.1 Water bath, aluminum heat sink, or 
other incubator that maintains a stable 44.5 ± 
0.2 C.Temperature is checked against an NBS 
certified thermometer or one of equivalent 
accuracy. 

2.3.2 Binocular (dissecting type) micro-
scope, with magnification of 10-15X and 
daylight-type fluorescent lamp. 

2.3.3 Hand tally. 

2.3.4 Pipet containers of stainless steel, 
aluminum or pyrex glass for glass pipets. 

2.3.5 Graduated cylinders, covered with 
aluminum foil or kraft paper before 
sterilization. 

2.3.6 Sterile, unassembled membrane fil-
tration units (filter base and funnel), glass, plas
tic or stainless steel, wrapped with aluminum 
foil and kraft paper. 

2.3.7 Vacuum source. 

2.3.8 Vacuum filter flask, with appropriate 
tubing. Filter manifolds which hold a number 
of filter bases can also be used. 

2.3.9 Safety trap flask between the filter 
flask and the vacuum source. 

2.3.10 Forceps with smooth tips. 

2.3.11 Ethanol, 95% or methanol, in small 
vial, for sterilizing forceps. 

2.3.12 Bunsen/Fisher burner or electric 
incinerator. 

2.3.13 Sterile TD bacteriological or Mohr 
pipets, glass or plastic, of appropriate size. 

2.3.14 Sterile petri dishes, 50 X 12 mm 
plastic with tight-fitting lids. 

2.3.15 Dilution bottles (milk dilution), py
rex glass, marked at 99 ml volume, screw-cap 
with neoprene rubber liner. 

2.3.16 Membrane filters, white, grid 
marked, 47 mm diametor, 0.45±0.02 pm pore 
size or other pore size recommended by manu
facturer for water analyses. The Millipore 
HC MF, not the HA, is recommended. 

2.3.17 Absorbent pads. 

2.3.18 Water-proof plastic bags. 

2.3.19 Inoculation loops', 3 mm diameter, 
or needle of nichrome or platinum wire, 26 
B&S gauge, in suitable holder. 

2.3.20 Disposable applicator sticks or 
plastic loops as alternatives to inoculation 
loops. 

2.3.21 Ultraviolet sterilizer for MF filtra
tion units (optional). 

2.4 Media 

2.4.1 M-FC broth or-agar prepared in pre
sterilized erlenmeyer flasks (See Part lI-B, 5.2.1). 

2.4.2 Lauryl tryptose broth prepared in 10 
ml volumes in fermentation tubes (see Part II-B, 
5.3.1 ) for verification. 
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2.4.3 EC medium prepared in 10 mi vol-
umes in fermentation tubes (see Part Il-B, 
5.3.4) for verification. 

2.5 Dilution Water (See Part 11,B, 7 for 
preparation). 

2.5.1 Sterile buffered dilution water or 
peptone water dispensed in 99±2 ml arnounts 
in screw-capped dilution bottles. 

2.5.2 Sterile buffered water or peptone 
water prepared in 500 ml or larger volumes for 
wetting membranes before addition of the 
sample, and for rin'sing the funnel after sample 
filtration. 

2.6 Procedure: The general membrane fil-
ter procedure is described in detail in Part Il-C. 

2.6.1 Prepare the M-FC broth or agar me-

dium as outlined in Part II-B, 5.2.1. Saturate the 
sterile absorbent pads with about 2.0 ml of 
broth or add 5-6 ml of M-FC agar to the bottom 
of each 50 X 12 mm petri dish (to a depth of 
2-3 mm). Pour off excess liquid from broth-
saturated pads. Mark dishes and bench forms 
with sample identity and sample volumes, 

2.6.2 Using asterile forceps place a sterile 
o thmemran flteflte baegri sde p. 

embranefilteron thefilterbase,grdside up. 

Attach the funnel to the base of the filter unit; 

the membrane filter is now held between the 

funnel 

2.6.3 Shake the sample vigorously about 
25 times and measure the sample into the 
funnel with the vacuum off. Ifsample volume is 
< 10 ml, add 10 ml of sterile dilution water to 
the filter before adding the sample. 

2.6.4 Sample volumes for fecal coliform 
enumeration in different waters and wastewa-
ters are suggested in Table III-C-1. These vol-
umes should provide the recommended count 
of 20-60 colonies on a membrane filter. Fecal 

coliform levels are generally lower than total 

coliform densities in the same sample; there-
fore larger volumes are sampled. 

2.6.5 Do not filter less than 1.0 ml of 
undiluted sample. 

2.6.6 Filter 'he sample and rinse the sides 
of the funnel was at least twice with 20-30 ml 
of sterile dilution water. 

2.6.7 Turn off the vacuum and remove the 
funnel from the filter base. 

2.6.8 Aseptically remove the membrane 
filter from the filter base. Place the filter, grid 
side up, on the absorbent pad saturated with 
M-FC Broth or on M-FC agar, using a rolling 
motion to prevent air bubbles. 

2.6.9 Incubate the petri dishes for 24 ± 2 

hours at 44.5 ± 0.2 C in sealed waterproof 

plastic bags submerged (with the petri dishes 
inverted) in a waterbath, or without plastic bag 
in a heat-sink incubator. MF cultures should be 
placed in incubator within 30 minutes of 

filtration. 

2.6.10 After 24 hours remove dishes from 
the incubator and examine for blue colonies. 

2.7 Counting and Recording Colonies: 
Select those plates with 20-60 blue (some
times greenish-blue) colonies. Non-fecal 
colonies are gray, buff or colorless and are 
not counted. Pinpoint blue colonios should be 

he arecoloniescounted anon 	 colonies arecounted and confirmed. The 

counted using a microscope of 10-15x and 
a fluorescent lamp. Use of hand lens or other 
simpler opticalldevices of l e mtion 

simple optical devices of lower magnification 

make difficult the identification and differentia
tion of typical and atypical blue colonies. 

2.7.1 The general counting rules are given 
in Part II-C, 3.5. The following rules are used 
in calculating the fecal coliform count per 
100 ml of sample: 

(a) Countable Membranes with 20-60 
Blue Colonies. Count all blue colonies-using 
the formula: 

No. of Fecal Coliform Colonies Counted
 

Volume in ml of Sample Filtered
 

X 100 	 fecal coliform 
count/100 ml 
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Suggested Range of 
Using 

TABLE III-C-1 

Sample Volumes for Fecal Coliform 
the Membrane Filter Method 

Tests 

Sample Source 100 30 10 3 1 0.3 0.1 0.03 0.01 0.003 0.001 0.0003 0.0001 

0 

1 

Swimming Pools 

Wells. Springs 

Lakes, Reservoirs 

Water Supply Intakes 

Bathing Beaches 

River Water 

Chlorinated Sewage Effluent 

Raw Sewage 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X X X 



For example, if 40 colonies are counted 	 2.8.2 Laboratory personnel should be able 

after the filtration of 50 ml of sample, the 	 to duplicate their own colony counts on the 
same plate within 5%, and the counts of othercalculation is: 
analysts on the same plate within 10%. 

40 
fecal coliforms/100 ml.

50 x 100 = 80 
3. Delayed-Incubation Membrane Filter (MF) 

(b)Countable Membranes With Less Than Method 
20 	 Blue Colonies. Report as: Estimated 

ounitO ml and specify the reason. 3.1 Summary: Bacteria are retained on 
0.45 pm filters after pa'ssage of selected sam
ple volumes through the filters. The filters are 

(c) Membranes With No Colonies. Report placed on M-VFC broth (a minimum growth 

the count as: Less than (calculated value)/ 100 medium) and transported from field sites to the 
ml, based upon the largest single volume laboratory. In the laboratory, the filters are 
filtered, transferred to the M.FC medium and incubated 

at 44.5 C for 24 hours. Blue colonies are coun-
For example, if 10, 3 and 1 ml are filtered ted as fecal coliforms. 

and all plates show zero counts, select the 
largest volume, apply the general formula and 3.2 Scope and Application 

report the count as a < (less than) value: 
3.2.1 Advantages: The delayed incubation 

MF method is useful in survey monitoring or1 
10 x 100 10 emergency situations when the standard fecal 

coliform test cannot be performed at the sam

or < 10 fecal coliforms/100 ml. 	 pie site, or when time and temperature limits 
for sample storage cannot be met. The method 

(d) Countable Membranes With More Than elimina^es field processing and equipment 

60 Blue Colonies. Calculate count from high- needs. Also, examination at a central labora
tory permits confirmation and biochernicalest dilution and report as a > value, 
identification of the organisms as necessary. 

(e) Uncountable Membranes With More Consistent results have been obtained with 

Than 60 Colonies. Use 60 colonies as the this method using water samples from a vari

basis of calculation with the smallest filtration ety of sources (7). 
volume, e.g., 0.01 ml: 

3.2.2 Limitations: The applicability of this 

method for a specific water source must be60 
0.01 X 100 = 600,000 	 determined in preliminary studies by compari

son with the standard MF method. For exam

600,000 fecal pie, limited testing has indicated that theReport as: > 
coliforms/100 ml. delayed-incubation method is not as effective 

in saline waters (7). 

2.7.2 Reporting Results. Report fecal coli
form densities per 100 ml. See discussion on 3.3 Apparatus and Materials 

significant figures in Part 1I-C, 2.8.1. 
3.3.1 Water bath, aluminum heat sink, or 

2.8 Precision and Accuracy 	 equivalent incubator that maintains a 44.5 ± 
0.2 C temperature. 

2.8.1 Ninety-three percent of the blue col

onies that develop on M-FC medium at the 3.3.2 Binocular (dissection) microscope, 

elevated temperature of 44.5 ± 0.2 C were with magnification 10 or 15X, binocular, 

verified as fecal coliform (1). wide-field type. A microscope lamp producing 
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diffuse daylight from cool white fluorescent 
lamps. 

3.3.3 Hand tally. 

3.3.4 Pipet containers of stainless steel, 
aluminum or pyrex glass for glass pipets. 

3.3.5 Graduated cylinders, covered with 
aluminum foil or kraft paper before 
sterilization. 

3.3.6 Sterile unassembled membrane fil-
tration units (filterbase and funnel), glass, plas
tic or stainless steel wrapped with aluminum 
foil or kraft paper. 

3.3.7 Vacuum source. 

3.3.8 Filter flask to hold filter base, with 
appropriate tubing. Filter manifold to hold a 
number of filter bases can also be used. In the 
field, portable field kits are also used. 

3.3.9 Safety trap flask between the filter-
ing flask and the vacuum source. 

3.3.10 Forceps with smooth tip. 

3.3.11 Ethanol, 95% or methanol, in small 
vial, for sterilizing forceps. 

3.3.12 Bunsen/Fisher type burner, 

3.3.13 Sterile TD bacteriological or Mohr 
pipets, glass or plastic, in appropriate volumes. 

3.3.14 Sterile petri dishes, 50 X 12 mm 
plastic with tight-fitting lids, 

3.3.15 Dilution bottles (milk dilution), py
rex glass, 99 ml volume, screw-caps with neo-
prene rubber liners. 

3.3.16 Membrane filters, white, grid mark-
ed, 47 mm in diameter, 0.45±0.02 pm pore size, 
or other pore size recommended by the manu
facturer for water analyses. The Millipore HC 
MF, not the HA is recommended. 

3.3.17 Shipping tubes, labels, and packing 
materials for mailing delayed incubation plates. 

3.3.18 Ultraviolet sterilizer for MF filtra
tion units (optional). 

3.4 Media: The following media are pre
pared in pre-sterilized erlenmeyer flasks with 
metal caps, aluminum foil covers, or screw
caps: 

3.4.1 M-VFC holding media (see Part II-B, 
5.2.6). 

3.4.2 M-FC broth or agar (see Part Il-B, 
5.2.1). 

3.5 Dilution Water 

3.5.1 Sterile dilution wate; dis'pensed in 
99 ± 2 ml volumes in screw-capped bottles. 

3.5.2 Sterile dilution water prapared in 
large volumes for wetting membranes before 
the addition of the sample, and for rinsing the. 
funnel after sample filtration. 

3.6 Procedure: The general membrane fil
ter procedure is described in detail in Part II-C. 

3.6.1 Prepare the M-VFC holding medium 
as outlined in Part II-B, 5.2.6. Saturate the 
sterile absorbent pads with about 2.0 ml of M-
VFC broth. Pour off excess broth. Mark dishes 
and bench forms with sample identity and 
volumes. 

3.6.2 Using sterile forceps place a mem
brane filter on the filter base grid side up. 

3.6.3 Attach the funnel to the base of the 
filter unit; the membrane filter is now held 
between the funnel and base. 

3.6.4 Shake the sample vigorously about 
25 times and measure into the funnel with the 
vacuum off. If the sample is < .10 ml, add 10 
ml of sterile dilution water to the membrane 
filter before adding the sample. 

(a)Sample volumes for fecal coliform enu
meration in different waters nd wastewaters 
are suggested in Table Il1-C-1. The:9 volumes 
should produce membruine filters with a ie

commended count of 20-60 colonies. 
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(b) Follow the methods for sample mea-
surement and dispensation given in Part II-C, 
3.4.6. 

3.6.5 Filter the sample through the mem-
brane and rinse the sides of the funnel walls at 
least twice with 20-30 ml of sterile dilution 
water. 

3.6.6 Turn off the vacuum and remove the 
funnel from the base of the filter unit. 

3.6.7 Aseptically remove the membrane 
filter from the filter base and place grid side up 
on an absorbent pad saturated with VFC 
medium. 

3.6.8 Place the culture dish in shipping 
container and send to the examining labora-
tory. Fecal coliform bacteria can be held on the 
VFC holding medium for up to 72 hours with 
little effect on the final counts. The holding 
period should be kept to a minimum. 

3.6.9 At the examining laboratory remove 
the membrane from the holding medium, 
place it in another dish containing M-FC broth 
or agar medium, and complete testing for fecal 
coliforms as described above under 2.6. 

3.7 Counting and Recording Colonies: 
After the required incubation select those 
plates with 20-60 blue (sometimes greenish-
blue) colonies. Gray to cream colored colonies 
are not counted. Pin-point blue colonies are 
not counted unless confirmed. The colonies 
are enumerated using a binocular microscope 
with a magnification of 10 or 15x. 

Refer to 2.7.1, for rules used in reporting 
the fecal coliform MF counts. 

3.8 Reporting Results: Record densities 
as fecal coliforms per 100 ml. Refer to Part II-C, 
2.8, for discussions on the use of significant 
figures and rounding off values. 

3.9 Precision and Accuracy: As reported 
in 2.8. this Section. 

4. Verification 

Verification of the membrane filter test for 
fecal coliforms establishes the validity of col
ony differentiation by blue color and provides 
supporting evidence of colony interpretation. 
The verification procedure corresponds to the 
fecal coliform MPN (EC Medium) test. 

4.1 Pick from the centers of at least 10 
well-isolated blue colonies. Inoculate into lauryl 
tryptose broth and incubate 24-48 hours at 
35±0.5 C. 

4.2 Confirm gas-positive lauryl tryptose 
broth tubes at 24 and 48 hours by inoculating 
a loopful of growth into EC tubes and incubat-
Ing for 24 hours at 44.5 ± 0.2 C.Cultures that 
produce gas in EC tubes are interpreted as 
verified fecal coliform colonies (see Figure III
C-1). 

4.3 A percent verification can be deter
mined for any colony-validation test: 

No. of colonies meeting verification test 
No. of colonies subjected to verification 

x 100 = Percent verification 

Example: Twenty blue colonies on M-FC 
medium were subjected to verification studies 
shown in Figure III-C-1. Eighteen of these colo
nies proved to be fecal coliforms according to 
provisions of the test: 

-b-... 

Percent verification = 18 X 100 =. 90% 
20 

4.4 A percent verification figure can be 
applied to the direct test results to determine 
the verified fecel coliform count per 100 ml: 

Percent verification count per 
100 X 100 ml 

Verified fecal 
coliform count 

Example: For a given sample, by the M-FC 
test, the fecal coliform count was found to be 
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Pick 10 blue colonies

I
 
Lauryl Tryptose Broth 

24 hours at 35 C 

Gas + Gas-

Reincubate 

24 hours at 35 C 

Gas + Gas-II
 
I M lativa 

EC Broth Test 
24 hours at 44.5 C 

Gas + Gas-

Verified Negative
Fecal Coliform Test 

Colony 

FIGURE III-C.1. Verification of Fecal Coliform Colonies on the Membrane Filter 
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42,000 organisms per 100 ml. Supplemental 
studies on selected colonies showed 92% 
verification. 

Verified fecal 92 
coliform count = 1'0 x 

Rounding off = 39,000 fecal coliforms 
per 100 ml 

The worker is cautioned not to apply per-

centage of verification determined oneon 
sample to other samples. 

5. MostProbableNumber(MPN)Method 

5.1 Summary: Culture from positive tubes 

of the lauryl tryptose broth (same as presump
tive MPN Method, Part Ill-B) is inoculated into 

EC Broth and incubated at 44.5 C for 24 hours 

(see Figure IIl-C-2). Formation of gas in any 

quantity in the inverted vial is a positive roac-
tion confirming fecal coliforms. Fecal coliform 
densities'are calculated from the MPN table on 

the basis of the positive EC tubes (8). 

5.2 Apparatus and Materials 

5.2.1 Incubator that maintains 35 ± 0.5 C. 

5.2.2 Water bath or equivalent incubator 

that maintains a 44.5 ± 0.2 C temperature. 

5.2.3 Pipet containers of stainless steel, 

aluminum or pyrex glass for glass pipets. 

5.2.4 Inoculation loop, 3 mm diameter 
and needle of nichrome or platinum wire, 26 B 

& S gauge, in suitable holder. Sterila applica-

tor sticks are asuitable alternative. 

5.2.5 Sterile pipets T.D., Mohr or bacterio-
logical, glass or plastic, of appropriate size. 

5.2.6 Dilution bottles (milk dilution), pyrex, 
99 ml volume, screw-cap with neoprene liners, 

5.2.7 Bunsen or Fisher-type burner or elec-

tric incinerator unit. 

5.2.8 Pyrex test tubes, 150 x 20 mm, 
containing Inverted fermentation vials, 75 X 

10 mm, with caps. 

5.2.9 Culture tube racks to hold fifty, 25 
mm diameter tubes. 

5.3 Media 

5.3.1 Lauryl tryptose broth (same as total 
coliform Presumptive Test medium) prepared 
in 10 ml volumes in appropriate concentration 
for sample volumes used. (Part II-B, 5. 3 .l). 

5.3.2 EC medium prepared in 10 ml vol
umes in fermentation tubes (Part II-B, 5.3.4). 

5.4 Dilution Water: Sterile buffered or 

peptone dilution water dispensed in 99 ± 2 ml 

volumes in screw-capped bottles. 

5.5 Procedure: Part Il-C describes in detail 

the general MPN procedure. See Figure III-C-2. 

5.5.1 Prepare the total coliform Presump
tive Test medium, (lauryl tryptose broth) and 

EC medium. Clearly mark each bank of tubes, 
identifying the sample and the volume 
inoculated. 

5.5.2 Inoculate the Presumptive Test me
dium with appropriate quantities of sample 
following the Presumptive Test total coliform 
procedure, (Part Ill-B). 

5.5.3 Gently shake the Presumptive tube. 

Using a sterile inoculating loop or a sterile 
wooden applicator, transfer inocula from posi

tive Presumptive Test tubes at 24 and 48 

hours to EC confirmatory tubes. Gently shake 
the rack of inoculated EC tubes to insure mix

ing of inoculum with medium. 

5.5.4 Incubate inoculated EC tubes at 

44.5 ± 0.2 C for 24 ± 2 hours. Tubes must be 

placed in the incubator within 30 minutes after 
inoculation. The water depth in the water bath 

to the top. level of theincubator must come 
culture medium in the tubes. 

5.5.5 The presence of gas in any quantity 
in the EC confirmatory fermentation tubes af
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FIGURE III-C-2. Flow Chart for the Fecal Coliform MPN Tests. 
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ter 24 + 2 hours constitutes a positive test for 
fecal coliforms. 

5.6 Calculations 

5.6.1 Calculate fecal coliform densities on 
the basis of the number of positive EC fermen
tation tubes, using the table of most probablenumbers (MPN). 

5.6.2 The MPN results are computed from 
three dilutions that include the highest dilution 
with all positive tubes and the next two higher 
dilutions. For example, if five 10 ml, five 1.0 ml, 
and five 0.1 ml sample portions are inoculated 
initially -into Presumptive Test medium, and 
positive EC confirmatory results are obtained 

from five of the 10 ml portions, three of the 1.0 
ml portions, and none of the 0.1 ml portions, 
the coded result of the test is 5-3-0. The code 
is located in the MPN Table II-C-4, and the MPN 
per 100 ml is recorded. See Part II-C, 4.9 for 
rules on selection of significant dilutions. 

5.7 Reporting Results: Report the fecal.ReotnReut:Rprthfcl

coliorm MPN values per 100 ml of sample. 

5.8 Precision and Accuracy: The preci
sions of the MPN counts are given as -cunfi
dence limits in the MPN tables. Note that the 
precision of the MPN value increases with 
increased numbers of replicates per sample 
tested. 
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PART IV. QUALITY ASSURANCE
 

Section A Laboratory Operations
 

Section A describes the checks and moni-
toring procedures that should be performed 
on materials, supplies, instrumentation and 
the physical facility. These checks should be 
documented completely and recorded as per-
formed. See Part V-A, 1.2 for details on this 
documentation. 

1. 	 Sample Collection and 


Handling 


2. 	 Laboratory Facilities 

3. 	 Laboratory Personnel 

4. 	 Laboratory Equipmentand 

Instrumentation 

5. 	 General Laboratory Supplies 

6. 	 Membrane Filters 

7. 	 Culture Media 

1. Sample Collection and Handling 

The acqu.isition of valid data begins with 
collection of a representative water sample or 
other environmental material being tested. 
Samples must be maintained as closely as 
possible to original condition by careful han-
dling and storage. 

Sample sites and a sampling frequency 
are selected to provide data representative of 
the characteristics and the variability of the 
water quality at that station. The most important 
quality control factor in sampling is the 
immediate analysis of the sample. If the sample 
cannot be analyzed at once, it should be 
refrigerated and analyzed within six hours. 
Recommended procedures for collecting, 
transporting and handling water and waste
water samples are described separately in 
Part Il-A of this Manual. 

2. Laboratory Facilities 

2.1 Ventilation: Laboratories should be 
well-ventilated and free of dust, drafts and 
extreme temperature changes. Central air con
ditioring has advantages: 1)The incoming air 
is filtered, reducing contamination of the labo
ratory and culture work. 2) The uniforr., tem
perature control of air conditioning permits 
stable operation of incubators. 3) With closed 
windows, drafts and air currents which can 
cross-contaminate surroundings and work 
areas during warm weather are minimized. 4)
Low humidity reduces moisture problems with 
media, chemicals, ?,ialytical balances and 
other instrumeoitaion. 

2.2 Space Utilizaticn: Ideally the areas 
provided for the preparation and sterilization 
of media, glassware and equipment should be 
separated from the laboratory working area 
but located close enough for convenience. In 
public 	health laboratories that analyze many 
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different types of samples a separate work 
area is desirable for water analysis. Special 
work areas such as an absolute barrier or 
vented laminar flow hood (see Part V-C) are 
often used for dispensing and preparing sterilo 
media and tissue cultures, for transferring 
microbial cultures or for working with 
pathogenic materials. In smaller laboratories it 
may be necessary to carry out these separate 
activities in different sections of the same 
room. However, limited facilities and restricted 
work space may seriously hamper the quality 
of the work and influence the validity of 
results. Visitors and through traffic should be 
discouraged in work areas. Through traffic can 
be prevented by laboratory design. 

2.3 Laboratory Bench Areas: Sufficient 
clean bench space should be available for the 
analyses to be performed efficiently. For rou-
tine work, 6 linear feet is the recommended 
minimum work area for each analyst. Research 
work or other analyses using specialized 
equipment may require significantly more 
space per worker. These estimates of bench 
space are exclusive of work areas used for 
preparatory and supporting activities. Labora-
tory lighting should be even, screened to re
duce glare, and provide about 100 footcandle 
light intensity at working surfaces. 

Bench tops should be set at heights of 
36-38 inches with a depth of 28-30 inches. 
This height is comfortable for work in a stand-
ing or sitting position. Desk tops or sit-down 
benches are set at 30-3 1 inches height to 
accommodate microscopy, plate counting, cal-
culations and writing activities. Bench tops 
should be stainless steel, epoxy plastic or 
other smooth impervious material which is in
ert, corrosion-resistant and has minimum 
seams. 

2.4 Walls and Floors: Walls should be 
covered with waterproof paint, enamel or 
other surface material that provides a smooth 
finish which is easily cleaned and disinfected. 
Floors should be covered with good quality 
tiles or other heavy duty material which can be 
maintained with skid-proof wax. Bacteriostatic 
agents contained in some wall or floor finishes 
increase the effectiveness of disinfection. 

2.5 Monitoring for Cleanliness in Work 
Areas: High standards of cleanliness should 
be maintained in work areas. The laboratory 
can be monitored for cleanliness by one or 
more of the procedures described below. 
Since these monitoring procedures cannot re
cover all of the microorganism populations 
present, absolute limits are difficult to develop. 
Rather, the tests should be used regularly on a 
weekly or other basis to monitor counts in the 
same work areas over time or to make compar
isons between different work areas. 

2.5.1 RODAC Agar Plates (1) 

Work areas and other surfaces can be 
checked by RODAC plates which contain gen
eral growth media for total counts or selective 
media for coliforms, enteric pathogens, strep
tococci, staphylococci, or other microorga
nisms cultured in the laboratory. RODAC is an 
acronym for Reproducible Organism Detection 
and Counting. The RODAC dish has a test area 
of about 25 cm with Quebec style grids em
bossed in the plate. It is specifically designed 
to enumerate the microbial population of flat 
solid surfaces by contact techniques. 

(a) Purchase RODAC plates prefilled with 
desired test medium or prepare plates by fill
ing the center well with about 16 ml of appro
priate agar. When preparing agar in the labora
tory, add 0.07% soy lecithin or 0.5% polysor
bate (Tween 80) to the agar to neutralize the 
effect of the disinfectant on test surfaces. 
Cooling leaves a raised bed of agar about 1 
mm higher than the rim nf the dish, allowing 
contact of the sterile agar to the test surface 
for direct counts. 

(b)To sample an area, remove the plastic 
cover and carefully press the agar to the solid 
surface being sampled. It is important that the 
entire agar layer contacts the test surface. Use 
a rolling motion with uniform pressure on the 
back of the plate to insure complete contact. 
Replace the cover and incubate in an inverted 
position for the appropriate time and 
temperature. 

(c) Count the colonies with a Quebec col
ony counter and report as the number of colo
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nies per RODAC plate or number of colonies 
per 25 sq. cm. 

2.5.2 Swab Method (1) 

(a) The swab contact method can be used 
to monitor the contamination of work areas 
and especially those with cracks, corners, 
crevices and rough surfaces. Dacron swabs 
rinse out more easily than cotton ones. These 
may be purchased from Econ Microbiological 
Laboratory, 2716 Humboldt Avenue, South, 
Minneapolis, MN. Rayon swabs are available 
from Fuller Pharmaceutical Company, Minne-
apolis, MN, and Consolidated Laboratories 
Inc., Chicago Heights, IL. Swabs made of ca!-
cium alginate which is soluble in water, can 
also be used. These are available from Consoli-
dated Laboratories, Inc., Chicago Heights, IL. 

Rinse Solution Vials - Add 1.25 ml stock 
phosphate buffer solution, 5 ml of 10% aque
ous sodium thiosulfate, 4 grams Asolectin (As-
sociated Concentrates, 32-30 61st Street, 
Woodside, Long Island, NY 11377) and 10 
grams Tween 20 or Tween 80 (Hilltop Re
search, Inc., Miamiville, OH 45147) to 500 ml 
distilled water; heat to solution in boiling water 
bath. Cool and make up to 1 liter. Dispense in 
screw-capped vials in 10 ml or other volumes 
and sterilize for 15 minutes at 15 lb. pressure 
(121 C). Because Asolectin is hygroscopic, 
store it in a desiccator and weigh quickly. 

(b) To sample an area, open a sterile swab 
container, grasp the end of the stick and re-
move aseptically. Open a 10 ml vial of neutral-
izing buffer, moisten swab head, and press out 
excess solution against the inside of the.vial. 
Hold the swab handle at a 30" angle against 
the sampling area. Rub the swab head slowly 
and throughly over approximately 8 sq. in. of 
surface area. Repeat procedure 3 times over 
the same area, turning the swab and reversing 
directions. Place the swab head in the neutral
izing buffer vial, rinse briefly in solution and 
press out the excess liquid, 

Test four more 8 sq. in. areas of surface, 
rinsing the swab in solution after each swab
bing. After the fifth area has been swabbed,' 
remove the excess liquid, place swab head in 

vial and break or cut with a sterile scissors 
leaving the swab head in the vial. Replace the 
cap and store vial at 4 C or on ice until analysis. 

When using alginate swabs, rinse solution 
vials should contain 4.5 ml after sterilization. 
Prepare a 10% solution of sodium 
hexametaphosphate in appropriate vials and 
steam sterilize. Follow the above swabbing 
procedures but after swabbing the fifth 8 sq. 
in. area, deposit the swab head in the rinse vial 
and add 0.5 ml of sterile hexametaphosphate 
solution. 

To begin plating, shake the vial vigorously 
to dislodge the bacteria from the swab. Pipet 1 
ml and 0.1 ml aliquots of the rinse solution. 
The 1 ml portions repre;,_.it a 1:10 dilution 
and the 0.1 ml portions represent a 1:100 
dilution. Pour the plates with Standard Me
thods Agar. Mix and cool to solidify and incu
bate 3t 35 C for 48 hours. 

(c) Count colonies and convert the value to 
the number/ml which equals the count per 8 
sq. in. of area. 

2.5.3 Air Density Plates (1) 

The number of microorganisms in the lab
oratory air is directly proportional to -the" 
amount and kind of activity. These organisms 
affect results when the suspended cells con
tact materials and equipment or when they 
settle on exposed test materials and surfaces. 

(a) The numbers and types of airborne 
microorganisms can be determined by expos
ing petri plates for a specified time at points 
where inoculating, filtering, plating and trans
fer work is done. This exposure method can be 
used to monitor total bacteria or the specific 
organisms being tested such as coliforms, en
teric pathogens, streptococci, staphylococci, 
yeasts or molds. 

(b) Pour the petri dishes with the appropri
ate agar and allow to harden. Store poured 
plates in the refrigerator if they are not used on 
the same day. 

(c) Remove petri dish covers and place 
dishes top side up on sterile towels. Expose the 
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plates in selected work sites for 15 minutes 
and mark them with sample site identification. 
Replace covers. Incubate Standard Methods 
Agar at 35 C for 48 hours and other media for 
the specified time periods. 

(d) Count the colonies and report the num-
ber per square foot. The number of organisms 
which settle in 15 minutes of exposure on a 
petri dish is equivalent to that for 1 sq, 
ft./minute because the area of a standard-size 
petri dish is approximately 1/15 s'q. ft. The 
microbial density should not normally exceed 
15 colonies per sq. ft. Air density plates should 
be taken weekly during peak work periods for 
routine monitoring, 

2.6 Laboratory Maintenance: Laboratory 
benches, shelves, floors and windows should 
be cleaned on a scheduled basis. Proper main-
tenance is evidenced by lack of dust and soil 
build-up on shelves, in corners, etc. Floors 
should be wet-mopped and treated with a dis-
infectant solution to reduce contamination of 
air in the laboratory. Sweeping or dry-mopping 
should not be permitted in a microbiology 
laboratory. Work benches should be wiped 
down with disinfectant before and after each 
use and at the end of the day. 

Every attempt should be made to maintain 
the laboratory areas free of clutter. Laboratory 
benches, space under benches, shelves and 
drawers accumulate equipment, materials and 
supplies at a steady rate. The disorder can 
interfere with laboratory operations. It can be 
controlled by making a directed effort to clean 
up work areas immediately after each use and 
by conducting a weekly clean-up of the labora
tory. Discard unneeded materials and store 
equipment and supplies not in current use. The 
most important step in maintaining an orderly 
laboratory is to have ample storage space 
near-by. 

3. Laboratory Personnel 

Microbiologists, technicians and support 
personnel in the microbiology laboratory must 
have training and experience appropriate to 
the laboratory's analytical program. The vari-

ety and complexity of the tasks and tests per
formed determine the professional and on-the
job-training required. 

3.1 Professional Microbiologist: The mi
crobiologist directs and participates in the col
lection and storage of samples, the prepara
tion of glassware, equipment and media, the 

., analysis of a variety of waters and wastewa
ters and the evaluation of procedures as re

$quired. 	 He takes part in the quality control 
program. He counts, tabulates and summa
rizes data and prepares or helps to prepare 
reports from the results. 44e 4hould have at 
least a BS degree in microbiology or a BS/BA 
degree in biology with a minor in 
microbiology. 

The professional microbiologist initially 
carries out routine tasks and progresses to 
more difficult work as he gains experience. 
When he reaches the senior level he performs 
the most complex duties. 

3.2 Senior Grade and Supervisory Micro
biologists: A senior grade rdicrobiologist per
forms the duties described in 3.1 but carries 
out a wider range of assignments and more 
difficult tests. He participates in program plan
ning and laboratory management and solves 
significant microbiological problems that re
quire a higher than bench-level skill and knowl
edge. The experienced microbiologist consults 
and advises on procedural problems and trains 
personnel. He provides expert testimony, 
interprets results, prepares reports and 
recommends microbiological standards or 
actions for regulatory programs. 

The supervisory microbiologist performs 
administrative functions of: planning and 
directing water quality monitoring programs, 
designing field surveys, advising administrative 
officers on policy matters related to micro
biology and inspecting laboratory facilities. He 
is recognized for his authoritative scientific 
competence. 

3.3 Technicians: The technician performs 
semi-professional and professional duties of 
limited scope and complexity. Typically, he 
assists professionals by doing the routine tests. 
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Under supervision, he performs tasks involving 
a series of steps. Technicians learn through 
on-the-job instruction and by performing 
standard tasks repetitively. 

Technicians' tasks begin at the simplest' 

level but can progress to the more detailed 
procedures performed by the professional mi-
crobiologist. However, these higher levels of 
skill and knowledge are generally limited to 
the specific areas in which they have received 
on.the-job-training. 

3.4 Support Personnel: Laboratory aides 

and clerks provide the necessary support serv-

ices to the laboratory. Aides prepare glass-

ware, make media and sterilize materials. One 

for everyaides are recommendedor more 

bench microbiologist. Clerical duties include
 
recording data, filing records, typing reports, 

ordering supplies, maintaining inventories, 

distributing mail and answering the telephone.
 

3.5 On-the-Job-Training and Experience: 
In addition to the formal academic training, the 
professional microbiologist should have 
experience in aquatic or environmental 
microbiology. Technical or on-the-job-training 
for at least two weeks is required for each 
parameter tested in water microbiology. The 
formal training of the technician ranges from 
high school to technical or academic training 
short of a degree in microbiology. Technical 
and scientific experience is often substituted 
for advanced formal training. 

The microbiologist and technician should 

be encouraged to attend courses at centers of 
expertise such as universities, commercial 
manufacturers, US EPA facilities, the Center 
for Disease Control (CDC) of USPHS, FDA and 
other federal and state governmental agen
cies. Courses might include fluorescent anti-
body techniques, isolation and identification 
of the Enterobacteriaceae and laboratory 
safety. 

3.6 Laboratory Supervison: Ideally, the 
laboratory should be directed by a profes-
sional microbiologist. However, in -a -small 

laboratory where the staff consists of a single 

non-professional technician, an approved con
sultant microbiologist should be available for 
guidance and assistance. 

Work assignments in the laboratory 

should be clearly defined. The analyst should 
be trained in basic laboratory procedures and 
should perform well at a given level of respon
sibility before new assignments are made. The 
supervisor should periodically review proce
dures such as sample collecting and handling, 
media and glassware preparation, sterilization, 
routine testing procedures, counting, data han

dling, and quality control techniques. Problem 
areas should be identified and solved by the 
staff. Improved laboratory results will be the 

m ro ve eronel pice and 

training. 

4. Laboratory Equipment and 
Instrumentation 

Quality control of laboratory apparatus in

cludes servicing and monitoring the operation 
of incubators, waterbaths, hot-air sterilizing 
ovens, autoclaves, water stills, refrigerators, 
freezers, etc. Each item of equipment should 
be tested to verify that it meets the manufac
turer's claims and the user's needs for accu
racy and precision. Maintenance should be 
performed on a regular basis by a technician 
who is familiar with the equipment. 

4.1 A summary of recommended monitor
ing procedures for laboratory equipment 'is 
given in Table IV-A-1. 

4.2 Monitoring Procedures for UV 
Lamps 

4.2.1 Spread Plate Irradiation 

This test should be run when a new UV 
lamp is installed and rerun quarterly to mea
sure continuing effectiveness of the UV 
irradiation. 

(a) Prepare 100 ml or more of plate count 
agar. Pour 10-15 ml of the meltod agar into 
each 100 mm petri dish as needed. Keep cov
ers opened slightly until agar has hardened 
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and moisture and condensation have evapo-
rated. Close dishes and store in refrigerator 
until use. 

(b) Prepare a series of dilutions of a coli-
form culture so that 0.5 ml of Inoculum will 
give a 200-250 colony count (see Geldreich 
and Clark). 

(c) Pipet 0.5 ml of the selected dilution to 

each agar plate. 

(d) Remove a glass spreader-rod from the 
alcohol container and ignite by passing 

through flame. Let burn completely and cool 

for 15 seconds. Test glass rod on edge of agar 
to verify safe temperature before use. Glass 
spreaders may also be autoclaved. 

(e) Place sterile, cool glass spreader on 
agar surface next to inoculum. Position 
spreader so that the tip forms a radius from the 
center to the plate edge. Holding stick motion-
less, rotate plate several revolutions, or hold 
the plate and move the stick in a series of 
sweeping arcs to spread the inoculum uni-
formly over the entire surface of the agar. 

(f)Lift the glass spreader from the agar and 

place in disinfectant solution. 

(g) Repeat the spread plate procedure with 
other petri plates. 

(h) With cover removed, place agar spread 
plates under UV lamp at points where sterility 
is desired. 

(i) Place one inoculated plate under ordi-
nary laboratory lighting as a control. 

j)Expose plates for two minutes. 

(k) Close plates and incubate at 35 C for 
24 hours. Remove and examine for growth. 

(1) Count all plates and record results. 
Control plate should contain 200-250 colo-
nies. UV-irradiated plates should show 99% 
reduction in the count of the control plate. If 
count reduction is less than 80%, replace 
lamp. 

4.2.2 Measurements of UV Light Intensi 

To monitor performance of UV lamps, it is 
necessary to measure UV light intensity using
the UV light meter manufactured for this pur
pose. The shortwave UV meter Model J-225 is 
available from UV Products, Inc., San Gabriel, 
CA 91778 for about $ 125. This instrument or 
equivalent is recommended. 

(a) Measure and average light intensities 
of a new UV lamp at proper distances of use. 
Record results in QC log, noting readings anddates of installation. 

(b) Monitor lamp intensity quarterly there
after. Replace bulb when light is down to 80% 
of original intensity. 

(c) Measure and average light intensities 
of replacement lamp at proper distances. 
Record readings and date of installation. 

5. General Laboratory Supplies 

5.1 Laboratory Glassware 

5,1.1 A summary of procedures for main

tenance of glassware is given in Table IV.A-2). 

5.1.2 Glassware pH Check: Traces of 
some cleaning solutions are difficult to remove 
completely. Before using a batch of clean 
glassware, test several pieces for an alkaline 
or acid residue by adding and dispersing a few 
drops of bromthymol blue or other pH indica
tor and observing the color reactions. Brom
thymol blue is particularly advantageous for 
this check because it shows color changes of 
yellow to blue green to blue, in the pH range 
6.5 to 7.3. 

To prepare bromthymol blue indicator, 
add 16 ml of 0.01 N NaOH to 0.1 gram of 
bromthymol blue. Dilute to 250 ml with dis
tilled water (0.04% solution). 

5.1.3 Test Procedure for Suitability of De. 
tergents Used in Washing (2) 
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(a)Wash and rinse six, 100 mm diameter water; however, the potential quality of the 
petri dishes in the usual manner. These are water willvarywith the type of system used. 
Group A. 

The quality of water obtainable from a 
(b) After normal washing, rinse a second pure water system differs with the system used 

group of 6 petri dishes 12 times with succes- and its maintenance. The acceptable limits are 
sive portions of non-toxic distilled water. given in Table IV-A-3. 
These are Group B. 

5.3 Water Suitability Test 

(c) Wash 6 petri dishes with the detergent 

wash water using detergent concentrations 5.3.1 Summary: The water suitability 
normally employed, and dry without rinsing, procedure of Geldreich and Clark (3) is a 
These are Group C. sensitive test for determination of toxic or 

stimulatory effects of distilled or deionized 
(d) Sterilize dishes in the usual manner. water on bacteria. It is based on the growth of 

Enterobacteraerogenes in a chemically defined 
(e) Add the proper dilution (usually two medium. Reduction of 20% or more in the 

different dilutions are used) of a water sample bacterial population compared to a control, is 
yielding 30-300 colonies to triplicate petri judged toxic. Increased growth greater than 
dishes from each Group (A, B and C). Proceed 300% is called stimulatory. 
according to the Standard Plate Count Proce- 5.3.2 Scope and Application: The test 
dure in Part III-A. is recommended for periodic use and as a 

special measure of water suitability. This 
(f)The resultsareinterpretedasfollows: test called the Test for Bacteriological 

Properties of Distilled water, in the 14th 
(1) Differences in bacterial counts of less edition of Standard Methods is required 

than 15% among all Groups indicate the deter- annually of laboratories in the Interim Certi
gent has no toxicity or inhibitoryeffect, fication Program for Drinking Water Supplies. 

on(2) Differences in bacterial counts of 15% However, the test is not easily done 
or more between Group A and B demonstrate an infrequent basis because it requires: work 
that inhibitory residues are left on glassware over a four day period to complete, an ultra

after the normal washing procedure used. pure control water and very pure reagents, 
and absolute cleanliness of culture flasks, 

test 
15% between Groups A and B, and greater a complex method that requires skill and 

than:15% between Groups A and Cindicates experience, is very sensitive to toxicants and 
cannot be related directly to routine analytical 

(3) Disagreement in averages of less than petri dishes, tubes and pipets, etc. It is 

that detergent usedi has inhibitory results. 
properties which are eliminated during routino 
washing. 5.3.3 Apparatus and Materials 

5.1.4 Sterility Checks on Glassware (a)Incubator set at 35 ± 0.5 C. 
(b)Water bath for tempering agar set at 

After sterilization of a load of bottles, 44-46 C. 
flasks or tubes, test items of each type for (c) Colony counter, Quebec dark field 
sterility by adding to one of each aerobic or model or equivalent. 
anaerobic broth medium (e.g., lauryl tryptose (d) Hand tally or electronic counting do
or fluid thioglycollate broth). Incubate and vice (optional). 
check for growth. (e) Pipet containers of stainless steel, 

aluminum or pyrex glass for glass pipets.5.2 Pure Water Quality: Pure water sys- (f) Petri dish containers of stainless steel 
es 

meant to produce the best possible or )aluminumshor oglass rpedishori 
tems are or aluminum for glass petri dishes. 
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(g) Thermometer certified by National 
Bureau of Standards or one of equivalent 
accuracy, with calibration chart. 

(h) Sterile TO (To Deliver) bacteriological 
or Mohr pipets, glass or plastic of appropriate 
volumes, see Part lI-B, 1.8.1. 

(i) Sterile 100 mm x 15 mm petri dishes, 
glass or plastic. 

(j) Sterile pyrex glass flasks, 100 ml, 
500 ml, and 1000 ml volume. 

I (k) Dilution bottles (milk dilution), pyrex 

glass, marked at 99 ml volume, screw cap 
with neoprene rubber liner. 

(I) Bunsen/Fisher gas burner or electric 
incinerator. 

(m) Inoculation loops, at least 3 mm 
diameter, or needles, nichrome or platinum 
wire, 26 B&S gauge, in suitable holder. 

5.3.4 Media
4 eiPate Cfreshly 

(a) Sterile Plate Count Agar (Tryptone 
Glucose Yeast Agar) dispensed in tubes (1i 
to 20 ml per tube) or in bulk quantities in 
screw cap flasks or dilution bottles. See 
Part li-B, 5.1.5. 

(b) Sterile buffered dilution water, 99 t 2 
ml volumes, in screw capped dilution bottles.See artlI-B7.Enterobacter 
See Part 11-13, 7. 

(c) Nutrient agar slants with slopes approx

imately 6.3 cm (21/ in) length in 125 x 16 mm 

screw cap tubes. 

5.3.5 Reagents: Sensitivity of the test 
depends on the purity of the reagents used. 
Use reagents of the highest purity and 
prepare them in water froshly redistilled from 
a glass still. 

(a) Sodium citrate solution: Dissolve 
0.29 g sodium citrate, Na3 C6H 5O7 .2H20, in 
500 ml redistilled water. 

Control 

Reagents Control 
Water 

A 

Sodium citrate solution 2.5 
Ammonium sulfate solution 2.5 
Salt-mixture solution 2.5 
Phosphate buffer (7.3 t 0.1) 1.5 
Test Water -

Control Water 21.0 

Total volume 30.0 

(b) Ammonium sulfate solution: Dissolve 
0.60 g ammonium sulfate, (NH4)2SO4, in 
500 ml redistilled water. 

(c) Salt mixture solution: Dissolve 0.26 g 
magnesium sulfate, MgSO4.*7H20; 0.17 g 
calcium chloride, CaCI 2 .2H 20; 0.23 g ferrous 

sulfate, FeSO4.*7H 20; and 2.50 g sodium 
chloride, NaCI, in 500 ml redistilled water. 

(d) Phosphate buffer solution: Stock 
phosphate buffer solution, diluted 1:25 in 
redistilled water, see Part lI-B, 7.1 in- this 
Manual. 

Boil reagent solution 1-2 min.to kill vege

tative cells. Store in sterilized glass-stoppered 
bottles in the dark at 5 C for several months but 

test for sterility before each period of use. 
Prepare tho salt-mixture solution without the 
ferrous sulfate for long-term storage. To use 

the mixture, add an appropriate amount of the 
prepared and freshly boiled iron salt. 

Solutions with a heavy ThrbrdRt 'should be 
discarded and a new solution prepared. Bac
terial contamination may cause turbidity in the 
phosphate buffer solution. Discard if this 
occurs. 

5.3.6 Culture: Isolate a pure culture ofaerogenes (IMViC type -- + 
from a polluted stream or sewage sample. 

5.3.7 Procedure 

(a) Collect 200 ml each, of the unknown 

Test Water and the Control Water (laboratory 
pure reference water) in sterile 500 ml screw 
cap flasks. Boil for 2 min-utes and cool to 
room temperature. 

(b) Label five, sterile 200 ml screw cap 

flasks as A, B, C, D, and E. Add the Test 
Water, Control Water, and reagents to each 
flask as described in the following table: 

Test (ml) Optional Tests (ml) 

Unknown 
Test Nutrient Nitrogen Carbon
 

Water Available Source Source
 
B C D E
 

2.5 2.5 
2.5 - 2.5 
2.5 2.5 2.5 2.5 
1.5 1.5 1.5 1.5 

21.0 21.0 21.0 21.0 
5.0 2.5 2.5 

30.0 30.0 30.0 30.0 
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(c) Perform a Standard Plate Count on 
prepared reagents, Control Water, and Test 
Water as a check on contamination, 

(d) 	On the day before performing the 
test, inoculate adistilled-water suitability a nutrient agarstrain of E. aerogenes onto 

slant. Streak the entire agar surface to
dlop.developStakc ntious-grth flmeandanda continuous-growth film 

harvestincubate 18-24 hours at 35 C. To 
viable cells, pipet 1-2 ml sterile dilution water 
from a 99 ml water blank onto the 18-24 
hour culture. Emulsify the growth on the 
slant by gently rubbing the bacterial film 
with the pipet, being careful not to tear the 

agar; then pipet the suspension back into the 

original 99 ml water blank. 

(e) Make a 1:100 dilution of the original 
water blank, a furtherbottle into a second 

bottle into a1:100 dilution of the second 
third water blank, then 10 ml of the third 
bottle into a fourth water blank, shaking 
vigorously after each transfer. Pipet 1.0 ml of 

the fourth dilution (1:10-6 ) into each of Flasks 
A, B, C, D. and E. Thi, procedure should 
result in a final dilution of the organisms to. 
a range of 30-80 viable cells from each ml 
of test solution. 

(f) Variations among strains of the same 

organism, different organisms, media, and 

surface area of agar slopes will possibly 
necessitate adjustment of the dilution pro-
cedure in order to arrive at a specific density 
range between 30 and 80 viable cells. To
establish the growth range numerically for a 

specific organism and medium, make a series 
of plate counts from the third dilution to 
determine the bacterial density. Then choose 
the proper volume from this third dilution, 
which, when diluted by the 30 ml in Flasks A, 
B, C, D, and E, will contain 30-80 viable 

cells/mi. If the procedures are standardized 
area of the slant and laboratoryas to surface 

technic, it is possible to reproduce results on 

repeated experiments with the same strain of 

(g) 	Add a suspension of Enterobacter 
-- ++) of such densityaerogenes (IMViC type 

that each flask will contain 30-80 cells/ml, 
above. Cell densitiesprepared as directed 

below this range result in ratios that are not 

consistent, while densities above 100 
cells/ml decrease sensitivity to nutrients in 

Test Water. Make an initial bacterialthe 
count by plating triplicate 1 ml portions from 
each culture flask in plate count agar. Mix 
well and incubate Test A through E -at 35-C
for 24 ±-2 hours. Prepare final plate oounts 

fo24-2hur.Peaeinlpteonsfrom each flask, using dilutions of 1, 0.1,0O.01, 0.001, andO0.0001 ml. 

5.3.8 Calculations 

(a) For growth-inhibiting substances: 

Ratio = colony count/ml Flask B
 
colony count/mI Flask A
 

A ratio of 0.8 to 1.2 (inclusive) shows no 
than 0.8toxic substances; a ratio of less 

shows growth-inhibiting substances in the 
water sample. 

(b) For nitrogen and carbon sources that 
promote growth: 

Ratio = colony count/ml Flask C
 
colony count/ml Flask A
 

(c) For nitrogen sources that promote 
growth: 

Ratio =colony count/ml Flask D
 
colony count/mi Flask A
 

(d) For carbon sources that promote 
bacterial growth: 

colony count/mi Flask E 
Ratio =colony count/mi Flaskcolony count/ml FlaskA 

(e) Do not calculate ratios b, c, or d when 
ratio a indicates a toxic reaction. Ratios b, c, 
or d, in excess of 1.2 indicate an available 
source for bacterial 	growth. 

5.3.9 Interpretation of Results 

(a) The colony count from Flask A after 
at 35 C, will depend on the20-24 hours 

number of organisms initially planted in 
Flask A and on the strain of E. aerogenes 
used in the test procedures. This. is, the 
reason the control, Flask A, must be run for 

each individual series of tests. However, for 

a given strain of E. aerogenes under identical 
environmental conditions, the terminal count 
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should be reasonably constant when the 
initial plant is the same. The difference between 
30 and 80 cells in the initial plant in Flask A 
will produce a three-fold difference in the final 
counts, providing the growth rate remains 
constant. Thus, it is essential that the initial 
colony counts on Flask A and Flask B be approx-
imately equal to secure accurate data. 

(b) When the ratio exceeds 1.2, it may be 
assumed that growth-stimulating substances 
are present. However, this procedure is ex-
tremely sensitive and ratios up to 3.0 would 
have little significance in actual practice. 
Therefore, when the ratio is between 1.2 and 
3.0, Tests C, D, and E do not appear to be 
necessary except in special circumstances. 

(c) Usually Flask C will be very low and 
Flasks D and E will have a ratio of less than 1.2 
when the ratio of Flask B to Flask A is between 
0.8 and 1.2. The limiting factors of growth in 
Flask A are the nitrogen and organic carbon 
present. An extremely large amount of 
ammonia nitrogen with no organic carbon 
could increase the ratio in Flask D above 1.2, or 
the absence of nitrogen with high carbon con-
centration could give ratios above 1.2 in Flask E, 
with a B:A ratio between 0.8 and 1.2. 

(d) A ratio below 0.8 indicates that the 
water contains toxic substances, and this ratio 

includes all allowable tolerances. As indicated 
in the proceding paragraph, the ratio could go 
as high as 3.0 from 1.2 without any undesirable 
consequences. 

5.4 Use Tests for Media, Membranes and 
Laboratory Pure Water 

The Use Test, a pragmatic approach to 

evaluation of materials and supplies, uses the 

routine methods of analysis to compare current 

and new batches or lots. Such tests operate 

on the theory that if a stimulatory or toxic effect 

cannot be demonstrated in actual test use, 

there is no effect. 

When a new shipment or lot of culture 
medium, membrane filters or a new source of 

laboratory pure water is to be used, or at annual 
testing period for water, conduct comparison 
tests of the current lot in use (reference lot) 

against the new-lot (test lot) as follows: 

QA/LABORATORY 

5.4.1 Use a single batch of pure water, 
glassware, membrane filters, or other needed 
materials as specified to control all other vari
ables except the one under study. 

5.4.2 Use the reference lot and the test lot, 
to conduct parallel pour plate or MF plate count 
tests on five natural or treated water samples 
according to standard procedures in this 

Manual. 

When comparing sources of pure water, 
conduct the tests in parallel using the reference 
water and test water separately for all water 
purposes in the tests (dilution, rinse, media 
preparation). 

5.4.3 After incubation, compare the 

bacterial colonies from the two lots for size 
and appearance. If the colonies on the test lot 
are atypical or noticeably smaller than colonies 
on the reference lot plates, record the evidence 
of inhibition or other problem, regardless of 
count differences. 

5.4.4 Count plates and calculate the indi
vidual counts per ml or per 100 ml, as required 
for final reporting values. 

5.4.5 Transform the final reporting values 

to logarithms. 

5.4.6 Compile the log-transformed results 
forthetwo lots inparallel columns and calculate 
the + or - difference, d, between the two trans
formed results for each sample. 

5.4.7 Calculate the mean, d, and the 
standard deviation sd of these differences. 

5.4.8 Calculate the Student's t statistic, 

using the number of samples as n: 

t = § d 
Sd/V" 

5.4.9 Use the critical value, 2.78, selected 
from a Student's t table at the .05 significance 
level for five samples(4 degreesof freedom),for 
comparison against the calculated value. 

5.4.10 If the calculated t value does not
 

exceed 2.78, the lots do not produce signifi-
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cantly different results and the test lot is 
acceptable. 

5.4.11 If the calculated t value exceeds 
2.78, the lots produce significantly different 
results. If the test lot results exceed reference 
lot results, the test lot is more stimulatory. If the 
test lot results are less than the reference lot, 
the test lot is less stimulatory. 

5.4.12 If condition 5.4.3 or 5.4.11 occurs, 
review test conditions, rerun the test and/or 
obtain different lots for testing and use. 

5.5 Reagents in General: The quality of 
test reagents must be assured. They must be 
correctly prepared and properly stored. The 
following general rules should be followed: 

5.5.1 Use ACS or AR grade chemicals that 
meet ACS specifications for preparing reagents. 
Impurities in uncertified or lesser grades of 
chemicals may inhibit bacterial growth, provide 
nutrients or fail to produce the desired reaction. 

5.5.2 Date chemicals and reagents when 
received and when opened for use. 

5.5.3 make reagents up to volume in volu-
metric flasks. For storage, transfer to good 
quality plastic (po:yethylene, polypropylene or 
tetrafluoroethylene) or borosilicate glass bot
tles with polyethylene or other inert plastic 
stoppers or caps. 

5.5.4 Identify prepared reagents with the 
generic name, the concentration, the date pre
pared and the initials of preparer. 

5.5.5 Store reagents under the conditions 
recommended by the manufacturer. 

5.5.6 Run positive and negative controls 
with each series of cultural or biochemical 
tests. 

5.6 Serological Reagents 

5.6.1 Evaluate serological antisera against 
known antigens and compare with antisera that 
have demonstrated acceptable reactivity. The 
quality of commercial serological reagents is 
subject to methodology'changes and new 

knowledge in manufacturing processes. Con
tinuity of reagent quality depends on com
pliance of each new reagent with minimum 
specifications. 

5.6.2 Repeat quality control procedures 
each time that reagent batches are prepared, 
regardless of the expiration date given by the 
manufacturer. 

5.6.3 Discard sera or antigens if contami
nation is discovered. 

5.6.4 Select another working dilution if the 
level of activity has dropped. 

5.7 Fluorescent Antibody Reagents 

Highly specific reagents, antigens of high 
purity arid very specific potent antibodies are 
required for fluorescent antibody techniques. 
The antisera must exhibit high staining intensi
ties. Some sera may have high titers in one type 
of serological test, but demonstrate poor 
staining titer and vice versa. 

5.7.1 Store desiccated fluorescent anti
body (FA) reagents at 4 C. Prepare aliquots of 
the rehydrated conjugate in screw-cap glass 
vials, freeze and store at -20 C until working 
dilutions are prepared. 

5.7.2 Test FA reagents for correct reactions 
with positive and negative controls before each 
use. Results of positive controls should be 
within one dilution of the average titer. 

5.8 Dyes/Stains: Organic chemicals are 
used as selective agents (e.g., brilliant green in 
brilliant green lactose bile broth), as indicators 
in bacteriological media (phenol red lactose), 
and as bacteriological stains (gram stain). Dyes 
from any commercial supplier vary from lot to 
lot in percent dye, dye complex, insolubles and 
inert materials present. Because dyes for micro
biological uses must be of proper strength and 
stability to produce the correct reactions, pur
chase only dyes which have been certified by 
the Biological Stain Commission for biilfogical 
use. 

5.8.1 Fluorescent Dyes: An important fac
tor in the preparation of antisera-dye conju
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gates is the purity of the fluorescein dye. 6.2.1 Some manufacturers certify that 
Infrared studies reveal that the purity of fluor- their membranes meet stated specifications 

escein isothiocyanate (FITC) commonly used on sterility, retention, recovery, pore size, flow 

in FA tests, ranges from 30 to 100% in com- rate, pH, total acidity, phosphate and other 

mercial products. Ideally 1,00% pure FITC extractables. 
preparations are used. Dyes of less purity may 
be satisfactory if thu weight used to label the 6.2.2 Most manufacturers sell sterile 

protein component of the serum allows for the membranes and those packaged for steriliza

impurities, and if the impurities do not increase tion by the user. Membranes may be sterilized 

non-specific staining, by autoclaving, ethylene oxide or irradiation. 

5.8.2 Check bacteriological stains before 
6.3 User's Quality Assurance 

use with at least one positive and one negative 

control culture. 
6.3.1 In addition to the quality assurance 

provided by the manufacturer, the user should 

6. Membrane Filters determine that the membranes perform satis
factorily by inspecting and testing each lot he 

6.1 	Government Specifications orders. The membranes should not be mis
shapen or the gridlines distorted after 

6.1.1 The quality and performance of autoclaving. 
membrane filters vary with the manufacturer, 
type, brand, lot number and storage conditions. 6.3.2 A membrane should allow good dif-

Membranes considered for purchase by federal fusibility of medium and be completely wetted 

agencies must conform to the government within 15 seconds after it is placed on the 

specifications published in 1974 Military medium substrate with no dry areas indicated 

Specifications (4). The detailed specifications by colorless or lighter-colored areas. 

required of the manufacturer by the federal 
government are an important advantage to 6.3.3 After incubation, the colonies 

other users of membrane filters because by should be of the expected size, with defined 

meeting federal requirements, manufacturers shape and clearly delineated edges. The color 

realize it is most efficient to make all mem- and morphology of the colonies must be typi

branes to these specifications. Hence, mem- cal of those defined by the test procedure. 

brane filters purchased from companies selling 
to federal agencies meet the federal specifi- 6.3.4 The analyst should observe that the 

cations. gridline ink does not "bleed" across the sur
face, or restrict colony development on or ad

6.1.2 The specifications list requirements 	 jacent to the cross-hatching. Colonies should 

for pore size, porosity, flow rate, diffusibility, be evenly distributed across the membrane 
surface. Membranes containing sizable areasautoclavability, sterility, diameter, thickness, 

retention and bacterial cultivation, with no colony development are questionable.bacterial 
The gridlines must be easily visible, permanent 
and not imprinted into the surface so as to 6.4 ASTM Test Proiedrei " 

cause channelling of growth. The grid ink must 
of variable recoveries of micronot stimulate or inhibit growth. Because 

organisms on different membrane filters, there 

6.1.3 The pads must have a specified di- is a critical need for standard 'procedures for 

ameter and thickness, limited acidity, no evaluating membrane filters. Procedures are 

waxes, sulfites, and other stimulating or inhib- being developed by Committee D-19.08.04 of 
ASTM for physical, chemical and microbiologiitive materials, and must absorb uniformly a 

specified volume of medium. cal characteristics of membrane filters. The 
procedures are intended for the larger labora

6.2 Manufacturer's Quality Assurance 	 tory and the manufocturer to test new batches 
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or lots of MF's. Bri3f descriptions of these tests 
re-for bacterial retention, inhibitory effects, 

covery, extractables and flow rate follow, 

6.4.1 Bacterial Retention Test 

The test is based on filtration of a standard 

culture through a 0.45 /um MF into a broth. 
Sterile equipment and aseptic techniques must 
be used. Five randomly-selected membranes 
from five randomly-selected packages should 
be tested. Control membranes should be taken 
from the same package as the test mem

branes. 

(a) Add 140 ml of double strength Trypti-
case soy or Tryptic soy broth to a liter vacuum 
flask and attach vacuum tubing. Wrap flask in 

kraft paper and sterilize. 

(b) Using an 18 hour broth culture of 

Serratia marcescens, prepare a final dilution in 

0.1% peptone, containing 1000 cells per 

100 ml. 

(c) Assemble a membrane filtration appa-
ratus using a sterile vacuum flask containing 
the broth. Insert the test filter, turn on vacuum 
and pour in 20 ml of sterile rinse water to set 
the membrane. Filter 100 ml of the culture 
suspens;on. Rinse funnel twice with 20 ml of 

peptone water. 

(d) After the filtration remove funnel and 

transfer the membrane filter to a Trypticase 
soy or Tryptic soy agar plate. Then aseptically 
remove membrane filteration base from the 

flask and insert a sterile stopper. Repeat 
filtrations four more times with sterile MF 
assemblies, culture flasks and membranes. 

(e) Incubate agar plates and flasks for 48 
hours at 35 C. Examine membranes for growth 
outside of filtering areas which indicates a 

leaky filtration assembly that could cause a 

false positive test. Turbidity in the culture flask 

indicates bacterial growth and failure of the 

membrane to retain the 0.2-0.3 lim sized bac-

teria, but does not indicate the numbers of 

organisms passing the filter. 

(f) Turbidity indicates filter failure. Repeat 

the test and control procedures. 

6.4.2 Inhibitory Effects: The test for inhibi
tory effects compares membrane filter counts 

on one or more test lots of membrane filters, 
with spread plate counts on Plate Count Agar 

using a specific pure culture of Escherichiacoil 
(IMViC + + 

(a) Prepare a dilution of the stabilized 24

hour culture in 0. 1% peptone dilution water so 
that 0.2 ml contains 30-150 viable cells. Add 
about 20 ml of sterile dilution water to the 
funnel before filtration. 

(b) Filter five replicate sample volumes of 

0.2 ml through five replicate membrane filters 
of each MF test lot and placo each on a plate of 

Tryptic soy agar. 

(c) Prepare the corresponding spread 
plates in random fashion to avoid a time effect, 

following a randomization table. 

(d) With the same pipet, deliver five addi

tional 0.2 ml volumes to the surface of five 
plates of Tryptic soy agar. The samples are 

distributed evenly over the surfaces of the 
plates with sterile glass rods. 

(e) Incubate the membrane filters at 44.5 C 
and agar plates at 35 C for 24 hours. Count the 
colonies. Compare recovc ;es on spreac plates 
and membrane filters. Acceptable filters should 
recover some set percentage of thd 'siread 
plate count. This percentage should be stab

lished by each laboratory based on previous 
performance by a known acceptable lot. 

6.4.3 Recovery (5): The procedure for re
covery compares the feual coliform counts on 
test membranes to the counts on spread plates 
using M-FC agar substrate. Four polluted 
waters and one raw sewage sampl'e are 
analyzed. 

(a) To determine sample test volumes, pre

pare serial dilutions of each sample in.0.1% 

peptone water to produce a suspension con

taining approximately 20-60 fecal coliforms 

per 0.1 ml. Hold original samples at 4 C. Deter

mine the fecal coliform density of each of the 

samples or dilutions by membrane filter or 

spread plate test. Read the results after 22-24 

hours incubation at 44.5 ± 0.2 C. 
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(b) If the fecal coliform density in the raw 
water samples is less than 10 per 0. 1 ml, seed 
the sample with raw sewage, allow to stabilize 
at 4 C for 24 hours and test as in (a). Then 
proceed with the standard test procedure. 

(c) Use the optimum dilutions from (a)or (b) 
for the test membranes and the spread plate 
controls. 

(d) Perform the membrane filter tests ac-

cording to the procedure described in Part II-C, 
3 of This Manual. 

(e) Prior to beginning the spread plate 
tests,airdrythesurfaceof the M-FC agar con-
tained in 100 ml petri dishes. Aseptically de
liver 0.1 ml of the selected sample dilution to 
the agar surface and spread with a sterile bent 
glass rod. Allow the sample aliquot to be com-
pletely absorbed before inverting the dish. 

(f) Alternate MF tests with spread plate 
controls to randomize systematic errors. 

(g) Insert petri dishes into waterproof bags 
or seal with waterproof tape, and submerge in 
the waterbath incubator. Incubate for 22-24 
hours at 44.5 ± 0.2 C. Record the temperature 
continuously during the incubation period. Af
ter incubation, remove plates and examine. 

(h) Count the blue colonies. If more than 
one dilution was prepared, select the plates 
with between 10 and 100 colonies, but prefer-
ably with 20-60 colonies. Calculate the arith-
metic mean of the five replicate fecal coliform 
counts and the five replicate spread plates. 
Determine percent recovery: 

MF R Count 100 = % Recovery______________x 

Spread Plate X Count 

(i)Verification: Pick 20 blue colonies from 
each of 2 randomly-selected filters and 2 
spread plates. If plates contain less than 20 
colonies, pick all blue colonies. Verify the colo-
nies in EC media as described in Part Ill-C, 4 of 
i'his Manual. To be acceptable, 80% of the 
colonies must verify. If the samples are known 
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or suspected to have a high concentration of 
pseudomonads or aeromonads, perform the 
cytochrome oxidase test. As in the verification 
procedure, a minimum negative oxidase test 
confirmation of 80% sho,!d be achieved for 
the membranes to be considered acceptable. 

6.4.4 Extractables 

(a)Total Extractables 

(1) Dry filters for 15 minutes at 70 C then 
bring to room temperature in a desiccator.
 
Weigh to constant weight on a four-place ana
lyticalbalance.
 

(2) Boil filters in 100 ml of distilled water
 
for 20 minutes. Remove the filters and dry at
 
70 C for 60 minutes. Bring filters to room
 
temperature in a desiccator and reweigh to
 
constant weight. Weighings shall be to the
 
nearest0.1 milligram.
 

Original Weight - Weight After Extraction
 
Original Weight
 

Percent 
X 100 = Extractables 

(b)Specific Extractables........
 

(1) Immerse filter in ASTM Type 1 reagent
 
grade water for 24 hours (6).
 

(2) Remove filter and assay Ahe extract for 
metals, total organics, phosphorus and
 
ammonia.
 

6.4.5 Flow Rate 

Water flow rate shall be determined by 
timing te passage of 500 ml of particle-free 
distilled water through a filter at 25 C and at a 
differential pressure of 70 centimeters of mer
cury. Particle-free water for this test is produced 
by passage of a high purity water through a 
0.2 pm membrane filter, three times in succes
sion, at 25C and at a differential pressure of
 
177 cm of mercury.
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The flow rate = - X 500 ml 


2EFA cm

= ml/min/cm 2 

Where: t = experimental time in minutes for 
filtering 500 ml of particle-free dis. 
tilled water 

and 
effective filtering area of a 47 mmn diam-
etAfbottles 

An average flow rate reported by manufac-

turers for 0.45 pm pore size, 47 mm diameter 

filters is 65 ml/min/cm2. 

7. Culture Media 

Since even the best cultural procedure is 
ineffectual if the medium is not prepared cor-
rectly, it is important to train personnel to use 
the best materials and techniques in media 
preparation, storage and application. Some 
factors that must be considered follow: 

7.1 Ordering Media 

7.1.1 Order media in quantities to last up 
to one year. Always use oldest stock first. 

7.1.2 Whenever possible and practical, 
order media in 1/4 pound multiples rather 
than one pound bottles to insure sealed pro-
tection of the supply as long as possible. Most 
deterioration nf media occurs after bottles are 
opened. 

7.1.3 Maintain an inventory record of me-
dia: the dates received, sizes, number of units, 
etc. Review the inventory quarterly for neces-
sary reordering. Date each bottle when re-
ceived and when opened. Bottles should be 
inspected for color changes, caking or other 
indication of deterioration. Discard such bot-
tles and reorder. 

7.2 Holding Time Limits for Media 

Because of the myriad of environmental 
conditions affecting media, and the unique 

composition and sensitivities of different 
media, it is impossible to establish universal 
time limits for holding unopened bottles of 
media. Therefore, a conservative and protec
tive recommendation is 'a limit the storage of 
unopened bottles of cultural media to two 

-years. This limit should insure good perolr 
mance of media with proper storage 
conditions. 

7.3 Preparation of Media 

7.3.1 	 In high humidity areas, store opened 
of media in a large hinged-door desic

cator. Open bottles as briefly as possible during 

the weighing process and return to the desic
cator immediately after use. 

7.3.2 Discard opened bottles of media 6 

months after initial use. 

7.3.3 Weigh media to the nearest 0.1 
gram on a single pan, top loader balance as 
quickly as possible. 

7.3:4 Keep balance out of drafts and away 
from high humidity. Use aplastic shield around 
the balance to protect from drafts. 

7.3.5 Clean the balance and surrounding 
area immediately after weighing media. 

7.4 Solution of Media 

7.4.1 Check cleanliness of glassware. Use 
bromthymoi blue indicator to spot-check pH of 
glassware (5.1.2 in this Section). 

7.4.2 Prepare media in a deionized or dis
tilled water of proven quality. Ultra-pure water 
from a recirculating deionization system is re
commended. Measure volumes with the great
est accuracy possible using the proper pipet or 
graduate (PartlI-B, 1.8). 

Check the pH of media after solution and 
after sterilization using a laboratory model pH 
meter. Enter results in the QC record book. 
The reading should be within 0.2 units of the 
stated value. If not, discard batch and remake. 
If the pH is still incorrect, use another bot
tie or batch. pH differences indicate a prob
lem of distilled water quality, deterioration of 
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medium or improperly-prepared medium. The 
problem must be identified and corrected. The 
problem should be carefully documented in 
the quality control record book and reported to 
the manufacturer if the data indicate the me-
dium as the source of error. 

7.4.3 Note in the QC record any unusual 
color development, darkening, or precipitation 
of media. Check the sterilization time and tem-
perature. If there is a drastic change in appear-
ance, discard medium and remake it. If the 
problem still exists, remake the batch using a 
different lot of medium. 

7.4.4 Containers for preparation of 
batches of broth or agar should be twice the 
volume of the medium being prepared. 

7.4.5 Media should be stirred continu
ously while being heated to avoid burning. 
Agar media are particularly susceptible to 
scorching and boilover. The only insurance 
against scorching or boilover is use of aboiling 
water bath for small batches of media or con-
stant attention while heating larger batches on 
a hot plate or burner. A combination hot plate 
and magnetic stirrer is recommended for solu-
tion of media. 

7.4.6 Bottles, tubes or plates of prepared 
media are identified and dated. 

7.5 Sterilization by Autoclave 

7.5.1 Media should be sterilized for the 
minimal time specified by the manufacturer. 
The amount of time required to sterilize a me-
dium in an autoclave will vary. with the type 
and volume of medium and the size and shape 
of containers. See the table in Part lI-B, 4.3 
on sterilization. 

7.5.2 Since the potential for damage to 
media increases with increased exposure to 
heat, the amount of lag time before the auto-
clave is at full pressure and temperature can 
be a critical factor in whether media are dam
aged. The danger from an extended heating 
period is reduced with use of a double-walled 
autoclave which allows the operator to main-
tain full pressure and temperature in the jacket 

'GA/LABORATORY 

between loads. As soon as the autoclave is 
loaded and closed, steam can be admitted to 
the chamber and in a relatively short time, full 
pressure and temperature are developed in the 
chamber. The total exposure time for media 
sterilized 15 minutes at 121 C should not 
exceed 45 minutes. 

7.5.3 Avoid overcrowding in an autoclave 
which reduces its efficiency. Large volumes of 
media should be preheated to reduce the lag 
period before placing them in the autoclave. 

7.5.4 Remove sterile media from the auto
clave as soon as pressure is at zero. 

7.5.5 Media must be discarded ifcontami
nation is suspected. Reautoclaving is not 
permitted. 

7.5.6 A preventive maintenance contract 
is recommended for autoclaves. It should in
clude checks on the accuracy of pressure h.nd 
temperature gauges and recorders and opera
bility of safety valve. 

7.5.7 Check the effectiveness of steriliza
tion weekly, using strips or ampuls of Bacillus 
stearothermophilusspores. Commercial pack
ages of these spores are available in ampuls of 
growth-indicator media. Sterilization at 121 C 
for 12-15 minutes will kill the spores. Incubate 
the autoclaved cultures at 55-60 C and if 
growth occurs, sterilization is inadequate. 

7.6 Sterilization b Filtration 

7.6.1 Non-autoclavable solutions can be 
sterilized by membrane filtration. With careful 
preparation of the sterile filtration and receiving 
apparatus, passage of a solution through a 
0.2 lim membrane filter will pi-oduce a sterile 
solution. 

7.6.2 The filtration and subsequent sterile 
dispensations should be performed in asafety 
cabinet or bio-hazard hood. 

7.7 Gaseous Sterilization 

Equipment, supplies or other solid or dry 
materials which are sensitive to heat can be 
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sterilized by long exposure to ethylene oxide 

gas (ETO) using available commercial equip-
ment. Check sterility with culture of B. subti;is 

var. nigerspores. 

7.8 Use of Agars, Broths, and Enrich-

ment Media 

7.8.1 Agars 

(a)Agar plates to be used for streaking or 

spread plates are kept open slightly for 15 

minutes after pouring or after taking out of. 

refrigerated storage to evaporate free mois

ture which would cause confluent growth on 

streak plates. 

(b) Agar plates used for MF and spread 

plate work must be free of lumps, uneven 

surfaces, pock marks, bubbles or foam which 

prevent good contact between the agar and 

the membrane or uniform growth on spread 

plates. 

(c) Melted agars should be held in a tem-

pering water bath at 44-46 Cbut no longer than 

three hours. As a safety precaution against the 

use of agars which are too hot and might kill 

cells, place a bottle of agar in the same boiling 

water or under the same autoclave conditions 

as the agars to be used. After the agar is melted, 

transfer agar to a tempering bath. Insert 

thermometer in the agar bottle and use it to 

determine when the temperature of the agars 
useis at approximately 44-46 C and safe for 

in pour plates. 

7.8.2 Broths 

(a) Handle sterile MPN fermentation tubes 

of lauryl tryptose broth or brilliant green bile 

broth carefully prior to use. Shaking card en-

trap air in the inner tubes and produce a false 

positive. Examine fresh tubes before use and 

discard any with a bubble. 

(b) Reduced media such as thioglycollate 

broth 	 oxid*ze in storage. Before use, these 
be heated boiling water forbroths must in 

20-30 minutesto reduce the medium. 

7.8.3 Enrichments 

(a) Bring the base medium to 44-46 C 

before addition of a labile constituent. 

(b) Warm enrichments such as blood or 

serum to room temperature before adding to a 

base medium. 

(c) Once labile material is added to a me. 

dium, prepare plates or tubes as soon as possi

ble. Do not hold the batch medium in a water 

bath for more than 10 minutes. 

7.9 Storage of Media 

7.9.1 The recommended time limits for 

holding prepared media in the laboratory are: 

96- '
 
MF broths in screw-cap 


hours
flasks at 4 C 
(Work Week) 

MF agars in plates with Two
 
Weeks
tight-fitting covers 

at 4 C 

One 
C Week

Agar or broths in loose-
cap tubes, at 4 

Agar or broths in screw- Three
 

cap tubes, tightly Months
 

closed, at 4 C
 

Agar plates (non.MF) with Two
 
in Weeks
loose-fitting covers, 

sealed plastic bags, at 
4 C
 

Lai-ge volumes of agar in Three 
or Monthsscrew-cap flasks 


bottles tightly-closed,
 
at 4 C
 

7.9.2 Store fermentation tube media in 

the dark at room temperature or 4 C.If refriger

ated, incubate overnight atroom temperature 

to detect false positive gas bubbles. 

7.9.3 Since loss of moisture is a major 

problem of storage, screw-capped tubes and 

flasks are recommended. Prepoured agar 
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sterilized by long exposure to ethylene oxide 

gas (ETO) using available commercial equip-
ment. Check sterility with culture of B. subtilus 
var. nigerspores. 

7.8 Use of Agars, Broths, and Enrich-

ment Media 

7.8.1 Agars 

(a) Agar plates to be used for streaking or 

spread plates are kept open slightly for 15 

minutes after pouring or after taking out of. 

refrigerated storage to evaporate free mois

ture which would cause confluent growth on 

streak plates. 

(b) Agar plates used for MF and spread 
must free of lumps, unevenplate work be 

surfaces, pock marks, bubbles or foam which 

prevent good contact between the agar and 

the membrane or uniform growth on spread 

plates. 

(c) Melted agars should be held in a tern-

pering water bath at 44-46 Cbut no longer than 

three hours. As a safety precaution against the 

use of agars which are too hot and might kill 

cells, place a bottle of agar in the same boiling 
water or under the same autoclave conditions 

as the agars to be used. After the agar is melted, 
transfer agar to a tempering bath. Insert 
thermometer in the agar bottle and use it to 
determine when the temperature of the agars 
is at approximately 44-46 C and safe for use 
in pour plates. 

7.8.2 Broths
 

(a) Handle sterile MPN fermentation'tubes 
of lauryl tryptose broth or brilliant green bile 

broth carefully prior to use. Shaking can en-

trap air in the inner tubes and produce a false 

positive. Examine fresh tubes before use and 

discard any with abubble. 

(b) Reduced media such as thioglycollate 

broth oxidize in storage. Before use, these 
broths must be heated in boiling water for 

20-30 minutes to reduce the medium. 

7.8.3 Enrichments

(a) Bring the base medium to 44-46 C 

before addition of alabile constituent. 

(b) Warm enrichments such as blood or 

serum to room temperature before adding to a 

base medium. 

(c) Once labile material is added to a me

dium, prepare plates or tubes as soon as possi

ble. Do not hold the batch medium in a water 

bath for more than 10 minutes. 

7.9 Storage of Media 

7.9.1 The recommended time limits for 

holding prepared media in the laboratory are: 

MF broths in screW-cap 
hoursflasks at 4 C 

(Work Week) 

MF agars in plates with Two 
Weekstight-fitting covers 

at 4 C 

Agar or broths in loose- One 
4 C Weekcap tubes, at 

Agar or broths in screw- Three 
cap tubes, tightly Months 
closed, at 4 C 

Agar plates (non-MF) with Two 
loose-fitting covers, in Weeks 
sealed plastic bags, at 
4 C
 

Large volumes of agar in Three 
or Monthsscrew-cap flasks 


bottles tightly-closed,
 
at 4 C
 

7.9.2 Store fermentation tube media in 

ihe dark at room temperature or 4 C.If refriger
ated, incubate overnight at room temperature 
to detect false positive gas bubbles. 

7.9.3 Since loss of moisture is a major 

problem of storage, screw-capped tubes and 

flasks are recommended. Prepoured agar 
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plates can be sealed in plastic bags to retain 
moisture and refrigerated, 

7.9.4 A simple check for loss of moisture 
In broth-tubes can be made by marking the 
original level in several tubes of each batch 
and then observing the loss of moisture over 
time. If the estimated moisture loss exceeds 
ten percent, discard the tubes of broth. 

7.9.5 Protect media containing dyes from 
light. If color changes are observed, discard 
the medium. 

7.9.6 Prepared sterile broths and agars 
are available from commercial sources. Their 
use may be advantageous when analyses are 
done intcr.iiit (ently, when staff is not available 
for such preparation work, or when cost of 
their use can be balanced against other factors 
of laboratory operation. However, purchase of 
prepared media does not reduce thq responsi-
bility of the laboratory for checkirig the pe.-for-
mance of the media, regardless of the stated 
quality control practices of the manufacturer. 

7.10 Quality Control of Prepared Media 

7.10.1 Maintain a book with a'complete 
rocord of each batch of medium prepared. 

Include the date, the name of the 'medium 
and lot number, amount of medium weighed 
out and volume of medium prepared, the 
record of sterilization, pH measurements, 
pH adjustments made, special handling or 
preparation techniques, e.g., use of heat
sensitive compounds or components, and 
name of preparer. 

7.10.2 Incubate five percent of each batch 
of medium for 2 days at 35 C and inspect for 
growth. 

7.10.3 Check each batch of medium when 
used by inoculating 2 tubes or plates with pure 
cultures of species producing positive and 
negative reactions for that medium. 

7.10.4 Test new batches of differontial 
media by inoculating with organisms of known 
fermentative or other biochemical ability. Simi
larly, enrichment and selective media are 
tested for productivity of the desired microor
ganisms and inhibition of other microorga
nisms. Tables IV-A.4 and IV-A-5 list a group of 
organisms with the broths, agars, biochemical 
tests and reactions to which they can be 
applied. 

7.10.5 Record sterility and positive/ nega. 
tive performance checks in the media prepara
tion portion of the quality control log. 
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TABLE IV-A-1 

Monitoring Laboratory Equipment 

Item 

1. 	 Balance 

2. pH Meter 

3. Water Deionizer 

4. 	 Water Still 

Monitorlng Procedure 

a. 	 An analytical ,.alance with a sensitivity of I mg or less at a
 

10 g load should be used for weighing 2 g or less. For larger
 
quantities, a balance with accuracy of 50 mg at a 150 g load 
should be used. 

b. 	 Check balance monthly with a set of certified class S weights. 

c. 	 Wipe balance and weights clean after each use. 

d. 	 Protect weights from laboratory atmosphere and corrosion. 

e. 	 Contract 'with a qualified expert for balance maintenance on an
 
annual basis.
 

a. 	 Compensate for temperature with each use. 

b. 	 Date standard buffer solutions when first opened and check 
monthly with another pH meter. Discard the buffer solution if 
the pH is more than ± 0.1 pH unit from the manufacturer's 
stated value or if it is contaminated with microorganisms. 

c. 	 Standardize with at leant one standard buffer (pH 4.0, pH 7.0, 

or 	pH 10.0) before each use. 

d. 	 Do not re-use buffer solution. 

a. 	 Have meters Inspected at least yearly as part of a maintenance 
contract. 

a. 	 Monitor water for conductance daily. Monitor trace metals and 
other toxic or nutritive compounds monthly. See Table IV-A-3. 

b. 	 Replace cartridgis as indicated by manufacturer or as Indicated 
by analytical results. 

c. 	 Monitor bacterial counts at exit point of unit. Replace the
 
cartridges when standard plate count oxceeds 10,000/ml.
 

a. 	 Drain and clean monthly according to lnstru-tions from the
 
manufacturer.
 

b. 	 Drain and clean distilled water reservoir quarterly. 

c. 	 Check distilled water continuously or daily using a conductance 
meter. See Table IV-A-3. 

d. 	 Conduct chemical tests on water to detect toxicity or stimullior, 

effect. See Table IV-A-3. 

e. 	 Conduct standard plate counts monthly on stored water and 
clean out reservoir If count > 10,000/ml. 
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Item 

5. 	 Dispensing Apparatus 

6. 	 Ultraviolet 
Sterilizer 

7. 	 Membrane Filter 
Equipment 

8. 	 Spectrophotometer 

9. Centrifuge 

TABLE IV.A.f 
(continued) 

Monitoring Laboratory Equipment 

Monitoring Procedure 

a. 	 Check accuracy of dispensation with an NBS class A. graduated 
cylinder at the start of each volume change and periodically 
throughout extended runs. 

b. Lubricate moving parts according to manufacturer's Instructions 

or 	 at least once per month. 

c. 	 Correct immediately any leaks, loose connections or malfunctions. 

d. 	 After dispensing each type of medium, pass a large volume of 

hot distilled water through dispenser to remove traces of agar 
or medium. 

e. 	 At the end of the work day, break down unit into parts, wash 
well, rinse with distilled water and dry. 

a. 	 Remove plug from outlet and clean ultraviolet lamps monthly by 
wiping with a soft cloth moistened with ethanol. 

b. 	 Test ultraviolet lamps with light meter quarterty:"'? they emit 
less than 80% of their rated initial output, replace them. 

c. 	 Perform spread plate Irradiation test quarterly, sea This
 
Section, 4.2.1.
 

a. 	 Check funnol support for leaks. 

b. 	 Check funnel and funnel support to make certain they are 
smooth. Discard funnel if inside surfaces are scratched. 

c. 	 Clean thoroughly after each work day. 

a. 	 Maintain quality control and calibration' check as recommended 
by the manufacturer. 

b. 	 Have Inspected yearly by a factory maintenance man. 

a. 	 Check brushes and bearings for wear every six months. 

b. 	 Check rheostat control against a tachometer at various loadings 

every six months to ensure proper gravitational fields. 
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TABLE IV-A-1 
(continued) 

Monitoring Laboratory Equipment 

Item Monitoring Procedure 

10. Microscope a. Allow only trained technicians to use. 

b. Appoint one laboratory worker to be responsible for the 
of the microscope. 

care 

c. Clean optics and 
for cleaning. 

stage after every use. Use only lens paper 

d. Keep covered when not in use. 

e. Establish annual maintenance on contract. 

f. Maintain In one location if possible. 

11. Microscope, 

Fluorescence 

a. Allow only trained technicians to use microscope and light 

soirce. 

b. Keep a log of lamp operation time. 

c. Monitor lamp with meter. See Section 4.2.2. Replace the 
lamp when < 80% of original fluorescence is observed. 

d. Check lamp alignment, particularly if bulb has been changed. 
Realign the fluorescent light source if necessary. 

a. Use known 4+ fluorescence slides as controls. 

12. Safety Cabinet 
(Hood) 

a. Check filters monthly for plugging or obvious dirt accumulation. 
Clean or replace filter as needed. 

b. Check cabinet for leaks and for rate of air flow every three 
months. 

c. Expose blood agar plates to air flow for 
month to measure contamination. 

one hour once ,per 

d. Remove plug from the outlet and clean ultraviolet lamps every 
two weeks by wiping with a soft cloth moistened with ethanol. 

e. Toot ultraviolet lamps quarterly with o light meter. If lamp 
emits less then 80% of the rated output, replace lamp. 

1. Perform maintenance as directed by the manufacturer. 

g. Purchase end use a pressure monitor 
efficiency of air flow. 

control device to measure 
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TABLE IV-A-1 
(continued)
 

Monitoring Laboratory Equipment
 

Item 

13. 	 Thermometers and 
Recording Devices 

14. 	 Water Bath 

15. 	 Refrigerator at 4 C 

16. 	 Hot Air Oven 

17. 	 Freezers 

Monitoring Procedure 

a. Check the accuracy of thermometers and temperature recording 
Instruments, in the monitoring range, at least annually against a 
certified thermometer or one of equivalent accuracy. Thermometer 

graduations should not exceed the 0.2 or 0.5 C deviation permitted 

In the analytical method. Check mercury columns for breaks. 

b. Record calibration checks in quality control (OC) record. Mark 
NBS calibration correction on each thermometer or on the outside 

of the incubator, refrigerator or freezer containing the thermometer. 

c. Record daily temperature checks 
three years. A simple, one year 

on charts and keep for at least 
chart is shown in Figure IV-A-1. 

a. Check and record temperature daily. Bath 

temperature needed for the test in use. 

must maintain the uniform 

b. Maintain accurate thermometer completely immersed in water bath. 

c. A recording thermometer end alarm system are recommended. 

d. Clean monthly. 

e. Use only stainless steel, 
corrosion-proof ra:ks. 

rubber, plastic-coated, or other 

a. Check and record temperature daily. 

b. Clean monthly. 

c. Require identification and dating of all material. 

d. Defrost 
freezer 

unit and discard outdated 
compartments every three 

materials 
months. 

in refrigerator and 

a. Test performance with spore strips or suspensions quarterly. 

b. Equip and 
160-180 C 

monitor 
range. 

sterilization with a thermometer accurate in 

s. Check temperature end record daily. . 

b. Use of recording thermometer and alarm system recommended. 

c. Require identification and dating of all materials. 

' d. Clean and 
materials. 

defrost freezer every six months. Discard outdated 
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TABLE IV-A-1 
(continued) 

Monitoring Laboratory Equipment 

Item Monitoring Procedure 

18. Autoclave a. Record temperature and pressure 
thermometer recommended. 

for each run. Recording 

b. Verify that autoclave maintains uniform operating temperature. 

c. Check operating 
weekly basis. 

temperature with a min/max thermometer on a 

d. Test performance with spore strips or suspensions wilEly. 
evidence of contamination occurs, check until the cause is 
identified and eliminated. 

"Y 

e. Procure semi-annual preventive maintenance inspections. 

19. Incubator (Air/Water.Jacket) a. Check and record temperature daily. 

b. 

c. 

If partially-submersible glass thermometer is used, bulb and 
must be immersed in water to the mark on stem. 

Measure temperatures daily on top and bottom shelves. 

Periodically measure temperature on all shelveo in use. 

stem 

d. Expand test points proportionately for walk-in incubators. 

e. Recording thermometer and alarm system are recommended. 

f. Locate 

of the 

incubator 

16-27 C 

where 

railge. 

room temperature does not go outside 
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Read daily.
 
Record temperature in space provided.
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17 


18
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23
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24 
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27
27 

28 28 

2929 

3131 


FIGURE IV-A-1. Equipment Operation Temperature Record. 
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TABLE IV-A-2 

Glassware Maintenance 

Item Monitoring Procedure 

1. Utensils and 
Containers for 
Media Preparation 

Use utensils and containers of non-corrosive and non-contaminating 
materials such as pyrex glass, stoinless. steel or 

aluminum. 

2. Glassware (Reusable) a. 

b. 

c. 

d. 

With each use, examine glassware especially screw-capped dilution 
bottles and flasks, for chipped or broken edges and etched 
surfaces. Discard chipped or badly-etched glassware. 

Inspect glassware after washing. If water beads excessively on the 

cleaned surfaces, run the glassware through again. 

Test for acid or alkaline residues by adding bromthymol blue indicator 

to representative glasaware items (see 5.1.2 In This Section). 

Test for residual detergent by the test in 5.1.3. This Section. 
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Laboratory 

Parameter 

Chemical Tests 

Conductivity 

pH 

Total Organic 
Carbon 

Trace Metal, Single 

Trace Metals, Total 
(Cd. Cr. Cu Ni. Pb, Zn) 

Ammonia/Amines 

Free chlorine 

Biological Tests 

Standard Plate Count 
Fresh Water 
Stored Water 

Water Suit-
ability Test 

Water Use-Test 

TABLE IV-A-3 

Pure Water for Bacteriological Testing 

Ideal 
Monitoring 
Frequency 

Continuously 
or with each 

use 

With each use 

Monthly 

Monthly 

Monthly 

Monthly 

With each use 

Monthly 
Monthly 

Yearly and when 

conditions change
 

Yearly and when 

conditions change 


Limit 

1-2 pmhos/cm 
at 25 C 

5.5-7.5 

< 1.0 mg/liter 

<0.05 mg/liter 

" < 1.0 mg/liter 

<0.1 mg/liter 

<0.1 mg/liter 

< 1000 bacteria/ml 
< 10,000 bacteria/ml 

Ratio: 0.8-3.0 

Calculated 
t value 
< 2.78 
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TABLE IV-A4 

Quality Control of Media 

Medium Control Cultures 	 Expected Results 

M-Endo MF Broth 	 Eacherichia coli Golden green metallic sheen 
or Agar 	 Enterobacter aerogenee Golden green metallic sheen
 

Achromobecter sp Red colonies
 
Pseudomonea sp Red colonies
 
Salmonella Sp Red colonies if medium overheated
 

M-FC Broth E co/i Blue colonies
 
or Agar K. pneumonias Blue colonies
 

£ aerogenes No growth
 

Brilliant Green Bile E coi Growth with gss
 
Lactose Sroth £ aerogenes Growth with gas
 

C. fraundil Growth with gas 
Staph. aureus No growth 

Lauryl Tryptose E co/i Growth with gas
 
Broth £ aerogenes Growth with gas
 

S. typhimulyum 	 Marked to complete inhibition 
S. aureus 	 Marked to complete inhibition 

Levine's Eosin E coil Nucleated black colonies with
 
Methylene Blue Agar golden green metallic sheen
 

E. aerogenes 	 Pink colonies with dark centers 
C. freundil Colorless colonies 
Salmonella sp Colorless colonies 
Klebsiella sp Large brown mucoid colonioa 

Xylose Lysine 	 Salmonella sp Red colonies, to red with black centers 
Desoxycholate Agar Kiebsiella ap Yellow colonies 
(XLD) E coll Yellow colonies 

£ aerogenes Yellow colonies 

Bismuth Sulfite Agar 	 Sae/. typhoss Black colony with black or brownish
black zone. with or without sheen 

Other Salmonella sp Raised green colonies 
Coliforms Green colonies 

Brilliant Green Agar Salmonella sp Pink-white opaque colonies surrounded 
by brilliant red zone 

£ co/i Inhibition or yellow green colonies 
P. 	vulgafia Marked to complete inhibition or red 

colonies 
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TABLE IV-A-4 
(continued) 

Quality Control of Media 

Medium Control Cultures 	 Expected Results 

KF Streptococcus Agar 	 Strop. faeci,/ Pink to red colonies 
Strop. pyogene No growth 
S. aureus No growth 
E col No growth 

PSE Agar 	 S. feecalls Black colonies 
E col No growth 
S. aureus 	 No growth 
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TABLE IV-A-5
 

Quality Control of Biochemical Tests
 

Test Control 	 Culture Expected Results 

BHI Broth at pH 9.6 	 Strep. foeca/is Positive: growth
 
Strop. mitis-salivarlus Negative: no growth
 

BHI Broth with 0.5% 	 S. faecaiai Positive: growth 
NoC I 	 S. mitel/verius Negative: no growth 

Arginine Dehydrolase 	 Sa/m. Wyphimurum Positive: alkaline reaction 
(Moeller's medium) reddish v;olet color 

Sailrn. flexnerl Negative: yellow color 

Lysine Decarboxylaso S. typhimurlum Positive: alkaline reaction 

(Moeller's medium) reddish violet color 
S. flexner 	 Npgative: acid, yellow reaction 

Ornithine Docarbox. S. typhimurlum Positive: alkaline r03ction 
ylase (Moeller's reddish violet color 
medium) S. flexnerl Negative: yellow color 

Indole Production Escherichie coli Positive: red color 
(Tryptophane Broth) Salmoneils ep Negative: orange/yellow color 

Enterobacter aerogenes Negative: orange/yellow color 

Methyl Red (Buffered 	 E. coil Positive: red color 
Peptone Glucose Broth) 	 E. aerogenee Negative: no change 

Voges-Proskauer 	 E. sarogonea Positive: pink color 

(Buffered Peptone 	 E. ,oll Negative: no color change 
Glucose Broth) 

Citrate Utilization E aerogene Positive: growth, change to 
blue color(Simmons Citrate Broth) 

E. 	col Negative: no color change, 
no growth 

Urease Production Proteus mirabilia Positive: color change, pink 
(Christensen's Urea to red 
Agar) Salmonella ap Negative: no color change 

Catalase S. aureus Positive: bubbles 
(BHI agar slant) S. faecalia Negative: no bubbles 

IDEP MICROBIOLOGICAL MANUAL 1978 222 



Test 

Cytochrome Oxidase 
(AJlha-napthol and pare-
amino-dimethylaniline 
oxalate) 

Phenylalanine 
Deaminase 
(Phenylelanine Agar) 

Malonate Utilization 
(Malonate Broth) 

Milk, Methylene
Blue, O. % 

Nitrate Reduction 
(Potassium Nitrate 
Broth)
 

2, 3, 5-Triphenyl 

Tatrazolium Chloride 

in TG Agar 


Tellurite Agar 

Beta-Hemolysis 
in Blood Agar 

Hydrogen Sulfide 
(Triple Sugar 
-iron Agar) 

TABLE IV-A.5
 
(continued)
 

Quality Control of Biochemical Tests 

Control Culture Expected Results 

Ptoudomonag aeruginosa Positive: blue color
E coil Negative: no change

S. aureua Negative: no change 

P. mlrabIlia Positive: green color
Salmonella sp Negative: no color change
E. coli Negative: no color change 

K. pneumonia# Positive: blue color changeE. co/i Negative: no growth or color 
change
 

S. faeca/i Positive: reduction of 
methylene blue
 

Group 0 Streptococci Negative: no growth

Strap. sollvarius Negative: 
 no growthP. aeruginosa Peptonization and digestionC. perfnngens Acid, c..agulation and gas 

E. coi Positive: red color changeP. aeruglnoa Negative: no color change 

S. faecalla Positive: reduction of TTC
 
(red color)


Strep. feecium Negative: no color change
 

S. faccall Growth 
S. faeclum No growth 

S. faecalla Positive: lysis of red blood cells
 
var. zymogeneg
 
S. faecafla Negative: no lysis of red blood cells 

Slant Butt H2S Production 
E. co// A A G
P vulgars A A G
S. typhimurlum 

+ 
K A G + 
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TABLE IV.A.5 
(continued)
 

Quality Control of Biochemical Tests
 

Test Control Culture Expected Results 

Slant Butt H2S Production 

Lysine S. typhimurium K K + 

(Lysine Iron Agar) S. flexneri K A 

Positive: liquefactionS. marcescensGelatin 	 Uquefaction 
Positive: liquefactionS. feecallaat 2C C 

var. llquefaclena(Nutrient Gelatin) 
Negative: no liquefactionS. (aecals 
Positive: liquefactionC. perfringons 
Negative: no liquefactionE. cofi 
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