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INTRODUCTION
 

The Fifth Work Plan of the Pond Dynamics/Aquaculture CRSP was developed by theCRSP Technical Committee at a meeting in Davis, California on May 1 to 4, 1989. Thiswork plan describes activities to be conducted by the CRSP during the period 1 September1989 to 31 August 1991. This two-year period includes the last year of the current AIDGrant and the first year of the proposed continuation grant. Many of the studies describedin this work plan are contingent upon the continuation of the program. Additionally,several studies are proposed for which funding is not allocated in the existing grant and the-proposed continuation. These studies, which are identified in the text, will be supported byother sources. 

The Fifth Work Plan will be implemented in Honduras, Rwanda, Thailand, and the USA.Most field studies will concentrate on the dynamics of freshwater ponds although severalexperiments in Honduras will be concerned with the dynamics of brackish water ponds. Inaddition to field activities at the research farms of the cooperating institutions, experimentswith cooperating farmers are planned. Analysis and synthesis of the global data resultingfrom the field studies will be conducted in the United Sr'tes. 
The first three CRSP work plans specified identical experiments at all CRSP sites toprovide a baseline for comparisons between sites. The approach for the Fourth Work Plan,which covered the period 1 September 1987 to 31 August 1989, changed in that different,but related, experiments were conducted at the various sites. In this way, many morehypotheses could be tested than if the same experiments were conducted at all sites. TheFifth Work Plan follows the same approach as the Fourth Work Plan. Different, butrelated, topics will be considered at each site. The particular topics to be studied at each siteare based on the research needs of aquaculture in each country and the needs for moreinformation, as identified by the CRSP Technical Committee. 

The general goals of this work plan are: 

1. To preserve the global nature of the CRSP experiments;2. To conduct experiments to refine management practices for fertilized ponds;3. To verify CRSP results with cooperating farmers;4. To continue adding observations to the global CRSP database; and5. To provide verified preliminary guidelines for management of ferti'lized ponds. 

EXPERIMENTS 

THE GLOBAL EXPERIMENT 
The Fifth Work Plan will preserve the global nature of the CRSP and will address diverseresearch needs at each site. 
methods. 

First, data will continue to be collected using standardizedSecond, these data will be entered into the global database, which is maintainedat the CRSP Program Management Office in Corvallis, Oregon, USA. The database is
used by the Data Analysis and Synthesis Team in their development of generalized models
and guidelines. The database also is available to the field stations and other interestedresearchers throughout the world. Third, related experiments are conducted at the variousresearch stations. For example, studies of maintenance of minimum dissolved oxygenconcentrations and the effects of pond size will be conducted in both Thailand andHonduras. Supplemental feeding studies will be conducted in Honduras and Rwanda.On-farm studies are planned for Rwanda and Thailand. 

1
 



REQUIRED MEASUREMENTS
 

This section of the work plan lists the minimum requirements for data collection by the 
CRSP projects. The accepted methods for data collection are presented in the Summary of 
Accepted Analytical Methods (Section 3), which starts on page 44. Detailed descriptions of 
accepted methods are contained in the appendices. Frequencies of data collection as 
specified in this section are minimum frequencies. Data may be collected more frequently 
at the discretion of the individual projects. 

The following measurements must be taken daily: 

* Solar Radiation 
• Wind Speed 
* Air Temperature (maximum and minimum) 
* Rainfall 
• Evaporation 
• Mortalities 
• Pond Depth 
* Water Inflow and Overflow 

There will be at least three intensive samplirig periods for each experiment: (1) during the 
second week; (2) midway through the experiment; and (3) during the final week. Whole 
column samples collected at mid-morning should be used unless specified otherwise. The 
variables to be observed are: 

• Total Kjeldahl Nitrogen 
* Ammonia Nitrogen 
• Total Phosphorous 
• Secchi Disk Visibility 
* Chlorophyll a 
• Dark Bottle Respiration
 
" Total Suspended Solids
 
• Total Volatile Solids
 
" Total Alkalinity (3 depths: top, middle, bottom)
 
• Primary Productivity 

Diel studies will be conducted simultaneously with the intensive sampling measurements in 
order to measure spatial and temporal fluctuations within a pond. Samples for diel studies 
will be collected at dawn, 1000, 1400, 1600, 1800, and 2300 hours, and at dawn the next 
day at a minimum of two depths, but preferably at three depths. The exact time of sample
collection in the diel studies should be recorded. The three sampling depths will be 25 cm 
below the water surface, mid-depth, and 25 cm above the pond bottom. The parameters to 
be measured during the diel studies are: 

" Dissolved Oxygen 
- Temperature 
• pH 
• Wind (cumulative between sampling times)
• Solar Radiation (cumulative between sampling times) 
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Information about the fish and shrimp used in the experiments should be recorded as
follows: 

- Stocking 
* Total Number 
* Total Biomass 
• Individual Weights (of 10% sample)
* Indiviual Lengths (of 10% sample) 

- Monthly Sampling
* ToLn Number in Sample
* Total Biomass of Sample

" Individual Weights

* Individual Lengths
• Reproduction Weight 

- Harvest 
* Total Number of Stocked Fish Remaining
• Total Biomass of Stocked Fish
* Individual Weights (10% sample of stocked fish)* Individual Lengths (10% sample of stocked fish)
* Total Number of Recruits 
" Total Biomass of Recruits 

The following pond soil characteristics are to be determined at the beginning and end of
each experiment: 

" pH
• Phosphorus 
* Organic Matter 
* Total Nitrogen
* Cation Exchange Capacity
* Metals - Aluminum, Iron, Zinc (only when the pond is first used)
• Lime Requirement 
* Exchangeable Hydrogen
* Base Saturation 

Pond morphology is to be measured when the ponds are first constructed and wheneverpond morphology is altered significantly. Measurements to be taken are: 

* Surface Area (at 10 cm depth contours)
" Volume (at 10 cm depth contours)
• Drawing, top view, with scale 
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The composition of lime, inorganic, and organic fertilizers is to be determined when
supplies are delivered and, for organic materials, just before they are totally used up, but 
not less frequently than once a month. Characteristics to be determined are: 

* Percent Dry Matter 
• Nitrogen 
* Phosphorus 
* Chemical Oxygen Demand 
* Lime Neutralization Value (for lime only) 

The quantities of lime and other amendments must be carefully recorded whenever they are 
added to the ponds. 

Reference ponds are to be established and operated at each station starting the second year
of this work plan. 

OPTIONAL MEASUREMENTS 

CRSP projects may collect any data, in addition to those data specified under RequiredMeasurements, which they deem appropriate for a particular study. The methods specified
in the Summary of Accepted Analytical Methods (Section 3,page 44) or in the appendices
(Section 4, page 53) should be used. If a method for a particular parameter is not specifiedin Section 3, a method from StandardMethods (APHA et al., 1985) should be usedwhenever possible and the Materials and Methods Subcommittee of the CRSP Technical
Committee should be informed. If problems are encountered while using the acceptedmethod for a particular application, the Materials and Methods Subcommittee should be
contacted. If optional measurements are made and researchers wish to have the dataincluded in the data templates, the Data Base Manager (at the Program Management Office,
Oregon State University) should be contacted. 

DATA SUBMISSION 

All data should be submitted to the CRSP Database Manager on either Lotus 1-2-3® or
Microsoft Excel®worksheets, following the formats and procedures in the most recent
CRSP Instructionsfor DataEntry. Data and accompanying text for the CRSP DataReportsseries should be submitted to the CRSP Program Management Office within six months ofharvest ofeach study. Please contact the Data Base Manager with questions regarding
verification of data. The Data Base Manager will print the verified data for publication in
DataReports unless other arrangements are made in advance. 
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REPORT SUBMISSION
 

Introduction: 

CRSP researchers are aware of the difficulties in compiling the results of the variousexperiments described in this Work Plan into a single, cohesive DataReport for each site.In response to these concerns, the requirements for submitting text to DataReports havechanged. The studies detailed in the biennial Work Plans fit the ResearchReports formatbetter than the DataReports format; consequently, researchers will be required to submit atechnical report (text and figures) in the form of a ResearchReport to the Program
Management Office (see below). 
 DataReports will serve the following purposes: toprotect researchers' data from unauthorized publication and use, to compile all standardizeddata for use in the Global Experiment and in other analyses, and to document whereprocedures actually used in experiments have diverged from those described in the Work
Plans. 

Instructions for Submission of Reports: 

1. A technical report for each experiment (each study) is due six months after theexperiment ends. Technical reports should be submitted in one of the following formats: 

a) As a ResearchReport, with the understanding that the manuscript will be reviewed,

edited, and printed as a short (4-8 pages) report; or
b) As a Notice ofPublicationunder the ResearchReports series. 
 Notices ofPublication are reserved for those articles that have been or will be published in arefereed journal. Authors who wish to use this format for technical reports shouldsubmit a copy of a manuscript which is "under review" by a journal, together with acover letter. It is recommended that authors contact the CRSP Director to discuss
whether this is an option. 

2. Principal Investigators are also responsible for submitting a DataReport for each set of
studies. 
 For example, there should be one DataReport for Rwanda, one for Thailand, andone for Honduras for the studies described in each biennial Work Plan. The text will beconfined to a "Materials and Methods" section, which should be used to describe how thematerials or methods used during the studies diverged from those specified in the WorkPlan. Text for DataReports is due three months after the end of the latest experiment(study) described in the Work Plan. For example, text for the Rwanda DataReportshouldbe submitted three months after Study 4 ends, and should include a "Materials andMethods" section for all studies completed during the course of this Work Plan. 

Should difficulties in completing the Work Plan on schedule arise, please advise theDirector so that an alternate reporting format can be arranged. 
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AFRICA-RWANDA PROJECT 

Cooperating Institutions: 

National University of Rwanda
 
Dr. Evariste Karangwa
 
Mr. Eugene Rurangwa
 

CIFAD (Oregon State University) - Lead Institution
 
Mr. Wayne Seim
 

° 

A .- I-.___ YTT_ *-- '
 

Lir. i iumas -'opma
Ms. Karen Veverica 

CIFAD (University of Arkansas at Pine Bluff)

Dr. Carole Engle
 

Pond Systems: Cool freshwater ponds typical of higher elevations. 

INTRODUCTION 

The choice of objectives and experimental designs proposed for the Fifth Work Plan of the 
Rwandan component of the CRSP are based on four general considerations: 

1. In Rwanda, as in many high elevation regions of the developing world, potential
nutrient inputs for aquaculture are limited. Physical and economic isolation reduces
the availability of chemical fertilizers, supplemental feeds, and adequate quantities
of animal manures. Consequently, during the Fourth Work Plan of the Rwanda
project, grasses and similar vegetation were used as the principal nutrient input forstudies on pond dynamics and fish production. Factors evaluated were: a) method
of compost preparation; b) benefits of adding chicken manure, urea, or inorganicphosphorus to compost or to compost-enriched ponds; c) weekly loading rates; and
d) method of applying compost to ponds (confined vs broadcast). Two importantrelated variables not evaluated during the Fourth Work Plan were fish density and
composting regime (constant composting rate throughout the cycle versus an initialhigh rate to accelerate plankton production followed by proportionally reduced 
weekly rates). 

11 A i , I_ 

ir~Veis signaicanuy lower man ttfose observed elsewhere. Other biological 
characteristics of tilapia make it an appropriate culture fish for isolated regions with 
aI"w..uatiy a mbtUle upper elevation limits tor profitable tilapia culture. For
example, at what temperature does tilapia culture become an inefficient use ofresources? In enriched ponds, is reduced growth of tilapia at cool temperatures due 
more to the reduced productivity of natural food organisms or to the decreased
ability of tilapia to efficiently utilize the available food supply? Is appetite, growth,
and food conversion efficiency of tilapia more a function of average water 
temperature or of maximum or minimum daily extremes? There are 3,000 rural fish
ponds in Rwanda at altitudes ranging from 1,300 to 2,500 meters. They, along 
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with available laboratory facilities, present a unique opportunity to answer such
temperature-related questions. 

3. In any region, enterprise budgets for aquacultural practices and alternativeagricultural activities are necessary to evaluate the most appropriate allocation ofresources. These data are especially important for aquacultural developmentprograms when cool temperatures and scarce nutrient inputs limit fish yields fromponds. Tilapia farmers in Rwanda are pleased with annual fish yields of 1,000 to2,000 kg/ha, but an integrated economic analysis could help determine whether fishculture is the best use of the limited resources. 

4. In many developing countries, the principal source of food for fish is naturallyoccurring organisms in enriched ponds. Previous studies suggest that the energycontent on these natural foods is insufficient for the optimum utilization of theavailable protein for fish growth. Supplementary feeding with high-energyfeedstuffs, which are less expensive than high-protein feedstuffs, could improveprotein utilization efficiency. Data on the relative abundance of digestible proteinand energy in organisms cultured under different enrichment regimes is needed forthe selection of the best feeds or agricultural by-products for supplementing natural
foods. 

There are eight studies planned for Rwanda in the Fifth Work Plan (Figure 1). The goal ofthese studies is to more fully understand the factors affecting pond dynamics and fishgrowth under climatic conditions considered marginal for tilapia production, using thelimited nutrient inputs available to most potential producers in economically depressed
regions. 



00 

Figure 1. Schedule for Data Collection in Rwanda during the Fifth Work Plan. 

1989 1990Study Title 1991Site Sep Oct NovDec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 

Study 1.Effects of Fish Density and Rwasave 
Nutrient Loading Frequency 

Study 2. On-Farm Studies - Various 
Characterization of Farms 

Study 3. On-Farm Studies - Effects Various 
of Elevation 

Study 4. On-Farm Studies - Various 

Supplemental Feeding 

Study 5. Effects of Diel Temperature Arkansas 
Fluctuations on Growth 

Study 6. Digestibility of Natural Rwasave 
Food Organisms 

Study 7. Balancing Protein/Energy Rwasave
 
Ratios of Natural Food
 

Study 8. Economic Analysis of Various **********************
 
Aquaculture Production Systems
 



RWANDA STUDY 1: EFFECTS OF FISH DENSITY AND 

Ohiective. Tn iptprm;,,, A . ... , .. . .. 
- ....- . . mtA Ij'~...L U,.,, UlatVeu'ponos in nigtianCi Afrca. 

Sigaificance: This study will provide information on the fish densities needed to producemaximum yields of marketable fish. Also, in Rwanda, plankton blooms generally requireseveral months to develop when a constant rate of fertilization with compost is added.Initial heavy nutrient loading may provoke a more rapid increase in primary productionwhich could lead to greater fish yields. 

Experimental Design: Three fish densities x two composting schedules. Three replicates. 
Pond facilities: Eighteen ponds at the Rwasave Station, each with a surface area of 700 square meters and a depth of 60-100 cm. 

Culture Period: 5 months. 

Fish stockina rate: Advanced juveniles of Oreochromisniloticus (both sexes) at densities 
of 0.5, 1, and 2 fish/m 2. 

Nutrient inputs: Two application regimes with equal total quantities of compost during theproduction cycle: 1) constant weekly loading at 500 kg/ha (dry weight basis); 2) heavyinitial load equivalent to 30% of total (3000 kg/ha), followed by proportionally reduced
weekly loads (370 kg/ha). 

Water management: Replace evaporation and seepage losses weekly. 

Samplingschedules: As per standard protocol. 

Null 	Hypotheses:
1. Higher fish densities have no effect on total fish yield, average final weight or pond

dynamics.2. 	Initial heavy loading of compost will not accelerate plankton blooms or increase fish
production. 

Statistical methods: Two-way ANOVA. 

Schedule: Data collection, 11/89 - 4/90; technical report, 9/90. 
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RWANDA STUDY 2: ON-FARM STUDIES-CHARACTERIZATION OF FARMS 

Objective: To characterize rural fish ponds at four elevation levels between 1,200 and2,300 m ASLs on the basis of soil and water chemistry nd willingness of the owners to 
cooperate. 

Significance: In order for more detailed on-farm studies to be conducted, baseline
information on farms must be collected. 

Pond facilities: In coordination with the National Fisheries Extension Service of Rwanda,
50 to 100 private rural fish ponds, with surface areas of 200 to 800 m2 and average depths
of approximately 1 m, will be examined. 

Fish stocking rate: Species cultured, densities, and size will be documented. 

Nutrient inputs: Type of nutrient and rate of application will be documented. 

Water management: Currently used practices will be documented. 

Sampling schedule: Once per pond.
Physical parameters: 

- Soil: texture and temnerature at 60-cm depth in unsaturated soils. 
- Water Source: temperature, volume available (L/s).
- Pond water: temperature. 
- Pond morphology: surface area, depth, shade. 
- Elevation (m ASL). 
- Climate (monthly averages): air temperature (max-min), evaporation,

rainfall, and solar radiation. 
Chemical parameters: 

- Water source and pond water: all chemical parameters listed under 
standard protocol for intensive sampling.Biological parameters (from last two production cycles): 

- Fish sizes and numbers. 
- Yield. 

Operational & sociological parameters: 
- Pond management practices. 
- Extension agent's opinion of farmer's competency and dedication. 
- Farmer's expressed willingness to participate in studies. 

Data analyses: Compilation and cross-tabulation. 

Schedule: Coordination with Fishery Extension Service to begin in 8/89. Data collection, 
3/90 - 6/90; technical report, 8/90. 
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RWANDA STUDY 3: ON-FARM STUDIES-THE EFFECTS OF ELEVATION 

Objective: To quantify the effects of elevation on pond dynamics and fish growth in ponds
enriched with a standardized compost regime.

Sjoificance: 
This study will lead to a better understanding of the elevation at which the 
culture of 0. niloticus becomes inappropriate. 

Experimental design: Five elevations. Replicated five times. 
Pond facilities: Five ponds at each elevation range: 1300-1400 m (ASL), 1500-1600 m,
1700 m (Rwasave Station), 1800-2000 m, and 2100-2300 m. 
Culture Period: At least 5 months, continuing until fish reach an average weight of 150 g. 
Fish stocking rate: Juvenile 0. niloticus (both sexes) at 1 fish/m 2 .
 
Nutrientinputs: Fresh green grass of a genus common to all sites at 500 kg/ha/wk (dry
weight basis) plus 8 kg/ha/wk N as urea and TSP to give total N:P ratio of 4:1. Lime maybe added at specific sites to standardize conditions. 
Water management: Replace evaporation and seepage losses weekly. 
sampling chedule: As per standard protocol except as noted.

Physical parameters:


- Max-min water temperature, water depth, color, and Secchi disk

visibility: weekly.


- Temperature of unsaturated soil at a depth of 60 cm: three times.- Continuous recording of water temperature over weekly periods in at
least one pond per elevatior range.

Chemical parameters:


- No diurnal, primary productivity, respiration, or soil measurements.

Biological parameters: 

- Fish weight: three times. 
- Stomach samples: 15 fish/pond are to be collected duringmonth 5 at 1500-1700 hours. Analyze for dry matter, volatile
 
matter, and Kjeldahl-N.
 

Null Hpotheses:
1. Elevation has no effect on fish yield.2. There is no relationship between tilapia growth and the productivity of natural food

organisms. 

Statistical methods: One-way ANOVA and linear regression. 
Schedule: Data collection, rural ponds, 7/90-5/91; Rwasave, 7/90-1/91. Technical reports
8/91. 



RWANDA STUDY 4: ON-FARM STUDIES-SUPPLEMENTAL FEEDING 

Objective: To determine to what extent the addition of supplemental feedstuffs to enriched(compested) ponds changes the effect of elevation on pond dynamics and fish growth. 

Significance: This study will provide an indication of the benefits of supplemental feed at
higher elevations. 

Experimental design: Five elevations. Five replicates. 

Pond facilities: Five ponds at each elevation range: 1300-1400 m (ASL), 1500-1600 m,
1700 m (Rwasave Station), 1800-2000 m, and 2100-2300 m. 
Culture Period: At least 5 months, continuing until fish reach an average weight of 100 g. 

Fish stocking rate: Juvenile 0. niloticus (both sexes) at 1fish/m 2 . 

Nutrient inputs: Fresh grass plus N + P, as in Study 3,plus a rice bran or commercial
poultry ration at 2% of average body weight daily. 

Water management: Replace evaporation and seepage weekly. 

Sampling schedule: As per standard protocol except as noted. 
Physical parameters: 

- Max-min water temperature, water depth, color, and Secchi disk 
visibility: weekly. 

- Temperature of unsaturated soil at depth of 60 cm: three times. 
- Continuous recording of water temperature over weekly periods in at

least one pond per elevation range.
Chemical parameters: 

- No diurnal, primary productivity, respiration, or soil measurements. 
Biological parameters: 

- Fish weight: three times. 
- Stomach samples: 15 fish/pond are to be collected during month 5 at1500-1700 hours. Analyze for dry matter, volatile matter, and
Kjeldahl N. 

Null Hypotheses:
1. Elevation has no effect on the growth of tilapia.
2. Supplemental feed will not improve fish growth. 

Statisticalmethods: One-way ANOVA, two-way ANOVA (combining data from Study 3),
linear and multiple regression. 

Schedule: The stocking of ponds for this study will begin 5/91 and will be completed
during the next work plan. 
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RWANDA STUDY 5: EFFECTS OF DIEL TEMPERATURE FLUCTUATION 
ON GROWTH 

Objective: To evaluate, under laboratory conditions, the effect of temperature on the feedintake, growth, and feed conversion efficiency of tilapia. 

Significance: This study will help determine if maximum water temperature is more criticalthan average temperatures. This could have great impact on pond management anddetermination of appropriate regimes for supplemental feeding practices for high elevation
fish ponds. 

Experimental design: Four constant temperatures and two cyclic temperature regimes.

Three replicates.
 

Pond Facilities: Eighteen aquaria at the University of Arkansas-Pine Bluff aquatic
laboratory. 

Culture period: Four weeks plus an acclimation period of two weeks. 

Fish stocking rate: Juvenile 0. niloticusat a standing stock of 10 g/L. 
Nutrient inputs: Floating catfish feed of appropriate size. Satiation feeding for 15 minutes,2 times daily. Feed consumption per meal is to be determined by removing uneaten feed,
and drying and weighing it. 

Water management: Constant aeration and water flow sufficient to exchange water twotimes a day. Water inflow is suspended during feeding. Water temperatures are to beeither constant or fluctuate in a diel pattern to simulate natural temperature fluctuations. Theconstant water temperature regimes will be 16'C, 20'C, 24oC, and 28°C. The cyclic
regimes will be 16 to 24°C with a daily average of 20'C and 20 to 28°C with daily average

of 24'C.
 

Sampling schedule:
 
Physical parameters: water temperature: at least 3 times daily.
Chemical pacameters: dissolved oxygen, pH, ammonia: initially, daily.
Biological parameters:
 

- Fish mortality and weight of carcass: daily.

- Total fish weight and number: biweekly.
 

This study will investigate:
1. Whether maximum water temperature is a better indicator of the temperature limitation


of tilapia growth than average temperature.
2. Whether appetite of tilapia is directly correlated with temperature.3. Maximum water temperature and average temperature are equivalent indicators of the
temperature limitations for tilapia growth. 

Statistical methods: ANOVA and linear regression. 

Schedule: Data collection, 11/90 - 3/91, depending on supplementary funding. Technical 
report, 8/91. 
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RWANDA STUDY 6: DIGESTIBILITY OF NATURAL FOOD ORGANISMS 

Objective: To determine the digestibility of the protein and energy in natural foodorganisms ingested by tilapia in ponds that are enriched by selected inorganic and organic
fertilizers. 

Significance: Information on the relative abundance of crude protein and digestible energyin the natural foods consumed by tilapia in enriched ponds would be useful for the selection
of supplemental feeds. 

Experimental design: Six nutrient input regimes. Two replicates. 

Pond facilities: 12 ponds at the Rwasave Station, each with a surface area of 700 m2 and
average depth of approximately 1m. The 'edible leaves' treatment will use floating cages

placed in ponds with low natural productivity.
 

Culture period: Eight weeks. 

Fish stocking rate: 25 kg per pond (350 kg/ha) of advanced juvenile and young adult male
0. niloticus . 

Nutrient inputs: Six nutrient input regimes as follows: 1)Chemical fertilizer at arecommended rate; 2) Chicken manure at 500 kg/ha/wk; 3) Swine manure at 500 kg/ha/wk;4) Fresh grass and N + P at recommended rates; and 5) Fresh edible leaves of two plant
species. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedtule: Standard protocols except as noted. 
Chemical parameters: 

- Feces and stomach contents: ash-free dry matter, Kjeldahl
nitrogen, gross energy by bomb calorimetry, and Chromogen "indicator" 
by spectrophotometry after acetone extraction. 

- Fish carcasses: dry matter, crude protein, and lipids.
Biological parameters: 

- Feces and stomach content samples from 80 fish from each pond after weeks six andeight. For each pond and each sampling date, combine individual samples to form
two composite samples of feces and two of stomach contents.
 - Determine relative abundance of food groups by microscopic


examination from subsamples of the fresh composite samples
 
- Net fish yield after 8 weeks.
 

Null Hypothesis: The energy/protein ratio of the natural food ingested by tilapia is notdifferent from 11 kcal of digestible energy per gram of digestible crude protein. 

Statistical Methods: t test. 

Schedule: Data collection, 7/90 - 11/90; technical report, 2/91. 
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RWANDA STUDY 7: BALANCING PROTEIN/ENERGY RATIOS 
OF NATURAL FOODS 

Objective: To test the conclusions from the digestibility studies regarding the proteinenergy balance of natural foods in enriched ponds by comparing the growth of tilapia inmanured ponds receiving different levels of supplemental dietary digestible energy. 
Significance: If this study substantiates the benefits of supplemental dietary energy, theenergy-rich commercial feeds formulated for warm-blooded animals (these are generallyavailable in developing countries whereas specifically formulated fish feeds are not), mayhave considerable potential as supplementary feeds. 
Experimental design: Six control ponds plus three levels of supplemental energy (0.75,
1.5, and 3.0 kcal DE/m 2/d). Four replicates. 
Pond facilities: Eighteen ponds at the Rwasave Station, each with a surface area of 700 m2 

and an average depth of approximately 1 m. 

Cultureperiod: Five months. 

Fish stocking rate: Juvenile 0. niloticus (both sexes) at 1 fish/m 2 . 
Nutient inputs: All ponds will be fertilized with the enrichment regime from Study 6 thatis demonstrated to be the most energy deficient. The source of supplemental energy shouldhave a very low protein content, such as cassava meal which has been treated to improvepalatability. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: As per standard protocol. 
Null Hypothesis: Adding supplemental digestible energy has no effect on fish growth. 

Statistical methods: One-way ANOVA. 

Schedule: Data collection, 1/91 - 7/91; technical report, 10/91. 
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RWANDA STUDY 8: ECONOMIC ANALYSIS OF AQUACULTURAL 
PRODUCTION TECHNOLOGIES 

Objective: To estimate costs and benefits for different aquacultural production technologies
practiced in Rwanda. 

Significance: Fish culture is a relatively new production enterprise in Rwanda. Many fishponds are located at elevations often considered outside the feasible range for profitable
tilapia culture, yet many farmers continue to raise fish. This study should provideindications of how fish culture compares to traditional crops from an economic perspective.It will further indicate some of the economic trade-offs between fish culture and traditional
agricultural enterprises in Rwanda. 

Data collection: Secondary data will be collected in Rwanda from previous surveys
(including the Enquete Nacional Agricole and current World Bank and GTZ projects) onthe levels of resources (land, labor, capital, fertilizer materials) commonly available on -Rwandan farms. Data on fish yields and costs will be obtained from farm records collectedby the Rwandan National Fish Culture Project based in Kigembe. A follow-up survey offish farmers will document other crops being produced, land utilization, labor availability,
and constraints to production. 

Hypothesis: Fish culture yields are as beneficial to Rwandan farmers as other agricultural
enterprises in terms of animal protein production for home consumption and supplementad
income. 

Analytical Methods: Enterprise budget analysis will be used to estimate costs and returns
of the aquaculture production technologies that have been and are being developed forRwanda. Net returns from fish culture will be compared to net returns from beanproduction and other crops for which sufficient information is available. The analysis ofnet returns will include consideration of a farmer's need for stable yields and risk-reducing
strategies. 

Schedule: Data collection and economic analysis, 7/89 - 2/90; technical report, 4/90. 

Remarks: This study and analysis will be implemented by the University of Arkansas atPine Bluff and is funded by a subcontract with Oregon State University. This economicanalysis is complemented by another AID-funded study on the sociological impact of fish
culture in Rwanda. 
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CENTRAL AMERICA-HONDURAS PROJECT 

Cooperating Institutions: 

Honduras Ministry of Natural Resources
 
Marco Ivan Rodriguez
 

Auburn University - Lead Institution
 
Dr. Claude Boyd

Dr. Bryan Duncan
 
Dr. David Teichert-Ciddington
 
Mr. Bart Green
 

CIFAD (University of Hawaii)

Dr. James Szyper
 
Dr. Kevin Hopkins
 

Pond Systems: Tropical freshwater and brackish water ponds. 

INTRODUCTION 

The proposed research activities in Honduras during the Fifth Work Plan focus on theexamination and refinement of management procedures that can potentially increase fishyields. Management procedures that will be examined are stocking density, supplementalfeeding, temperature effects on fry production and sex-reversal, and supplemental aeration. 
Most of the research activities will be conducted at the freshwater station at El Carao. Therecent installation of automated data logging and control systems at the El Carao station willenable much more thorough monitoring of spatial and temporal fluctuations in water quality
than previously possible. 

Six studies are planned for the Fifth Work Plan (Figure 2). The goal of these studies is toincrease in fish yields through improved management practices. 
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Figure 2. Schedule for Data Collection in Honduras during the Fifth Work Plan. 

1989 
 1990 
 1991
 
Study Title Site Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee Jan Feb Mar Apr May Jun Jul 

Study 1. Supplemental Feed/Manure El Carao ****** 

Combinations 

Study 2. Tilapia - Tambaqui El Carao 
Polyculture Studies 

Study 3. Temperature Effects on El Carao ****************************** Fry Production 

Study 4. Factors Affecting Tilapia El Carao ***** **** 
Sex Reversal 

Study 5. Maintenance of Minimum El Carao 
Dissolved Oxygen Concentrations 

Study 6. Supplemental Feeding - El Carao 
Effects of Fish Density 



HONDURAS STUDY 1: 	 SUPPLEMENTAL FEED/MANURE
 
COMBINATIONS
 

Objective: To determine the effects of various combinations of feeding and fertilizationwith chicken manure on fish production and water quality. 

Significance: Data from this study will provide information which will contribute to theeffort to determine the optimum input levels of chicken litter and supplemental feeds. 

Experimental design: Four treatments. Three replicates.
- Chicken litter applied at 1000 kg total solids/ha/wk.- Chicken litter during the first month at 1000 kg/ha/wk, followed by feed only at 3%

body weight/day.
- Chicken litter during the first 2 months at 1000 kg/ha/wk followed by feed only at 3%

body weight/day.
- Chicken litter during the first 3 months at 1000 kg/wk/wk followed by feed only at 3%

body weight/day. 

Pond facilities: El Carao, 	twelve 1000 m2 ponds, 0.75 m deep. 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticusfingerlings at 1 fish/m 2 and guapote tigre

(Cichlasomamanaguense) at 0.05 fish/m 2
 .
 
Nutrientinputs: 
Chicken litter at 1000 kg/ha/wk and a commercial feed at 3% body
weight/d depending on the treatment.
 

Water management: Replace evaporation and seepage losses after 5 cm loss. 

Sampling schedule: Standard protocols except as noted.
 
Physical parameters:
 

- Diel measurements: monthly.
 
Chemical parameters:
- Ammonia-N, total phosphorus, soluble reactive phosphorus, Kjeldahl-N, N0 3-N,


suspended solids, and volatile solids: 
 weekly.
- Diel measurements: monthly.

Biological parameters: 
- Z )oplankton and chlorophyll a: 2 ponds/treatment/wk.

Data loggers: 
- Monitor all ponds at 30-minute intervals using column sampler.
- Monitor pH, temperature, and dissolved oxygen. 

Null Hypothesis: Comparable yields will be obtained using either chicken litter or acombination of chicken litter followed by feed. 

Statistical methods: ANOVA. 

Schedule: Data collection, 	7/89 - 12/89, technical report, 6/90. 
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HONDURAS STUDY 2: TILAPIA- TAMBAQUI (Colossomamacropomwon) 
POLYCULTURE STUDIES 

Objectives: 1) To determine growth and yield of tambaqui in polyculture with tilapia undervarious combinations of chicken litter and supplemental feed; 2) To determine the effect ofsupplementing chicken litter with nitrogen applications as urea on primary productivity and
fish yield; 3) To quantify the development of benthic respiration in ponds fertilized withchicken litter, and chicken litter plus N supplement; and 4) To measure the effects of pond
renovation on pond seepage. 

Sigznificance: Polyculture with tambaqui could increase fish yield and enterprise income.
Also nitrogen supplementation of chicken litter may significantly increase fish yield. 

Experimental design: Four treatments. Three replicates. 
- Chicken litter at 750 kg/ha/wk. 
- Chicken litter at 750 kg/ha/wk plus nitrogen at 10 kg/ha/wk.
- Chicken litter at 1000 kg/ha/wk for 2 months followed by supplemental feed (20

25% protein at 3% body weight per day. 
- Chicken litter at 500 kg/ha/wk plus supplemental feed (20-25% protein) at 1.5% body

weight per day. 

Pond facilities: El Carao, twelve newly renovated ponds, 0.1-ha, 1.0 m deep.
 

Culture period: 135 days.
 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 10,000 fish/ha, 500 guapote
 
tigre (Cichlasomamanaguense)/ha, and 5,000 tambaqui (Colossomamacropomum) /ha.
 
Nutrient inputs: Chicken litter at 500, 750, or 1000 kg/ha/wk; nitrogen at 10 kg/ha/wk.
 

Water management: Replace evaporation and seepage after 5 cm loss.
 

Sampling schedules: Standard protocols except as noted; measurements in ponds from

chicken litter only and chicken litter plus nitrogen treatments only.

Physical parameters:
 

- Diel measurements: every 3 weeks at 4 h intervals in 2 ponds from each treatment.
 
Chemical parameters:
 

- Ammonia-N, total solids and total volatile solids: 
 2x/wk.

- Kjeldahl-N, total phosphorus and soluble reactive phosphorus: lx/wk.

- Diel measurements: every 3 weeks at 4 h intervals. 

Biological parameters: 
- Chlorophyll a, Secchi disk visibility: 2x/wk. 
- Zooplankton: lx/wk.
- In-situ benthic respiration and dark-bottle respiration: every 3 weeks in 2 ponds from 

each treatment. 
- Diel measurements: every 3 weeks at 4 h intervals in 2 ponds from each treatment. 

Null Hypotheses: Tambaqui yield will be similar for all management strategies. Nitrogen
supplementation of chicken litter will not increase primary productivity or fish yield, oraffect benthic respiration. Pond seepage will be unaffected by pond renovation. 

Statistical methods: ANOVA, multiple regression. 

Schedule: Data collection, 2/90 - 6/90, technical report, 12/90. 
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HONDURAS STUDY 3: 	 TEMPERATURE EFFECTS ON TILAPIA
 
FRY PRODUCTION
 

Obiective: To determine the effectb of temperature on the production of tilapia fry that areless than 15 mm in total length. 

Significance: Fry production during winter months is reduced. This study will provideinformation for developing 	management practices that can provide a year-round supply of15-mm fry for sex-reversal. 

Experimental design: Two sets of ponds stocked simultaneously, harvested either 17 or 20days later. Restocking 10 days after each harvest. 

Pond facilities: El Carao, four ponds, 500 M 2,0.75 m deep. 

Culture period: 18 months. 

Fish stocking rate: Tilapia 	(0. niloticus)breedersat 0.75 fish/m 2; 2 females/1 male. 
Nutrientinputs: Chicken litter at 1000 kg/ha upon filling the pond. Commercial pelletedfeed for broodstock at 3% body weight/d, 5 d/wk. 
Water management: Drain at either 17 or 20 days, refill within 1 to 3 days. 

Sampling schedules: 
Physical parameters:

- Air and water temperatures (maximum and minimum): 6 d/wk.
Biological parameters: 

- Harvest ponds at either 17 or 20 days after stocking.
- Note number and size distribution of fry collected at harvest. 

Null Hypothesis: The time period required for fry production is the same year-round. 

Statistical methods: Paired t test, regression analysis. 

Schedule: Data collection 1/89 - 4/90, technical report, 10/90. 
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HONDURAS STUDY 4: FACTORS AFFECTING TILAPIA SEX-REVERSAL 

Objectives: To evaluate the effects of treatment duration, fry density, and temperature on
the efficacy of sex-reversal.
 
Significance: Availability of sex-reversed tilapia on a year-round basis could lead to
 
substantially increased fish yields. 

Experimental design: 3 x 2 factorial: stocking density x length of treatment period. 

Pond facilities: El Carao, six 1M2 hapa nets for treatment and twelve 2 m2 hapa nets for 
grow-out to 10-15 g in a 2000 m2 pond. 

Culture period: One year, with 21-day and 28-day treatment cycles. New experimental
cycles initiated every six weeks. 

Fish stocking rate: 2000, 4000 and 6000 0. niloticus fry/m 2 during treatment; 150 fish/m 2 
during grow-out. 

Nutrient inputs: Treated feed (60 mg testosterone/kg feed) at 20% body weight/d
decreasing to 10% body weight/d during treatment. Commercial feed at 5 to 10% body

weight/d during grow-out.
 

Water management: Replace evaporation and seepage losses after 5 cm loss. 

Sampling schedules: 
Physical parameters: 

- Air and water temperatures (maximum and minimum): 6 d/wk.
Biological parameters: 

- Size and count tilapia before and after treatment. 
- Size, count, determine the sex ratio of tilapia after treatment. 
- Chlorophyll a in treatment pond: weekly. 

Null Hypotheses:
1. Temperature has no effect on success of sex-reversal.
2. Treatment duration has no effect on the success of sex-reversal. 

Statistical methods: Chi-square, ANOVA, regression. 

Schedule: Data collection 3/89 - 4/90, technical report, 10/90. 

22
 



HONDURAS STUDY 5: 	 MAINTENANCE OF MINIMUM DISSOLVED
 
OXYGEN CONCENTRATIONS
 

Objectives: To quantify the effects of aeration on tilapia growth, primary productivity, andwater quality in heavily manured systems. 
Significance: In heavily manured systems, the positive effects of adding additionalnutrients can be offset by the increased oxygen demand of the manure. Aeration shouldminimize negative effects and increase yields. 

Experimental design: Three treatments. Three replicates.
 
- No aeration.
 
- Minimum allowable dissolved oxygen = 10% saturation.
 - Minimum allowable dissolved oxygen = 50% saturation.
 

Pond facilities: El Carao, nine ponds, 1000 m2 , 0.75 m deep. Aerators controlled by datalogger will be installed in six ponds. Aerators will be turned on whenever bottomdissolved oxygen concentrations drop below the allowable minimum. 

Culture period: Five months. 

Fishstocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m2 and guapote tigre
(Cichlasomamanaguense)at 0.05 fish/m 2
 .
 
Nutrient inputs: Best chicken litter/feed combination from Honduras Study 1.
 
Water management: Replace evaporation and seepage losses after 5 cm loss. 
Sampling schedule: Standard protocols except as noted.

Physical parameters:
 

- Diel measurements: 4 times per wk.
 
Chemical parameters:


- Ammonia-N, total phosphorus, soluble reactive phosphorus, Kjeldahl-N, N0 3-N,
suspended solids and volatile solids: 2 ponds/treatment/wk.

- Diel measurements: 4 times per wk. 

Biological parameters: 
- Zooplankton and chlorophyll a: 2 ponds/treatment, twice weekly.

Data loggers: 
- Monitor all ponds at 1-hr intervals using column sampler.- Monitor pH, temperature, and dissolved oxygen. 

Null Hypotheses:
1. Aeration will not increase fish growth, survival, or primary productivity.2. Minimum dissolved oxygen levels have no correlation with fish yields. 

Statistical methods: ANOVA, regression. 

Schedule: Data collection, 	7/90 - 12/90; technical report, 6/91. 
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HONDURAS STUDY 6: SUPPLEMENTAL FEEDING-EFFECTS OF 
FISH DENSITY 

Objective: To determine the effects of fish density on yield and water quality in ponds
receiving the best nutrient input regime identified during earlier experiments.
 

Significrince: More efficient use of nutrient inputs and primary productivity may be
possible with higher stocking rates. However, higher stocking densities often yield smallerfish. Manipulation of stocking densities may allow fish farmers to direct their production

to markets with different size preferences.
 

Experimental design: Four stocking densities. Three replicates. 

Pond facilities: El Carao, twelve 1000 m2 ponds, 0.75 m deep 

Cultureperiod: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 0.5 fish/m 2 , 1fish/m 2, 2
 
fish/m 2, and 3 fish/m 2 with guapote tigre (Cichlasomamanaguense) at 0.05 fish/m 2
 

Nutrient inputs: Best input regime identified from earlier studies. 

Water management: Replace evaporation and seepage losses after 5 cm loss. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Diel measurements: twice weekly.
Chemical parameters: 

- Ammonia-N, total phosphorus, soluble reactive phosphorus, Kjeldahl-N, N0 3-N,
suspended solids, and volatile solids: 2 ponds/treatment/wk. 

- Diel measurements: twice weekly.
Biological parameters: 

- Zooplankton and chlorophyll a: 2 ponds/treatment/wk.
Data loggers: 

- Monitor all ponds at 1-hr intervals using column sampler. 
- Monitor pH, temperature, and dissolved oxygen. 

Null Hypotheses: 
1. Density will have no affect on fish yield.
2. Density will have no effect on fish size. 
3. Density will have no effect on primary productivity. 

Statistical methods: ANOVA. 

Schedule: Data collection, 1/91 - 6/9 1, technical report, 12/91. 
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ASIA-THAILAND PROJECT 

Cooperating Institutions: 

National Inland Fisheries Institute
 
Dr. Kitjar Jaiyen
 

Asian Institute of Technology
 
Dr. Peter Edwards
 

CIFAD (University of Michigan) - Lead Institution
 
Dr. James S. Diana
 
Dr. C. Kwei Lin
 

CIFAD (Michigan State University)

Dr. Cal D. McNabb
 
Dr. Ted R. Batterson
 
Dr. Chris Knud-Hansen
 

CIFAD (University of Hawaii)

Dr. Kevin Hopkins

Dr. James Szyper
 

Pond System: Freshwater tropical ponds typical of lower elevations. 

Experiments conducted under the first four CRSP work plans have addressed therelationships of fertilizer input to yield of fish--primarily tilapia--and shrimp understandardized conditions. These relationships have been tentatively quantified. In addition,some work on nutrient balancing, pond depth, and stocking density has been conducted.During the Fifth Work Plan, work on the management of fertilized ponds used for tilapiamonoculture will be completed; work will start on polyculture and supplemental feeding,and the conclusions from the standardized experiments will be subjected to field verification 
at a variety of sites in Thailand. 

The continuing research on fish farm management and its effects on the dynamics of tilapiaponds will examine the effects of pond size, stocking density, nutrient balancing,polyculture, supplemental feeding, circulation, and aeration. Additionally, a bioassaysystem will be developed for the practical determination of limiting nutrients in fish ponds.Eleven studies are planned with two or more studies being conducted simultaneously
(Figure 3). 

The two goals of the Thailand Project during the Fifth Work Plan are: 

1. To improve our understanding of the effects of management practices on the
dynamics of fertilized tilapia ponds in tropical climates, and
2. To develop fertilization guidelines for tilapia ponds in Thailand. 
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__________________________________________________ 

Figure 3. Schedule for Data Collection in Thailand during the Fifth Work Plan. 

Study Title 

Study 1. Effects of Density and 
Fertilization on Tilapia Reproduction 

Study 2. Nutrient Cycling -
Organic Carbon 

Study 3. Tilapia/Clarias 
Polyculture 

Study 4. Nutrient Cycl :- -
Nitrogen and Phosphorus 

Study 5. Effects of Circulation 
in Deep Ponds - Wet Season 

Study 6. Effects of Circulation 
in Deep Ponds - Dry Season 

Study 7. Nutrient Cycling - Use
of Bioassays 

Study 8. Supplemental Feeding 
in Fertilized Ponds 

Study 9. Effects of Pond Size 

Study 10. Maintenance of Minimum 
Dissolved Oxygen Concentrations 

Study 11. On-Farm Studies -Verificationof CRSPResults 

1989 1990 1991Site Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 

Bangsai
 

Bangsai
 

Bangsai
 

Bangsai
 

AIT *
 

AIT 

AIT 

AIT 

A1T
 

AIT 

Various 



THAILAND STUDY 1: EFFECTS OF DENSITY AND FERTILIZATION 
ON TILAPIA REPRODUCTION 

Objective: To increase our understanding of how stocking density and resource availabilityaffect the age of first maturation and extent of reproduction of tilapia.
 
Significance: By better understanding the factors that affect tilapia reproduction,
management of environmental factors may be used to delay maturation and minimize

unwanted reproduction.
 

Experimental design: 2 x 2 factorial with two stocking densities and two fertilization rates. 

Pond faciliies: Bangsai, Sixteen 220 m2 ponds, 1 m deep (at stadia). 

Culture period: Twenty weeks. 

Fish stocking rate: 0. niloticusfingerlings (both sexes). Eight ponds at 1 fish/m 2 and

eight ponds at 3.14 fish/m 2
 . 

Nutrient inputs: Eight ponds at 50 kg chicken manure/haywk and eight at 250 kg chickenmanure/ha/wk. All ponds supplemented with urea to bring total nitrogen:phosphorus ratio 
to 5:1. 

Water management: Replacement of evaporation and seepage losses weekly. 

Sampling schedule: Standard protocol except as noted.
 
Physical parameters:
 

- Intensive measurements: every 2 wks.
 
- Diel measurements: every 6 wks.
 

Chemical parameters:
 
- Intensive measurements: every 2 wks.
 - N0 2-N, NO3 -N, and soluble reactive phosphorus: every 2 wks.
 
- Diel measurements: every 6 wks.
 
- Proximate analysis of chicken manure: 
 weekly.

Biological parameters: 
- Fish sampling for growth: every 3 wks. Remove 5% of population at each sampling


for gonad samples. Evaluate state of maturity.

- Zooplankton sampling: every 3 wks.
 
- Intensive measurements: every 2 wks.
 
- Light-dark bottle productivity: every 2 wks.
 

Null Hypotheses: Stocking density and fertilization rate do not influence the timing ofmaturation, first reproduction, or final fish size. 

Statistical methods: Two-way ANOVA with pairwise comparisons between treatments,correlation and regression to describe within-treatment variation. 

Schedule: Data collection, 4 - 9/89; technical report, 3/90 
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THAILAND STUDY 2: NUTRIENT BALANCE-ORGANIC CARBON 

Objective: To quantify the relationships between growth, yield, and the rates associated
with processes linking manure and the carbon cycle. 

Significance: This study will lead to a greater understanding of the requirement for organiccarbon in fertilized ponds. This understanding could lead to improved fertilizationguidelines which more efficiently utilize manure and minimize low oxygen concentrations 
associated with high manure loads. 

Experimental design: Five manure levels. Three replicates. 

Pond facilities: Bangsai, fifteen 220 m2 ponds, 1 m deep (at stadia). 

Cultureperiod: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m 2 .
 

Nutrient inputs: 
 Chicken manure will be added at five levels: 25 kg/ha/wk; 50 kg/ha/wk;100 kgha/wk; 200 kg/ha/wk; and 400 kg/ha/wk. The manure will be supplemented withurea and TSP to bring the loading rates of total nitrogen and total phosphorus to a 5:1 ratio. 

Water management: Replace evaporation and seepage losses weekly. 

Larnpling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N0 2-N, NO3-N, and soluble reactive phosphorus: every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Null Hypotheses:
1. Fish yield will be the same regardless of the loading rates used.2. Average dissolved oxygen concentrations will not be affected by manure loading rates. 

Statistical methods: ANOVA, regression. 

Schedule: Data collection, 10/89 - 3/90; technical report, 8/90. 
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THAILAND STUDY 3: TILAPIA AND CLARIAS POLYCULTURE 

Objective: To collect baseline information on simple polyculture systems and refinehypotheses regarding pond dynamics in these systems. 

Sinificance: Development of polyculture systems appropriate to local conditions couldlead to substantially increased yields. 

Experimental desin: Randomized block, three treatments. Four replicates.
- Clariasin cages in ponds, tilapia at large in the pond, supplemental feed given to the 

Clariasonly.
- Clariasand tilapia at large in ponds with supplemental feed for the Clariasonly.- Clariasand tilapia at large in fertilized ponds without any supplemental feed. 

Pond facilities: Bangsai, twelve 220 m2 ponds, 1m deep (at stadia). Four 2m x 2m x Im 
cages will be placed in the each pond in the treatment using cages. 

Cultureprigd: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m2 . Clarias
macrocephalusfingerlings will be stocked in cages at 25 fish/m 3 and 50 fish/m 3 . In eachpond with cages, two cages will be stocked at the high density and two cages at the low
density. 

Nutrientinputs: In the fertilized ponds, 250 kg/ha/wk of chicken manure supplementedwith urea and TSP to bring total nitrogen input to 35 kg/ha/wk and total phosphorus inputto 7 kg/ha/wk. A commercial Clariasfeed will be used as the supplemental feed. Thefeeding rate will start at 10% body weight per day and decrease to 3% body weight per day
by the end of the study. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N0 2-N, NO3-N, and soluble reactive phosphorus: every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Null Hypotheses:
1. Culture of tilapia and Clariastogether will not increase total yield.2. Stocking density in cages will not affect the growth of Clarias. 

Statistical methods: ANOVA. 

Schedule: Data collection, 4/90 - 9/90; technical report, 2/91. 
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THAILAND STUDY 4: NUTRIENT BALANCE-NITROGEN & PHOSPHORUS 

Objective: To quantify the relationships between growth, yield, and the rates associatedwith processes linking manure and the cycling of nitrogen and phosphorus. 

Significance: This study will lead to greater understanding of the requirement for nitrogenin fertilized ponds. This understanding could lead to improved fertilization guidelines
which more efficiently utilize manure and enhance fish production. 

Experimental design: Four total nitrogen levels. Three replicates. 

Pond facilities: Bangsai, twelve 220 m2 ponds, 1m deep (at stadia). 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m 2 . 

Nutrient inputs: Chicken manure will be added at the optimum level identified in Study 2.The manure will be supplemented with urea to bring the total nitrogen loading rates to 35kg/ha/wk, 70 kg/ha/wk, 105 kg/ha/wk and 140 kg/ha/wk. TSP will be added to maintain
the ratio of total nitrogen to total phosphorus at 5: 1. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N0 2-N, N0 3-N, and soluble reactive phosphorus: every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Null Hypotheses:
1. Fish yields are not affected by nitrogen loading rates.
2. Ammonia-N levels are not affected by light limitation.
3. Ammonia-N levels are not affected by nitrogen loading rates. 

Statistical methods: ANOVA, regression. 

Schedule: Data collection, 10/90 - 3/91; technical report, 8/9 1. 
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THAILAND STUDY 5: EFFECTS OF CIRCULATION IN DEEP PONDS-

WET SEASON
 

Objectives: 
 To determine if the increased fish yield resulting from proportional increases inpond depth, fish numbers, and nutriem inputs observed in a dry season experiment willoccur during the rainy season. To determine the effects of circulation within deep ponds onfish yield, water quality, and system efficiency during the wet season. 

Significance: The management techniques under study have the potential for substantiallyincreasing yields per unit area. 

Experimental design: Five treatments (0.9 m deep without fish; 0.9 m with fish; 1.6 mwithout fish; 1.6 m with fish; and 1.6 m with fish and circulation). Three replicates.

Circulators will be operated continuously.
 

Pond facilities: AIT, CRSP ponds 1-9 (1.6 m deep at stadia, 474 M3) and CRSP ponds

11-16 (0.9 m deep, 298 M3). All ponds are 382 M2 .
 

Culture period: Four months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2.56 fish/m3 (equivalent to 2
fish/m 2 in the 0.9 m deep ponds). 
 The 1.6 m deep ponds will receive 1216 fish/pond andthe 0.9 m ponds will receive 764 fish/pond. 

Nuti i: All ponds will be fertilized with chicken manure at 32 g/m3/wksupplemented with urea and triple super phosphate to bring total nitrogen input to 4.5
g/m/wk and total phosphorus input to 0.90 g/m3/wk. 
 These rates are equivalent to 250kg/ha/wk of manure, 35 kg/ha/wk of N and 7 kg/ha/wk of P in the 0.9 m ponds. 
Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted.
 
Physical parameters:
 

- Intensive measurements: every 2 wks.
 
Chemical parameters:
 

- Intensive measurements: every 2 wks.
 
- N0 2-N, N0 3-N, and soluble reactive phosphorus: every 2 wks.


Biological parameters: 
- Intensive measurements: every 2 wks. 

Data loggers: 
- Monitor pH, temperature, and dissolved oxygen.- Two depths, 8 ponds/wk. At least 2 ponds/wk for deep treatments.- Sampling periods will last 48 h with samples at 30-min intervals. 

Null Hypotheses:
1. Circulation will not affect fish yields or water quality.2. Proportional increases in pond depth, fish number, lnd nutrients will not affect yield. 

Statistical methods: ANOVA, linear regression. 

Schedule: Data collection, 8/89 - 11/89; technical report, 6/90. 
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THAILAND STUDY 6: EFFECTS OF CIRCULATION IN DEEP PONDS-
DRY SEASON 

Objective: To determine the effects of circulation in deep ponds on fish yield, water 

quality, and system efficiency during the dry season. 

Sienificance: Circulation has the potential for increasing fish yield. 

Experimental design: Three treatments (0.9 m deep, 1.6 m deep, and 1.6 m deep with 
circulation). Three replicates. 

Pond facilities: AIT, CRSP Ponds 1 - 6 (1.6 m deep at stadia, 474 m3) and ponds 11-12 
(0.9 m deep, 298 M3 ). All ponds are 382 M2 . Circulators will be operated continuously. 
Culture period: Five months. 

- ..... ................ ,,, ,,,M Z.JU kequivaient to L
. ,. W-. ,,,, L INSI/nm-fish/m 2 in 0.9 m deep ponds). The 1.6 m deep ponds will receive 1216 fish/pond and the
0.9 m ponds will receive 764 fish/pond. 

Nutrient inputs: All ponds will be fertilized with chicken manure at 32 g/m 3/wksupplemented with urea and triple superphosphate to bring total nitrogen input to 4.5g/m3/wk and total phosphorus input to 0.90 g/m3/wk. These rates are equivalent to 250kg/ha/wk of manure, 35 kg/ha/wk of nitrogen and 7 kg/ha/wk of phosphorus in the 0.9 m
ponds. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N0 2-N, N0 3-N, and soluble reactive phosphorus: every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Data loggers: 
- Monitor pH, temperature, and dissolved oxygen. 
- Two depths, 8 ponds/wk. 
- Sampling periods will last 48 h with samples at 30-min intervals. 

Null Hypothesis: Circulation will not affect fish yields or water quality. 

Statistical methods: ANOVA. 

ocnecaume: uata collection, 1/9) - 6/90; technical report 9/90. 
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THAILAND STUDY 7: NUTRIENT CYCLING-USE OF BIOASSAYS 

Objective: To evaluate nutrient bioassays as indicators of limiting nutrients in fish ponds. 
Significance: Development of a simple and accurate bioassay technique for fertilization thatcould be used by farmers to improve utilization efficiencies of nutrient inputs resulting inhigher fish yields. 

Experimental design: Five incremental levels of nitrogen and five levels of phosphorus willbe added to water samples from 10 ponds fertilizcd at five different N:P ratios. 
Pond facilities: AIT, Ponds 11-20 (1.0 m deep at stadia, 394 m2/pond). 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m 2 . 
Nutrientinputs: All ponds to be fertilized with chicken manure at 100 kg/ha/wk withsufficient urea added for a total nitrogen inpu" of 0.6 g/m2/day. Total phosphorus inputwill be regulated with TSP so duplicate ponds will be fertilized at N:P ratios of 3:1, 5:1,7:1, 9:1 and 11:1. 

Water management: Replace evaporation and set-page losses weekly. 

Sampling schedule: Standard protocols except as noted.
 
Physical parameters:
 

- Intensive measurements: every 2 wks.
 
Chemical parameters:
 

- Intensive measurements: every 2 wks.
 - N0 2-N, N0 3-N, and soluble reactive phosphorus: every 2 wks.

Biological parameters: 

- Intensive measurements: every 2 wks.- Daily bioassay for one week per month by adding incremental amounts of nitrogen andphosphorus to water samples from each pond. After 3 days of incubation atambient temperature and light, compare algal growth visually and with a turbiditymeter. Turbidity will be correlated with chlorophyll a concentrations to provideestimates of algal productivity. 

Null Hypotheses:1. Daily bioassay results will not correlate with temporal changes in nutrient limitation.2. Fish yields and primary pmoductivities will not be affected by different N:P input ratios. 
Statistical methods: ANG VA and correlation analysis. 

Schedule: Data collecticn, 1/90 - 6/90, technical report, 1/91. 
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THAILAND STUDY 8: SUPPLEMENTAL FEEDING IN FERTILIZED PONDS 

Objectives:
1. To assess the contribution of natural and supplemental foods to growth.2. To evaluate the economic feasibility of supplemental feeding. 

Significance: Supplemental feeding may lead to larger harvest size and greater yields and 
marketability. 

Experimental desi n: Three treatments. Three replicates.
- Chicken manure with nitrogen and phosphorus supplements.
 
- Feed only.
 
- Chicken manure, nitrogen, and phosphorus supplements, and feed.
 

Pond facilities: AIT, CRSP ponds 11-19 (1m deep at stadia, 394 m2/pond). 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m2 . 
Nutrient inputs: Fertilization rate of 250 kg/ha/wk of chicken manure, supplemented withurea and TSP to bring total nitrogen input to 35 kg/ha/wk and total phosphorus input to 7kg/ha/wk. Satiation feeding with commercial feed. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N0 2-N, NO3-N, and soluble reactive phosphorus: every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Null Hypothesis: Supplemental feed will not affect fish growth or yield. 

Statistical methods: ANOVA. 

Schedule: Data collection, 7/90 - 12/90, technical report, 6/91. 
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THAILAND STUDY 9: EFFECTS OF POND SIZE 

Obiective: To determine the relationships of pond size to fish yield, management practices,
and system efficiency. 

LL1 uynwin.;S u iarger ponds. Also, economies of scale can be evaluated. 

Pond facilities: AIT; three 200 m2 ponds; three 394 m2 ponds selected from CRSP ponds11-20; three 800 m2 ponds and three 1600 m2 ponds. All ponds 1m deep (at stadia). Thethree 394 m2 ponds also will be used as the unaerated treatment in Study 10. 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m 2 . 
Nutrient inputs: 250 kg/ha/wk of chicken manure, supplemented with urea and TSP tobring total nitrogen input to 35 kg/ha/wk and total phosphorus input to 7 kg/ha/wk. 
Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N0 2-N, N0 3-N, and soluble reactive phosphorus: every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Null Hypothesis: Pond size does not affect yield or efficiency per unit area. 

Statistical methods: ANOVA. 

Schedule: Data collection, 1/91 - 6/91; technical report 8/91. 
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THAILAND STUDY 10: MAINTENANCE OF MINIMUM DISSOLVED 
OXYGEN CONCENTRATIONS 

Objectives: To quantify the effects of aeration on tilapia growth, primary productivity, and 
water quality in fertilized systems. 

Significance: In heavily fertilized systems, the positive effects of adding additional
nutrients can be offset by the increased oxygen demand of the plankton. Aeration should 
minimize these adverse effects and increase yields. 

Experimental design: Three treatments. Three replicates.
 
- No aeration.
 
- Minimum allowable dissolved oxygen = 10% saturation.
 
- Minimum allowable dissolved oxygen = 50% saturation.
 

Pond facilities: AIT, CRSP ponds 11 - 18 (1.0 m deep at stadia, 394 m2 each). The three 
ponds in the unaerated treatment will be used as the 394 m2 treatment in Study 9. Aerators
controlled by data logger will be installed in six ponds. Aerators will be turned on

whenever bottom dissolved oxygen concentrations drop below the specified minimum.
 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m 2. 

Nutrient inputs: 250 kg/ha/wk of chicken manure, supplemented with urea and TSP to
bring total nitrogen input to 35 kg/ha/wk and total phosphorus input to 7 kg/ha/wk. 

Water management: Replace evaporation and seepage losses weekly. 

Sampling schedule: Standard protocols except as noted. 
Physical parameters: 

- Intensive measurements: every 2 wks. 
Chemical parameters: 

- Intensive measurements: every 2 wks. 
- N02-N, NO3-N, and soluble reactive phosphorus every 2 wks. 

Biological parameters: 
- Intensive measurements: every 2 wks. 

Data loggers: 
- Monitor all aerated ponds and two unaerated ponds at 30-min intervals at 2 depths.
- Monitor pH, temperature, and dissolved oxygen. 

Null Hypotheses:
1. Aeration will not increase fish growth, survival, or primary

productivity.
2. Minimum dissolved oxygen levels have no correlation with fish yields. 

Statistical methods: ANOVA, regression. 

Schedule: Data collection, 1/91 - 6/91; technical report, 8/91. 
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THAILAND STUDY 11: ON-FARM STUDIES-
VERIFICATION OF CRSP RESULTS 

Objective: To determine the applicability of results obtained under controlled conditions to
field conditions. 

Significance: Before results from CRSP studies can be disseminated to the public, theseresults must be tested under field conditions to ensure that farmers will have similar results. 
Experimental design: Twenty farms will use a specified stocking and fertilization schemebased on previous studies which were conducted at research stations. The on-farm resultswill be compared against results from the earlier CRSP studies. 

Pond facilities: Twenty private farms selected with the assistance of the Royal Thai
Department of Fisheries. 

Culture period: Five months. 

Fish stocking rate: Sex-reversed 0. niloticus fingerlings at 2 fish/m2 . 

Nutrient inputs: Recommended rate from earlier CRSP studies. 

Water management: Standard farm practice. 

Samplingschedule: 
Physical parameters:
 

- Pond morphology: at start of study.

- Water temperature and Secchi disk: every two wks.
 

Chemical parameters:

- Dissolved oxygen, pH, alkalinity, and ammonia-N: every 2 wks.
- Proximate analysis of inputs: 3 times during the study.

Biological parameters:
 
- Fish measurements: 
 beginning and end of experiment.

Operational parameters: 
- Source of nutrients and rate of nutrient addition: every two wks. 

Null Hypothesis: The same inputs will produce the same field yield in both farmers' ponds
and at research stations. 

Statistical mCthods: ANOVA and multiple regression. 

Schedule: Data collection, 9/90 - 6/91; technical report, 8/91. 

Note: This study is contingent upon the availability of additional funds. 
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DATA ANALYSIS AND SYNTHESIS TEAM 

University of California at Davis
 
Dr. Raul Piedrahita
 

University of Michigan

Dr. Bill Chang
 

Oregon State University
 
Dr. James Lannan
 

The Pond Dynamics/Aquaculture CRSP is different from most other aquaculture researchefforts because the field experiments are conducted at several geographic locations usingstandardized sampling protocols. This has made possible the collection and compilation of a comprehensive set of data from similar experiments at a variety of sites into a singlecomputerized database. The database is one of the important products of the CRSP as it isa unique source of information for the study of aquaculture ponds. 

Analysis of the data collected in the CRSP is carried out at two levels. The first level ofanalysis is carried out by the principal investigators and field researchers responsible foreach of the field experiments. The second level of analysis is carried out by the DataAnalysis and Synthesis Team (DAST). At the second level, data from the various sites areanalyzed for ecological relationships and global trends by statistical analysis. Computermodels are developed and calibrated using CRSP data. The results from the statisticalanalyses and models may be used for the development of management practices, to identifypossible areas for future field research, and to propose production guidelines that
incorporate CRSP findings. 

Four studies are proposed by the DAST for The Fifth Work Plan (Figure 4). The goals of
these studies are: 

1. To determine the numerical relationships between variables and the critical rate processes required for predicting responses of pond production systems; 

2. To develop computer models that can be used to examine paradigms of pond
dynamics, to propose management actions for field testing, and to identify topics
deserving further research; and 

3. To develop methods and tools for disseminating pond management guidelines based 
on CRSP research findings. 
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Figure 4. Schedule of Activities and Reports of the Data Analysis and Synthesis Team during the Fifth Work Plan. 

1989 
 1990 
 1991

Study Title Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jui Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

Study 1.Data Analysis 
- Influence of Climate on Growth and Yield ******* ******************************** 
- Fish Growth and Density
 
- Anabolism and Catabolism Coefficients
 
- Fish Growth, Environment and Nutrients ******************** ******************** 

Study 2. Ecosystem Model 
- Initial report 
- Subsequent reports 

Study 3. Dissolved Oxygen Model 
- Phytoplankton Condition 
- Dissolved Oxygen Management, initial report 
- Subsequent reports 

Study 4. Fertilization Guidelines 
- Functional Classification of Ponds 
- Quantitative Relationships of Fish Yield 
- The Expert System 
- Fertilization Manual, first edition 
- Verification of Manual Guidelines 



DAST STUDY 1: DATA ANALYSIS 

During the Fifth Work Plan, statistical analyses and numerical modeling will continue to beused to test ecological and growth relationships and determine rate processes important inunderstanding pond limnology, fish growth, and production. In addition, the value ofcoefficients for use in a production model similar in structure to the Ursin model will beestimated. This model integrates variables important to fish growth and evaluates the extent
of effects of variables such as size and density on growth. 

Obiecfives: 

1. To understand the influence of global elements (e.g., climate) on growth and yield
in warmwater fish ponds;

2. 	 To estimate the numerical relationships between fish growth, environmental
 
conditions and nutrient inputs;


3. 	 To quantify the relationship between fish growth and stocking density and other
factors that lead to reduced fish growth; and

4. 	To determine the anabolism and catabolism coefficients of the Ursin model. 

Methods: A range of statistical techniques will be used to attain the specified objectives.These techniques include analysis of variance, regression, multiple regression, correlationanalyses, logistic analyses, and principle component analysis. Mainframe statisticalpackages such as SAS and MIDAS will be used in addition to statistical packages onmicrocomputers. The primary source of data for these analyses will be data collectedduring the first three work plans although data from the Fourth Work Plan will be included 
as they become available. 

Schedule for Completion of Analyses: 

- Influence of global factors on fish yield - 9/90 
- Relationships of fish growth, environment, & nutrients - 8/90 
- Relationship of fish growth and density - 9/90 
- Anabolism & catabolism coefficients - 9/90 
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DAST STUDY 2: ECOSYSTEM MODEL
 

An ecosystem model has been developed and tested against data collected during the firstthree work plans. The model is used to simulate state variables (dissolved oxygen,ammonia, nitrate, nitrite, inorganic phosphorus, phytoplankton, fish, etc.) over a dielcycle. Data available for testing the model have been limited due to the frequency ofobservations and schedules used in the first three work plans. Changes implemented
during the Fourth Work Plan have resulted in more complete data sets which can be used
for model verification and identification of areas requiring additional research. 

Objectives: 

1. To identify general topics requiring further field research;
2. To develop specific hypotheses for possible field testing; and
3. To develop pond management guidelines based on model results. 

Methods: Results from the existing model will be compared to data collected during theFourth Work Plan. Discrepancies between the model simulations and the data will be used 
to identify general areas of the model where the proposed functional relationships
(equations) do not produce results that match field measurements. These discrepancies willbe used as an indicator of areas requiring additional research. The model will also be usedto test pond response to hypothetical situations and investigate possible management
actions. Results of these simulations will be translated into hypotheses for possible field 

ucvcup g nerai guiaeiines ior pon management. 

Lux %a.,. . , VCI M,,IX. 11e m-si report o1is study will be completed in 3/90 with
subsequent reports due every six months thereafter. 
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DAST STUDY 3: DISSOLVED OXYGEN MODEL 

Results obtained from the models of diel dissolved oxygen have indicated the need for anindicator of phytoplankton condition. In current CRSP dissolved oxygen models, theresponse of phytoplankton to nutrient concentrations, light intensity and temperature are
based on production functions developed from limnological studies. The CRSP modelshave served to identify errors in some of the assumptions behind these productionfunctions. An indicator of phytoplankton "condition" will be developed to improve the accuracy of simulation of primary production in aquaculture ponds. 

Objectives: 

1. To develop techniques for field evaluation of phytoplankton "condition"; and 
2. To develop techniques for oxygen management. 

Methods: Using dissolved oxygen models, phytoplankton growth parameters will be
estimated such that dissolved oxygen production rates match measured oxygenconcentrations. Night measurements of dissolved oxygen will be used to obtain estimatesof whole pond respiration. Using measurements oflight intensity, chlorophyll a, andestimated phytoplankton growth rates, an efficiency value will be calculated that describesthe relative efficiency of light utilization by algae. Changes in this efficiency value will 
serve as indicators of shifts in algal condition. 

Work will continue on studying the possible changes in dissolved oxygen concentration as a result of management actions such as water level control and fertilization. Thesesimulations will be used to propose oxygen management techniques. 

Schedule: First phytoplankton condition report - 3/90. First report on oxygen
management - 6/90. Subsequent oxygen management reports at six-month intervals. 
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SUMMARY OF ACCEPTED ANALYTICAL METHODS 

Parameter Procedure Instrumentation Analytical Method Reporting Unit 

Fish/Shrimp Length, 
Individual 

From a representative 10% 
subsample of the grab sample, 
determine total length of each 
individual and express as mean 
length per individual. 

cm 

Fish/Shrimp 
Production 

Fish and shrimp stocks will be 
weighed as a group and counted at 
stocking and harvest. Tilapia will be 
sexed individually. Compute gross 
and net production. 

kg and # 

Fish/Shrimp Weight, 
Group 

At 30-day intervals throughout each 
experimental cycle, collect grab 
sample equivalents to 10% of initial 
stock from each pond and weigh as a 
group. Indicate number of 
individuals in sample. Note 
observations on reproduction and fish 
health. 

kg/#, individual 

F-ish/Shrimp Weight, 
Individual 

From a representative 10% 
subsample of the grab sample, 
determine weight of each individual 
and express as weight per individual. 



SUMMARY OF ACCEPTED ANALYTICAL METHODS
 

Parameter Procedure Instrumentation Analytical Method Reporting Unit 

Chlorophyll a 
(corrected and 
uncorrected) 

Collect one sample per pond by 
pooling three 90 cm column samples. 
Take samples with diel studies. 

Acetone extraction and 
Spectrophotometric 
Determination, from 
"Standard Methods" 
(APHA et al., 1985) 

mg/m3 

Dark Bottle Respiration - see Respiration, Dark Bottle 

Depth, Pond Install staff gauge in each pond and 
read to nearest 0.5 cm at same time 
each day, before restoring to 
specified depth. 

No type specified. m 

Dissolved Oxygen - see Oxygen, Dissolved 

Evaporation and 
Inflow 

Surface Inflow/Outflow and 
Evaporation should be determined 
using procedures described in 
Appendix F of CRSP Work Plan III, 
1985, (Wood, J.W. 1974. Diseases 
of Pacific Salmon: Their Prevention 
and Treatment. pp 71-77) or 
comparable approaches. 

mm/d 
(evaporation); 

m3/d 
(infiltration) 

Feed Composition See Analytical Methods Report various 



Parameter 

Air Temperature 

Alkalinity 

•P6 
4-

Ammonia 

Benthos 
Composition 

SUMMARY OF ACCEPTED ANALYTICAL METHODS
 

Procedure 

- see Temperature, Air 

Near center of each pond, take 
readings at 25 cm below the water 
surface, midwater and 25 cm above 
the bottom. Keep samples cool in 
refrigeration unit or ice chest, and 
analyze within 24 hours. 

Collect one sample (by pooling three 
90 cm column samples) from each 
pond. Samples should be 
refrigerated and analyzed within 24 
hours. 

Collect at least three cores of mud per 
pond. Process samples through a 
No. 30 sieve, sort organisms and fix 
in 10% formalin or a 70% ethanol 
solution. Identitfy at the order level 
or lower. Count number of 
organisms per unit volume or area. 

Reporting Unit 

mg CaCO3/L 

mg/L 

various 

Chemical Oxygen Demand - see Oxygen, Chemical Demand. 

Instrumentation 

Hach Digital Titrator 
Test Kit/Alkalinity 
(optional). 

Kontes or comparable 
Kjeldahl nitrogen 
apparatus. See 
Nitrogen, Kjeldahl 
Apparatus 

Analytical Method 

Low or Standard Alkalinity 
method (as appropriate) 
(from "Standard Methods," 
APHA et al., 1985), or 
Hach Test Kit 

Nesslerization Method 
(Michigan State University 
Limnological Research 
Laboratory, 1984). 



DAST STUDY 4: FERTILIZATION GUIDELINES 

One of the goals of the CRSP is to translate research findings into guidelines for managingaquaculture ponds under different environmental and production regimes. Consistent withthis goal, the CRSP intends to prepare a manual of pond fertilization for optimizing yieldsand increasing the reliability and efficiency of pond systems. This manual will be preparedin two forms: a printed handbook and a computer application. The manual will addressthree audiences: aquacultural producers, development planners, and aquaculture scientists.The manual will contain an ecological classification of ponds, functional relationshipsbetween ecological variables and fertilization practices, and recommended fertilizationpractices for each classification. 

Obiectives: 

1. To complete the development of a functional system for classifying ponds accordingto ecological variables and fertilization practices that have the highest probability ofimproving fish yields;2. To develop quantitative relationships that describe the appropriate levels andfrequencies of fertilization for each pond category;3. To integrate the classification model and functional relationships into an expert
system;

4. To compile the organized information into a manual of farm fertilization guidelines(only for internal project use at this stage); and5. To verify the guidelines contained in the manual.
 
Methods: 
 Pond environments will be ordered into a hierarchical classification according tofertilization practices corresponding to each combination of climate and chemical andphysical characteristics of the source water and pond soils. Quantitative relationships fromDAST Study 1 which relate fish yields and nutrient inputs will be used with deterministic
models (DAST Studies 2 and 3)to calculate required nutrient additions. A database on
nutrient availability of different fertilizers will be compiled from the agricultural literature.
Laboratory analyses of fertilizers will be conducted when adequate information on nutrient
availability is not available from the literature. 

The existing shell of the expert system program for pond classification that was completedin the Fourth Work Plan, will be modified by incorporating the new fertilization guidelines.Versions of the program will be written to run on either IBM-compatible or AppleMacintosh personal computers. 

Based on the completed expert system, an initial version of a manual for pond fertilizationwill be compiled. The first version of the manual will then be verified using field datacollected during the Fourth Work Plan. 

Schedule: 
- Functional classification system - 1/90
- Quantitative relationships estimated 4/90-
- Expert system operational - 6/90
 
- First edition of manual - 8/90
 
- Verification complete - 8/91
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SUMMARY OF ACCEPTED ANALYTICAL METHODS
 

Parameter 

Flow, Water 

Morphometric
Characteristics: 
Maximum Length, 
Maximum Width, 
Area, Depth, 
Volume 

Nitrogen 
Total Kjeldahl 

Oxygen, Chemical 
Demand 

Oxygen, Dissolved 

Procedure 

See Evaporation and Inflow 

At project initiation and whenever
pond facilities are altered, prepare 
contour maps of ponds at 10 cm 
intervals. Note inflow and outflow 
locations. 

For each pond, pool three 90 cm 
column samples. Composite samples 
should be refrigerated and analyzed 
within 24 hours. 

Please refer to the appendices from 
Work Plans III & IV, attached. 
(methods from: "Standard Methods for 

Analytical Method 

Semi-Micro-Kjeldahl Method 
(Michigan State University 
Limnological Research 
Laboratory, 1984) 

Winkler or lodometric 
method (from "Standard 
Methods," APHA et al., 1985) 

Reporting Unit 

m, m2, m3,(as appropriate) 

mg/L 

mg/L 

the Examination of Water and 
Wastewater," APHA et al., 1985). 

Near center of each pond at 25 cm 
below water surface, mid-water and 
25 cm above the bottom. Take 
readings as part of diel study at seven 
different times beginning with 
pre-dawn. 

Instrumentation 

Kontes or comparable 
Kjeldahl Nitrogen 
apparatus 

Yellow Springs 
Instrument Model 57 
Dissolved Oxygen 
Meter. Calibrate meter 
each time using the 
Winkler Method or 
HACH Digital Titrator 
Kit/Dissolved Oxygen. 



SUMMARY OF ACCEPTED ANALYTICAL METHODS 

Parameter Procedure Instrumentation Analytical Method Reporting Unit 

pH, Water Near center of each pond, take pH Meter with pH units 
readings at 25 cm below the water Combination
 
surface, mid-water, and 25 cm above Electrode comparable

the bottom. If a probe is used, 
 to Orion 2000 Series
 
calibrate using a precision with Ross Model
 
thermometer. Calibrate meter with 
 81-55 Electrode.
 
standard buffers at pH 7 and pH 10.
 

Phosphorus, Total Collect one sample (by pooling three Persulfate Digestion and mg/L
90 cm samples) from each pond. Ascorbic Acid/Colorimetric
Samples should be refrigerated and Method, from "Standardanalyzed within 24 hours. Methods" (APHA et al., 1985) 

Phytoplankton Monthly and when changes in the various
Composition community are observed, collect 

samples using a Van Dom or
 
Kemmerer bottle. Use a compound
 
microscope and references to identify
 
to appropriate taxonomic level and
 
count or estimate bio-volume. 

Primary Productivity Whole pond method preferred. Light
dark bottle at three depths acceptable. 

Pond Depth - see Depth, Pond 



SUMMARY OF ACCEPTED ANALYTICAL METHODS
 

Parameter Procedure Instrumentation Analytical Method Reporting Unit 

Pond Soil Characteristics - see Soil Characteristics 

Pond Temperature - see Temperature, Water 

Precipitation - see Rainfall 

Rainfall 

Respiration, 
Dark Bottle 

Install three rain gauges at study site; 
read and empty at 24-hour intervals, 
or more frequently to prevent gauge 
overflow; report average of three 
readings. 

Collect one sample (by pooling three 
90 cm column samples) from each 
pond. Incubate for four hours hours 
or as appropriate to prevent oxygen
depletion, in dark bottles suspended 
at mid-depth in ponds. 

No type specified. 
Recommended gauge 
from Grassroot Co., 
Wisconsin. 

Oxygen method, adapted 
from "Standard Methods" 
(APHA et al., 1985). 

cm/d 

mg C/m3/d 

Salinity Near center of each pond, collect a 
500-ml sample at 25 cm below the 
water surface, mid-water, and 25 cm 
above the bottom. Mix the samples 
and analyze. 

Use a temperature-
compensated 
refractometer or a 
salinity meter. 

ppt 

Secchi Disk Visibility - See Visibility, Secchi Disk 



SUMMARY OF ACCEPTED ANALYTICAL METHODS 

Parameter Procedure Instrumentation Analytical Method Reporting Unit 

Seepage Determine seepage from a 24-hour 
water balance, preferably when there 
is no rainfall, inflow, or outflow: 

Seepage = Evap x 0.10 
(Final Depth - Initial Depth), 

where Evap is in mm/d and the 
depth measurements are in cm and 
and taken 24 hours apart. 

cm/d 

Soil, Characteristics: 
pH, Phosphorus, 
Organic Matter, Total 
Nitrogen, Cation 
Exchange Capacity, 
Metals (Aluminum, 
Iron, Zinc), Lime 
Requirement, 
Exchangeable H, Base 
Saturation 

At the end of an experiment and 
before beginning another, collect 
twelve 15 cm core samples from each 
pond, combine and dry as described 
in Appendix D of Work Plan III 
(attached). Take a subsample for 
each pond and analyze using a 
qualified local or U.S. laboratory. 

As appropriate 

Solar Radiation Install Solar Monitor and Quantum 
Sensor and read the cummulative 
radiation each day and at end of 
each time interval during diel study. 

E/m2 
E/m2/d 

Solids, Total 
Suspended 

See Appendices In: "Standard Methods" 
(APHA et a., 1985) 

mg/L 



SUMMARY OF ACCEPTED ANALYTICAL METHODS
 

Parameter Procedure 

Solids, Volatile See Appendices 
Suspended 

Temperature, Air Install three maximum-minimum 
thermometers in the shade near 
ponds; read at 24-hour intervals and 
report average maximum and average 
minimum. 

Temperature, Water 	 Near center of each pond, take 
readings at 25 cm below the water 
surface, midwater, and 25 cm above 
the bottom. Take readings as part of 
diel study at 7 different times. If 
probe is used, calibrate using a 
precision thermometer. 

Total Kjeldahl Nitrogen - see Nitrogen, Total Kjeldahl 

Total Phosphorus - see Phosphorus, Total 

Total Volatile Solids - see Solids, Volatile Suspended 

Instrumentation Analytical Method Reporting Unit 

In: "Standard Methods" 
(APHA et al., 1985) 

mg/L 

Maximum-minimum 
thermometer 
comparable to Taylor 
Model 5460. 

MaxC; MiC 

YSI Model 57 
Dissolved Oxygen 
Meter with 
Temperature 
Indicator. 

OC 



SUMMARY OF ACCEPTED ANALYTICAL METHODS 

Parameter Procedure Instrumentation Analytical Method Reporting Unit 

Wind Speed Install totalizing anemometer, read at 
24 hour intervals (between 0800 and 
0900 hours), and calculate average 
hourly wind speed. 

Totalizing anemometer 
comparable to 
WEATHERtronics 
Model 2510. The 

km/h 

instrument should be 
located in the pond 
complex 2m above the 
level of the pond banks. 

Visibility, Secchi Disk At two locations in each pond, 
calculate Secchi Disk Visibility using
procedure described by Lind (1974). 

cm 

Zooplankton 

Composition 

Monthly and when changes in the 
community are observed, collect at 
least three 90 cm column samples per 
pond or use trap or zooplankton net, 
as appropriate. Use a microscope to 
identify at the order level and count 
number of organisms per uniit volume. 

No./m3 



APPENDICES 

Appendix D from Work Plan Ml
 

Appendix F from Work Plan III
 

Appendix from Work Plan IV
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D-1 

APPENDIX D from Work Plan III
 

PROCEDURE FOR POND SOIL SAMPLING AND ANALYSIS
 



D-3 

APPENDIX D
 

PROCEDURE FOR POND SOIL SAMPLING AND ANALYSIS
 

Pond mud will be analyzed for particle size distribution and
concentration of a number of constituents. 
Samples should be taken from each
pond prior to initiating each of the two experiments during the third cycle.
Analyses may be carried out by qualified laboratories within host countries or
 
the U.S.
 

Sufficient time should be allowed for analysis by laboratories such that
results will be received in time to apply lime if necessary. About two weeks
should be allowed between application of lime and the first fertilizer
 
application (see Appendix A).
 

Soil Sampling
 

1. 
 Begin at the shallow end of each of the twelve empty ponds, opposite the
 
drain.
 

2. Proceed in an 
'S' shape toward the deep end of each pond, collecting 12
 
core samples of the top 15 cm of bottom material.
 

3. 
 For each pond, combine the 12 subsamples and mix the composite

thoroughly. 
Note that wet mud mixes more easily than dry mud.
 

4. Spread each mud sample in 
a thin layer on a plastic sheet to dry.
 

Analysis
 

Researchers should identify a qualified laboratory or laboratories in the
U.S. or host country, capable of carrying out the particle size distribution
analysis and the 22 tests identified on Table D-1. 
 The amount of each sample
required and handling and labeling procedures should be determined in each
 case. 
Soil samples entering the U.S. must be accompanied by USDA form and
shipping label. 
 These may be obtained (in advance) from the laboratory

accomplishing the analyses.
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TABLE D-1
 
SOIL ANALYSIS
 

Analysis
 

Determination of clay, silt, and sand fractions (by pipette method and
 
including removal of organic matter)
 

Sample preparation (grinding, handling, storage)
 

pH
 

Phosphorus
 

Extractable Bases (Ca, Mg, K and Na)
 

Organic Matter
 

Total Nitrogen
 

Nitrate Nitrogen (N03 -N) and Ammonium Nitrogen (NH4 -N)
 

Cation Exchange Capacity
 

Soluble Salts
 

Heavy Metals (Zn, Mn and Cu)
 

Sulfate-Sulfur (S04-S)
 

SMP Lime Requirment
 

Free CaCO3 or CaC03 Equivalent
1
 

Exchangeable H
 

Exchangeable Na
 

Aluminum
 

Iron
 

TOTAL per sample cost, excluding analyses for aluminum and iron.
 

1 If it is known that soil pH is below 7, then no free CaCO 3 will be detected
 

and this analysis is unnecessary.
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APPENDIX F from Work Plan III
 

MATERIALS AND METHODS REFERENCE
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APPENDIX F
 

MATERIALS AND METHODS REFERENCE
 

As previously discussed in Chapter 2, the third cycle of CRSP pond

dynamics experiments involve a numb-.r of daily, weekly, monthly and occasional
 
measurements. The measurement of some parameters require the use of specific

instrumentation, procedures or analytical methods. 
To the extent possible,

catalog references and standard methods for selected procedures and analyses

have been reproduced for use by researchers rit host country locations.
 
Researchers should read these references carefully to confirm that the
 
described materials and methods are applicable given site specific conditions.
 
After reviewing these materials, any planned modifications should be reported
 
to the Program Management Office before implementation.
 

This appendix is presented in three sections: Instruments, Procedures,
 

and Analytical Methods. The contents of each section are:
 

Page
 

INSTRUMENTS
 

SOLAR MONITOR WITH QUANTUM SENSOR .... ............ .. F-4
 
WIND SPEED AND DIRECTION METER ..... .............. . F-6
 
TOTALIZING ANEMOMETER ....... ................... ... F-7
 
pH METER WITH COMBINATION ELECTRODE .... ............ . F-8
 
DISSOLVED OXYGEN METER WITH TEMPERATURE INDICATOR ....... F-9
 

... F-10
 
TOTAL KJELDAHL NITROGEN APPARATUS .... ............. ... F-il
 
DIGITAL TITRATOR TEST KIT/DISSOLVED OXYGEN .. ........ . F-14
 

MAXIMUM-MINIMUM THERMOMETER (AIR TEMPERATURE) 
......... 


DIGITAL TITRATOR TEST KIT/ALKALINITY ... ........... ... F-15
 
DIGITAL TITRATOR TEST KIT/TOTAL HARDNESS .. ......... ... F-16
 

PROCEDURES
 

POND MAPPING ......... ....................... ... F-17
 
DETERMINING SECCHI DISK VISIBILITY .... 
 ........... ... F-23
 
GLASSWARE WASHING ........ 
 ..................... ... F-24
 
MEASURING HYDROLOGIC CHARACTERISTICS ... ........... F-26
...
 

ANALYTICAL METHODS
 

DISSOLVED OXYGEN ........ ........................ F-33
 
ALKALINITY .......... ........................ ... F-45
 
HARDNESS ...................... 
 ..... F-50

SAMPLE PRESERVATION, NITROGEN FORMS . . .
. . . . ..... ... F-56
 
AMMONIA NITROGEN ......... .................... ... F-58
 
TOTAL KJELDAHL NITROGEN ....... .................. ... F-63
 
NITRATE-NITRITE NITROGEN ...... 
 ................. ... F-68
 
CHLOROPHYLL a, b, c ........ 
 .................... . F-74
 
PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE) ......... .. '-79
 
PRIMARY PRODUCTIVITY (LIGHT-DARK BOTTLE METHOD) ....... ... F-89
 
PRIMARY PRODUCTIVITY (MODIFIED DIURNAL CURVE METHOD) 
 . . . F-92 
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INSTRUMENT UNIT OF MEASURE 

SOLAR MONITOR WITH QUANTUM SENSOR E m-2 day-1 

SUGGESTED SUPPLIER 
LI-COR 
4421 Superior Street/P.O. Box 4425 

COST (MAY 1984) 

monitor: $750 
Lincoln, Nebraska 68504 


DESCRIPTIVE INFORMATION 

Solar monitor model LI-1776
 

Solar Monitor 
Microprocessor Controlled
 
Integrator/Meter
 

it	Integrated and nstantaneors 

measurements 


" Memory storage o integrated 

values lot unaltended monioring 


" Orecl readout in engineering units 

C r at l w. .all . IC 
r Compatrblerwin all LUC sensorstllow 

Modulefor mV srgnal sensors a M ehr mV snlsers 
trre 

environmental monilorrng 

it Cassitfl tape or RS232C output 
o Analog output of instanlaneous 

values 

Tolaljized Measurements 
The LI-1776 Solar Monitor averages the 
erttecs due to changing atrnosPer.c Con-

trons. Solar elevation. elc Metc, tead. 
igs. pOt measuremenls andstrio chatlin 

ISru.W 
ions Intead of an erratic Stripchat plot 

the Lt.t776 displays an rnlegratcd value 
Divrdrng this total by the integration time 
provides the average va;ue 

plots ale dittrcuttO nrhlyri %" t 

Typical Applications 

When used With lhe LI200S8 Pyranom 
eler. the LI.1776 provides asaorrsicated 
system torsolar energy assessment and 
site evalualon perlormarce evaluation 
meteoroiogical studies and ltrgation 
schedu ng FOr various apoIcaions in 
plant science. d quantum sensor can be
used to measure ph'~osynthetically ac. 

Ie rad atron (PAR). A photOmetric sensor 
s usd flr illuminance measuremenls 

m,.r w 

(402) 467-3576 sensor: $260
 

1 776~ t~A130' 
~ sot-

COMPUTER COMPATA8ILITY 
Expanded dalalogging CapaOltdy Is 

provided wih any one 0 these variatlons 

of the LI. 1 776 Solar Monitor 

L I. 776/02A Li.1 776102M or 

LI 177610? 


* 	NI$n u0,,se.elelabl i le rloS 

.
 
Aearttrireopet 

* Comptrible with aiy RS-232C porl-prral 

Data is transferred i 7 rI plus parily 
ASCII craracters through the LI 776 
Output Fol either the LI1776/02A or 
Lt. 776/02M the 1600-05 Cassene Tape 
Reader and a tape recordef ale needed to 
transfer data to a compuler system 

LI 1776/02A 

Integrated data that is stored in the mer. 
ory can be transferred directly onto asI 
sell, tape oa!a is transferred utomat.. 
ically al the end o! each leglatlol 
perrcd This iS especially useful forlong. 

term monitorng. where upO 900 ilegra.
lion values can be recorded on one sideat 
a 60 minute ape without user attention 

LI.t776/02M 
Wrth Ihe LI-I 776/02M. the user inl,ales 
Ihetransler oIla onto cassette tape All 

ot the values in memory are translerred 
ontO tape each time a transler rs initraled 

L. 1776107 
Through the use 0f a standard RS232C 
serial interlace. the LIt.1776/07 can be 

connected directly to a lermnal com. 
Ouler or modem for data transfer The 
LI.1'776/07 can unction as either the 
DCE (Data Communication Equrprnenl) 
or the OTE (Data Terminal Equipment) 
The lacloryset Baud rate i 300 1600o0 r 
1200 oplionall 

160005 Cassette Tape Readel 
Inlegated data .ored in the memory of 

in LI 17-6i02A or LIt 776/02M carl be 
storedoncasseltetapeusingthe 1600.04 
Cassette Tape Recorder Banery e has 
been nctetawo by interall m dilicalprors 

itrvi; opetaton in lie Jim 

The 160005 Cassette Tape Reader is 
used to nteface the tape rerorded data 
toa compute system Isee page 6) Tile1 0005.s5 compatible with any comprutr 
system that utlzes tire EA (Electronic 
Institute of America) RS 232C Ilterac t 
Tape recorded data can also be inter. 
laced using etlher aCampbell Scientifc or 
Omnllla Inlerahional cassetle tape 
reader 

. 

0 0 

1776-06 Wealherproof Case 
For tield operaton this tbergass case 
provodc- a we,ltherproof enclosure 1o the 

LI 1776 and a casrette tape recorder 
lOptunAll Incitided -iih tie 1

7 7
606 is a 

IQ vOlttallt,ry oack and external battery 
leas 
Battery Ltif 2,,ontri at25 C Site 29 9 

208, I80cm .leep 1tt 8 . 8? 
7 t I Wrqrt I k8t 1106 lbs 
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SOLAR MONITOR WITH QUANTUM SENSOR (continued)
 

Quantum sensor model 
LI-190SB
 

Measure Photosynthetically Active Radi
ation (PAR): 400 to 700 nmi waveband
 

Plants use the 400 to 700 nm waveband
 
of the light spectrum for photosynthesis

(3.9). A simple integral relationship exists
 
between the number of molecules
 
changed photochemically and the num
ber of photons absorbed within the 
re
quisite waveband regardless of photon
 
energy (12). 
 The preferred measurement
 
for PAR is Photosynthetic Photon Flux
 
Density (PPFD) (9.14). This is the num-
 ( , Actual Size
ber of photons in the 400 to 700 nm Q
waveband incident per unit time on a unit

surface.
 

Plant scientists, meteorologists, horti
culturists. ecological survey groups and
 
other environmental scientists are using

this sensor to measure PPFD in the at
mosphere, growth chamber and green
house. 
Accurate measurements are obtained 
under natural and artificial light condi
tions because of the computer-tailored
spectral response of the LI-190SB. Thissensor, which has been developed from
earlier work (1), was pioneered by 
LI-COR and has become a standardphotosyn-forPPFD measurement in most ,, I o..thesis related studies. 

The LI-190SB is also used in cceanog- o .4raphy, limnology, and marine science as 4 "RSa reference sensor for comparison to -- ' OUANTU" ES"ONSEunderwater PPFD measured by the
LI-192SB Underwater Quantum Sensor. , 

Units currently in use are enstens, moles, photons 

U 40I"1 "Iand quanta (62 9. 14) 1 E s- m 2 
tool s' mr 6 02.1017 photons s'l 'n. 2 

2 Iu 6021017 quanta s 1 rm - .
 
is
 

Soo 6W 

WAVELENGTH - NANOMETERS 

Figure 1. Typical spectral response of LI-COR Quantum Sensors vs. Wavelength and theIdeal Quantum Response (equal response to all photons in the 400-700 nm waveband). Aninterference filter (for sharp near infrared cutoff at 700 nm), and colored glass filters,tailor the silicon photodiode response to the desired quantum response. 

00 
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INSTRUMENT 
UNIT OF MEASURE 

WIND SPEED AND DIRECTION METER 
 km/hr and direction
 
SUGGESTED SUPPLIER 

COST (MAY 1984)
Ben Meadows Company 
3589 Broad Street
 
P.O. Box 80549 (800) 241-6401 $345 
Atlanta(Chamblee), GA 
30366
 

Instantaneous TAYLOR Wind Speed and Direction Indicator
 

Taylor Wind Speed
and Direction Indicator 

Includes cup and vane assembly. Self-contained- no outside
 
power source needed. Outdoor parts are corrosion-resistant.

Mahogany-finished indoor indicating unit is 61/2* wide x 5' high.

Furnished with 60 ft. of lead.in wire and instructions.
 
No. 110930 Shipping Weight 9 lb.............. $345.00
 

Note: The totalizing anemometer described on the following page is the
 
preferred instrument for CRSP research.
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INSTRUMENT 

TOTALIZING ANEMOMETER 


SUGGESTED SUPPLIER 

WEATHERtron ics
 
A Division of Qualimetrics, Inc.

P.O. Box" 41039 

Sacramento, CA 95841
 

DESCRIPTIVE INFORMATION 

Model 2511 Totalizing Anemometer
 

_. 

' 

Modl 2S10 
7 

*,. Specifications:Specificati :. 
Ty. -. e ,,ups . .... , . . . 4din e 
CLJi~ ... ae- a 
_Copde il5 A,-%. onicalars beaded 

C,,,,trSi% digit-mechianical
ET ci=L Reed switc 
.C~ri:u0uirrtang........ 
 0.4Aat24VDC 

., ,. *,42-;4 - '?', resistive load 
Rmllbcn (Cm tee crntalti) ...... 0.1 mileor 
&4c'uo€nsbmr .'...:.'.:-.. 917Z rx.v./mi. (570l," s.c..ss."t 9.,v,,, ki.omerev m 

Threshld .... : :" . . 1-2mph 
.:.d ......... ;.... . Cast aluminum
Flange" Four 3/8" dia. predrilled holesMas.pee ............ 
 100 mph (160 km/hr)

Size 12" dial. x 16 "H (305 a400 mrm)Weisht/shipping ............ S lbs./9 lbs. 
- (2.3 kg./4 kg.) 

UNIT OF MLASURF 

km/elapsed time 
calculate km/hr 

COST (MAY 1984) 

(916) 481-7750 $370 

Features: 

U6-digit mechanical counter 

" Electrical contact output 
N Metric or English models 
8 Predrilled mounting bast 

Instrument Description: 
The Model 2510 totalizing anemometer is equipped 

with a counter to provide a simple, yet precise, method 
of determining average wind speed and total air 
Passage. An internal gear train converts cup rotation toCounter input (917 revolutions per mile). Average wind 
speed can be calculated from the difference between 
successive counter readings divided by the timeinterval between readings The 6-digit counter is not 
manually resettable. The anemometer can typically
accumulate wind run for a year or longer (up to 99,999 9ies or kilometers) before automatically resetting to 
tern 

The 2510 also provides an electrical contact output,by means of a magnet activated reed switch. The 
switch furnishes one closure per 0. 1 mile or kilometer 
This Lontact can be used to advance an event recorder or a remote digital counter (These instruments are 
described in detail on pages 160-162 and 166.) Two
conuuctor cable makes the necessary connections 

lhe 4-nch.diameser brass cups have a threshc~d of 
approoomatefy 1mph The cups are beaded and are 
thai.hed to the hub by sturdy arms Turning radius is6 

;nci.,.5 Self-lubricating stainless steel bearings support 
the anemometer shaft 

f.flanged hase uf the instrument is predrilled.
permitting mounting on a wooden, metal, or concrete 
suoport In an evaporation statiois the anemometer is
tNpiclly mounted on the platform supporting the
 
evauoration pan 
 A mast adapter is available lor

mou'i:ng to a I'A,-inch 0 D pipe
 

Ordering Information: 
l
 

sso Tr.4.11 A,.mom,..irl".iih tdgit Courier reg, silermgeach

0 1 mile oft word, swtch cIosure 
 Ice r'emoterecording
.cundd 

2311 letwlli.ns, A. semoslrwih b diit counte regiltering each 
,t l mii o wnd. cioture foe ,cnolc rccordn 

2SIoI V-.*.g Ad,' tw ior wuiimi, on I"..j 0 o,cl, 
6o.s41 Twooamodoetw. 39AWC, Iohled Cabi 

http:letwlli.ns
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INSTRUMENT UNITOF MEASURE 

pH METER WITH COMBINATION ELECTRODE pH units
 

SUGGESTED SUPPLIER COST (MAY 1984) 
Orion Research Model 201 : $285 
840 Memorial Drive Model 211: $295
 
Cambridge, MA 02139 (800) 225-1480 Model 221: $395
 

Ross Electr:$175
 
DESCRIPTIVE INFORMATION 

200 Series pH meters All niudels in the ORION 200 Series come port attachment, an unbreakable elec 
in a loam-lined carrying case supplied trodn that never needs refilling; and, A 
with everything you need to make mea line adaptor for meter use without battery 
surements in he held nr lab: rinse water drainage. 
And bullpr iontainers. An electrode sup-

Model 201 includes everything you need reads over the entire pH range in 0.05 in. 
to make routine pH measurements. espe- crements and displays results in large, 
cially outside the laboratory. This meter high intensity LEDs. 

Model 211 has features usually associated output. Anda large LCD display makes the 
with more expensive meters - readability to instrument Ideal forreading in sunlight. 
0.01 pH. slope adjustment and recorder 

Model 221 measures pH to0.0l andtemp- bench Model 221 becomes an economical 
erature inside or outside the laboratory, method for measuring biochemical oxy-
The meter is supplied with a precision gen demand when used with the ORION 
temperature probe so you can measure 97-08 dissolved oxygen electrode. 
sample ternlrature accurate!y. At the lab 

a ,l Model 201 i~ tI.... ,,,.,,,,.. o- o0, , ",..Z 'aT,0Model 211,.L F,Modeli.0221 m . . 

tomporalure compenwlon manual.0 iooC man.al,0 to 100"C manual, 0 io IC0"C 

battery complemenl six size AA I Svoh baltetes in.sie AA 1.6 voltbait one sizeD9 voltbaitery 

temperalure range ... -sC to 100,C. _0. "C of 1% 

line adaptor t15o,230 VAC, =20%.50/60Hz t15or 230VAC. ± 20%., 50/60Hz 115or230 V AC, 20%..50'60 Hz 

Ross Model 81-55 combination electrode
 
Superior to conventional ectrode that is supplied with the Orion 200 series meters.
 

Model S,-,/,,.% . -00"c 

Russ combination with Internal Reference Ross 

epoxy body, bulb guard. Ulaglyb Clasn Fiber 

Recommended Use ' Use for ruggctdi.ss and
durability in fieldptl 

Dimensions Length: 121)mm
Diamct. 12 mm 

measur'nicn. Cap Diameter. 16 mm 

H ~ 0.14 Zbo'cto "'' LI . Standard/BNC 

Drift t .'. thii 0t(912 pitp'r y ORION Cat. No. 

ORIONC.=I8155WIIRV(WWNo. 
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INSTRUMENT UNIT OF MEASURE
 
DISSOLVED OXYGEN 
 METER -WITH TEMPERATURE INDI- mg/l ,oc
CATOR
 

SUGGESTED SUPPLIER 
COST (MAY 1984)

Scientific Division 
 meter: $795
Yellow Springs Instrument Co., Inc. 
 probe: $157
Yellow Springs, Ohio 45387 
 (513) 767-7241 cable: $ 94
 

DESCRIPTIVE INFORMATION 

YSI Model 57 Dissolved Oxygen Meter
 

The YSI Model 57. an exceptionally rugged D-O. meter, is
 
designed for extra hard duty in the field. It features shock
 
resistant, water resistant construction, metal meter bezel
 
and an ABS molded case. Accidentally knock the instru
ment overboard and it will float until you retrieve it.
 

This is also an extremely sensitive instrument, measur
ing dissolved oxygen in three different reading ranges of
 
0-5, 0-10 and 0-20, mg/l. with accuracy to ±0.1 mg/l. A OXYGEN MEASUREMNT
 
-5t to +45"C -5~ o +5"Cscae empratue. embane RANGES
inicaesscale indicates temperature. Membrane 05 0-10 and0.20 mg110-2 5.0.5 and0 10mgI vwth YSi5776 High Senst
coefficient and changes in water temperature .Membraneare com- ACCURACYt 1ilull scale atcalibration emperaueor 0 I mg 1whichever isgreater
pensated for automatically. Calibration is by the fast air READABILITYcalibration technique, which can be completed in sec-

0025 ing I on0S scale, 005 mg Ion010 scale. 0 1rg Ion 0.20 scale 
onds. Two flashlight batteries operate the Model 57 for TEMPERATURE MEASUREMENT
 
up to 1,000 hours, and an internal rechargeable battery RANGE5 to -45 C
 
pack is available to operate the submersible stirrer. ACCURACYt 05 C 
There's also a recorder output for making permanent READABILITY 025 C
 
records. 
 COMPENSATIONCorrections for ocean salinity can be made by direct- Automatic temperatue compensation accurate ± I of oto DO adings made withindialing the salinity concentration, 0 to 40 PPT. to cover ±5,C ofcalihration tenreiatiie. and accurate to ±31 of 00 readings from -5a to+ 45r CManual. direct dial salinity comp-rnsalion houri freshrthe full range from fresh water to sea water. For frequent accurate to ± 25'. ifcouusated reruing 

water to sea water. 0 to40 
salt water measurements the YSI 33 S-C-T Meter (salin
ity. conductivity, temperature) is an ideal companion in- IENT anGe
 
strument for determining salinity.ii


Tnese and other features provide maximum 
conven- SYSTEM RESPONSE TIME 
Typical responsev oiz Iw, ieurliwu taidur ouu0IT aduuuujsience and reliability for on-the-spot measurements just reldeilieuf 30 C is 90 iii 10seconds at constant 

about anywhere under the toughest working conditions. 

O11,114 1 01 Rf-iul.imfuer sitIdui have 50 100 ohni%miruruirn iupur impedance, 

POWER SUPPLY 
k'w isiposable C %iw- ilirrui tin lrdiiii.,s 0uu'~ ippliiii tivl 1000 hours iltaD.O. Field Probe with 3 Meter Cable uIrt orneralitUtrum iru l unteiuur r',lhxci~nrl pirylckYSI 5721:rrernulile Isee operates l[he subal' 

DIMENSIONS
 
YSI 5,39 Dissolved Cxygen Probe 
 withoot cable)


YSI5140 10 Probe Cable-- 3 meters I10)

YSI574U 25 Probe Cable-- 7 5 melers (251
 
YSI5740 50 Probe Cable-- 15 meters 1501
 
YSI5740 t00 Probe Cable - 30 5 meters I100')
 
YSI5140 150 Probe Cable-- 46 meters 1150)
 
YSI5740 200 Probe Cable- 61 meters 12001
 
Ifr longercables ouder YSI5740.X and specify length to 250' All cables 25" or
 
longer supplied with storagefeel I
 

Note: BOD Bottle Probes are also available at a cost of $353 each, 

http:salinity.ii


F-I 0 

INSTRUMENT 

MAXIMUM-MINIMUM THERMOMETER (AIR TEMPERATURE) 

UNIT OF MEASURE 

C 

SUGGESTED SUPPLIER 
Taylor Scientific Consumer Instruments 
Division of Sybron Corp. 
Glenn Bridge Road 
Arden, North Carolina 28704 

DESCRIPTIVE INFORMATION 

(704) 684-8111 

COST (MAY 1984) 

$22.98 

Model 5460 Maximum-Minimum Thermometer 

Thermometer registers high and low readings
from last setting. Pushbutton reset. FO & CO scales. 
83/* x 2 ,4'. Blister carded. 4 per carton. 
Weight: 6 ozs. 
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INSTRUMENT 
UNIT OF MLA ;URE 

KJELDAHL NITROGEN APPARATUS 
 ing/l 

SUGGESTED SUPPLIER 
COST (MAY 1984) 

Kontes 
Spruce Street 
Vineland, New Jersey 08360 (609) 692-8500 

$2,081 .80 
See itemization 
in this section 

DESCRIPTIVE INFORMATION 

Witth drcessorV lume hood. o1no1 
- can be used on any bench space 

Total Capact 112) Flasks 

Base rotates 3200 for 
easy access of any flask 

Fumrie Exhaust 

SP, 8 P heat switches provide
l+able (anrlOK.551000 a -

K-551000 	 ROTARY KJELDAHL 
DIGESTION APPARATUS 

Oesign of this apparatus positions all flasks an equal dl-stmch'Ii j%%i.,6rv,, t'vtiei.nt I 15 VAt: 50 '60 Ht. 1320 watlsfrom adjacent lasks to assure uniform heal distrihut-on U0ni.t.I.130 IS' mmuniform digestions are accomplished since cold end flask ,;are -':ht I 	 '(.1.1 mm I
eliminated as found in older straight line units The, i. -.ijhi I112" iht. IF
appatalus can be rotated 3 2 0 1 on the base to allow eals., aces,	 

Ky 

to every flask r'rtl 
An accessory glass fume 551001 0075 Fune Hood. 25mm diahood ils over the 	digestion i;, holes to acceptK 551500 30 and 100 ml flasks 
paratus. allowing it to be used on the laboratory bench Aconnection to vacuum is made at the base 	 5!1 1 0030 Fume Hood. 30mm diaHeat generatid 	 holes to acceptK551600 30 and 100 ml flasks
by the apparatus prev4.nts condensation This acceleralesexhaustion of SOi and SO) gases through the lowe open, .,5t (0, (tIY. Replacement Adapter Rings to accum 
Heal control is maintained by six 	 modate 30 mlvariable oulpul Swil'tirt- . 1oi 	 llasksVariable Voltage Transformri 115 vateach controlling two adjacent healing unoltFor av,,der (;- q!.60 H, 20 amos (Not illustfaledI
o1 temperature selection an accessory variablr voltage '!.-ns 
former may be used 

http:t'vtiei.nt
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KJELDAHL NITROGEN APPARATUS (Continued)
 

K-551100 KJELDAHL DISTILLATION APPARATUS 
fL' Design f talutes Include 
0 , e Entrance tube forcomplte transfer to the distilttion tha k Nn chance to 

N K5116 introdujce sampie Into the sidearm 
K 551106 0 Platinum gauze assures maximum distillation rates wilt neqhigifle blank 

* Hopkins Condenser directty attached to disillatinn tieart Reinruves poss.
bility of atmospheric condensation and possible cunlarnnndin 

. Pressurized steam entry into sample improves dstiling ittfircyni 

e Velocity o ammonia emerging from condenser isriii'tirrr Ini:nlrap 
ment in a boric acid solutinn 

e Sample can be based on the actual weight Oi tht- tnsiounl id (tdllblean) 

monia after digeshon Can ie uspd tir ullra.m( in niiri ir slveni icro 
determinations 

. .55l101 digestion tube with sam into Itie distillation til aliii conniil;steamInsert •le 

gentafto unit with flexibletubing The steam generator consists ofa two 
ltrfakwith a stopcock vent and a 600-watt inimerSion heating coil It will 

not be damaged it it runs dry Heat control can he maintained Iy using an 
accssoyvrialevulta9e transformer ISee K 5521toot Atiero-rire overalt 

height is485 mm 
. See K-55160030mi and 100mi or K.5517001 mO laskslot usewih 

short entry tube IfK.551700 300 ml is needed use acr essorv long entry 
I ( % tube' 

/ Power Requirement 115 VAC 50/60 Hi. 600 watts 

((j 	 Parts 
K.551101.0000 Ostillation Head and Condenser 
K-551104.0000 Steam Generator 

K.551104 	 K 551106.0285 Short Entrance Tube 285 nini letlon' 

AccesSories INot Illustrated) 

To water aspirator - used only K 551106.0335 Long Entrance Tube. 335 mm leflrin 
when distillation flasks are K-552100.0000 Variable Voltage Transfimet 
used 115 vac 50/60 Hi. 20 amps 

K552300-0000 Lab Stand 
Entrance Tube for addition of K 552400-0000 Lab Clamp (2 required) 
alkali, and for the turbulent .Replacement Parts 
introduction of steam into 
solution contained in tlask . 1JK 551104.0001 Steam Generator Flask 2.lit 

K 551104.0002 Steam Generator Immersion Heater 600 watt 

3 
.way stopcock lotentrance of 

vea!m. and washing outdistillation 
flask 

Distillation Head Platinum gaute
 
and Hopkins*type ("knocks out ctkath aerosell
 
Condenser.
 

Perrtations to increase < 

velociy and turbulence
 

) (. I, tilting flasks
 

Steam rent
 
Ostilltion Flask
 

fl, 750-wat 
h...4------1 variable 

Silltage 
transformer 

Steam Generator 
1700 ml capacity 
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KJELDAHL NITROGEN APPARATUS (Continued)
 

K-551600 KJELDAHL DIGESTION/DISTILLATION 
FLASK 

Dual purpose flask which cain fit- s-id in tinlh tt K 00iJ la, y I m)ce55 I stun0Apparatus and K.551100 Di sldllnit Apl) ijiawus 1 24/40 imitt hi ion 
nection o lihe dislilalini wisetiilaly follwinq IMe1digelinji pio-:!%'S il.tS 

1? saving a transier 

L lr~lask design includes an1 ei~x),l- lilo |ulli as a qiljaid again.sl |burritinl and 

Ioaming during digestion Al ,ulaflhws;inrtoi qlnrous inlrnClticlon nf Siient 
/d\ during dislillation 

Over all 
K 551600 Capacity. nil Henihtl.rim 

30 210 
100 210 

Quantity Catalog No. Description 	 Price
 

1 K551000-0000 	 Digestion apparatus, Kjeldahl,
 
rotary, 12-place, 115 V, 50/60 Hz,
 
1325 Watts $1,249.30
 

1 K551001-0030 	 Fume hood 
 138.80
 

1* K551100-O000 	 Distillation apparatus, Kjeldahl 529.30
 

12* K551600-0100 Flask, Kjeldahl, 100 ml, @ 13.70 164.40
 
Total $2,081.80
 

* 	 Number of flasks and distillation apparatus needed is dependent on number of 
samples to be collected and manpower available to clean glassware, etc. 

http:2,081.80
http:again.sl
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INSTRUMENT UNIT OF MEASURE 

DIGITAL TITRATOR TEST KIT/DISSOLVED OXYGEN mg/l 

SUGGESTED SUPPLIER 

HACH Company 
P.O. Box 389 
Loveland, CO 80539 (800) 525-5940 

COST (MAY 1984) 

$139 

DESCRIPTIVE INFORMATION 

Model OX-DT with Digital Titrator 

DISSOLVED OXYGEN TEST KIT 
Model OX-DT with Digital Titrator 

This kit uses the Winkler dissolved oxygen 
method with azide modification and a 200-mL 
sample size. All sample treatent reagents (al
kaline iodide-azide, manganous sulfate and sul
famic acid) are packaged in unit-dose powder pil
lows for convenience. Titrations are performed
with Hach's Digital Titrator and a prestandard
ized PAO titration canrie'e. A glass-stoppered 
sample bottle is included. 

Range: 0-10 mg/L as DO 
Smallest Increment: 0.01 mg/L 
-Sample: 300 mL 
Analysis Method: Titrimetic 
Number of Tests: 50 (average, 
Case: 41 x 20 x 18cm (16 x 8 x 7") 
Shipping Weight: 4.1 kg (9 Ibs) 
Order Cat. No. 20631-00 ....... $139.00 

Note: 
 If digital titrator is purchased for dissolved oxygen determinations,

investigators need only purchase appropriate HACH reagents and titration
 
cartridges to determine levels of 18 other parameters, including alkalinity

and total hardness.
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INSTRUMENT UNIT OF MEASURE 

DIGITAL TITRATOR TEST KIT/ALKALINITY mg/i 

SUGGESTED SUPPLIER 

HACH Company 

P.O. Box 389 
Loveland, CO 80539 (800) 525-5940 

COST (MAY 1984) 

$110 

DESCRIPTIVE INFORMATION 

High and Low Range 
Model AL-DT with Digital Titrator 

ALKALINITY TEST KIT 
High and Low Range 
Model AL-DT with Digital Titrator 

Model AL-DT is a higher-accuracy version of 
our Model AL-AP Test Kit. This kit contains the 
precise Digital Titrator, two prestandardized sul
furic acid titration cartridges and premeasured in
dicator powder pillows. Hach's Model AL-DT 
allows measurement in two ranges, 0- 100 and 0
1000 mg/L alkalinity as calcium carbonate, with 
results read directly in mg/L. Both phenolphthal
ein (P) and total (M) alkalinity are determined. 

Ranges: 0-100 and 0-1000 mg/L as CaCO 3 
Smallest Increment: 0.1 and 1mg/L 
Sample: 100 mL 
Analysis Method: Titrimetric 
Number of Tests: 200 (average) (100 phenol

phthalein and 100 total) 
Case:23 x 18 x 13cm(9 x 7 x 5") 
Shipping Weight: 2.3 kg (5 Ib) 

Order Cat. No. 20637-00 ....... $110.00 

Note: If digital titrator is purchased for alkalinity determinations,
 
investigators need only purchase appropriate HACH reagents and titration
 
cartridges to determine levels of 18 other parameters. including
 
dissolved oxygen and total hardness.
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INSTRUMENT 	 UNIT OF MEASURE 

DIGITAL TITRATOR TEST KIT/TOTAL HARDNESS mg/l
 

SUGGESTED SUPPLIER COST (MAY 1984) 

HACH Company 

P.O. Box 389 
Loveland, CO 80539 (800) 525-5940 $123 

DESCRIPTIVE INFORMATION 

High and Low Range
 
Model HAC-DT with Digital Titrator
 

MAGNESIUM, CALCIUM AND 
TOTAL HARDNESS TEST KIT 
High and Low Range 
Model HAC-DT with Digital Titrator 

Measure total hardness, calcium and magnesium 
(by difference) in two ranges with this kit. Tests 
are performed using Hach's Digital Titrator and 
two different EDTA titration cartridges. Deter
mine total hardness using ManVer 2 Hardness In
dicator Powder Pillows; the color change is from 
red to blue. Repeat the same titration using Cal

cVe r 2 Calcium Indicator Powder Pillows to 
measure calcium content. All reagents and ap
paratus needed are included in the kit carrying 
case. 
Ranges: 0-100 and 0-1000 total or calcium hard

ness as CaCO3 
Smallest Increment: 0.2 and 2 mg/L 
Sample: 50 mL 
Analysis Method: Titrimetric 
Number of Tests: 200 (average) (100 total and 

100 calcium) 
Case: 23 x 18 x 13 cm (9 x 7 x 5") 
Shipping Weight: 2.3 kg (5 Ib) 

Order Cat. No. 20639-00 . $123.00 

Note: 	 If digital titrator is purchased for total hardness determinations,
 
investigators need only purchase appropriate HACH reagents and titration
 
cartridges to determine levels of 18 other parameters, including dissolved 
oxygen 	and alkalinity.
 



PHYSICAL 
LIMNOLOGY 

MAPPING 
Mapping a pond or small lake hy plane table method 

The mapping of lakes is usually beyond the capability 
ofthe d relyn aps mae bylimnoogilstuanheemst 

well-equipped survey teams. Often aerial photographs 
with known scale will suffice. However, small ponds 
(generally less than 10 acres) may be accurately mapped 
with a minimum of equipment. Whenever possible.mapping in winter on sound ice is preferable. Welch 

(1948) includes an extensive section on map methods 
from simple to complex. 

Apparatus 

Plane table and tripod 
Alidade (a crude alidade may be made by setting 

pins in opposite ends of wooden ruler for "sights*) 
Compass 
Ruler. graduated in tenths of inches 
Map paper 
Hard lead pencils 
Ruund-headed map pins 
100-1oOI steel measuring tape 
2 steel stakes, approximately 2 feet long 

6 HANDBOOk Of COMMON M1TI0ODS IN LIMNOIOCY 

Wooden stakes, approximately 3 feet long (25 to 
100 depending on size of pond)

Sledgehammer 

Stadia rod or other painted pole at least 6 feet longMetal-core clothesline rope, of sufficient length to 

reach across pond. marked in 5-foot increments 
Small boat or canoe 
Depth sounding line or electronic depth sounder 

Procedure 

1. Select the longest relatively strdight section of lake-
shore for establishing a base line. 

2. Drive steel stake near shore for one end of baseline. Most of the pond should be visible from this point. 
Repeat for other end of base line at a point at least 100 
feet from first stake and approximately the same distancp 
from shore as the first. Make the base line as long as 
possible (Fig. 1). 

3. Drive a wooden stake at water's edge at everymajor change in shoreline configuration. Maximum dis

tance between any two wooden stakes should probably 
not exceed 50 feet. Drive wooden stakes just deep 

enough to stay in place for mapping. Steel stakes onbase line are permanent and should be driven onlyso 
4 to 6 inches protrude. Tie a cloth "flag" to top of every 
fifth slake to facilitate counting. 

4. Attach map paper to plane table. Se* up tripod 
directly over one metal stake at end 6i base line, and 
plumb table center to the stake. Level table and alignI 
one edge with true north-south line. Lock table in place. 
Draw true north arrow in corner of map; also indicate 
magnetic north (Fig. 2). 

5. Judge shape of pond and length of base line. and 
determine appropriate scale. Record scale on map near 
north-south arrow. 

6. Determine position on map that represents end of 
base lire where table is set up. Mark this on map by
firmly setting map pin in table. The pin must not move. 

S--Jt 
-'n 

V Z -u" 
0 8 

C 

C-4 
- 4 ," 

-¢ 

• 
.n a, 
I 0 

71. 
0 

h 

o 

I' 

o 
a 

42 
1< 

0 

1< 
v "'r 

.5 



PHYSICAL LtMNOLOGY 7 

/--v 
6 

171 

Base line 

0 
0 

FIG. 1. Plane table map (top) showing position of a numbered 
shoreline stake and the base line. Distances for three shorelinepoints as determined by triangulation from the ends of the
base line are shown. In a small lake or pond, bottom con-
tours may be determined by sounding along a calibrated rope 
stretched between approximately opposite shoreline stakes 
(bottom). 

8 HA ,N1)I()(JK. (0t " I'.\tMI tHOi)S I' LI%% .)L(J(,V ' 

" co 

0 

FIG. 2. Student using an up'n-,.ght alidade and a plane taic 
to map a small pond. A compass is used tu ascertain north 
ur:entalion ol the map. The edge ot the alidade at the end 
nearest the studcnt 1, al :a placed against a map pin tirml. 
set in the table. 1hi, is the mappin position corresponding
StO he base lint? stake over which the table is centered. 

Check again to be certain that all parts of pond will fall 
on map according to scale selected and position of pin. 

7. Have flagman set stadia rod vertically on steel rod 
at other end of base line. Place zero mark on alidade 
against pin, and sight through alidade down base line toline up with stadia rod (Fig. 2). Draw base line on 
map along edge of alidade for the appropriate lengthas determined by scale. Be careful not to bump the 
plane table at any time. 

8. Now in a similar manner, progressively sight
alidade around the pond on each wooden stake (flagman
holds stadia rod lust behind stake), and draw line along 

edge of alidade. Number each line consecutively. The 



0 
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filth line and everN, multiple of 5 should be sighted
stake with 

on a 
flag. Any deviation indicates a missed stake.


After each flagged wooden 
stake has been sighted and

the line drawn, resight on other end ot base line. 
 Ifthis sighting does not coincide with original line, the
table has been moved and another series must be taken. 


9. After a complete circuit has been made, move and 

reset table over stake at other end of base line. Set pin
in map at this end of base line and align table by sighting
back down to other end of base line. Repeat step 8.

10. The point where corresponding numerical linesintersect is the position of each wooden stake marking
the shoreline. Connect these points with a smooth line. 

Bv doing this in the field, you are able to includeI minor
changes in shoreline. Also Indicate pto,1lon o ObvIOu.,
teattire, in the water (logs, weed beds, 0ud Otherf'i

II. It is more dirticult to map bot m contiur for
the purpose of morphoietric calculation-s [hv problem
is the 1CUrate plotting on the map of ft, pt)Nin,,f
the sounding leam. On smaller ponds. mapping b(otllto
Ci)li tours may be done as tollows: slarlinig at on1e '11dof the pond, stretch the calibrated rope between any
two known wooden stake locations. Represent this b'a light line on the map. 

12a. The sounding team in the boat moves along this 
line, taking soundings at appropriate intervals from one 
shore to the other (intervals vary depending on amountof change in bottom contours). With the use of the
scale, a point is placed at the proper position on theline, and the measured depth written in thatat point
(Fig. 1). 

121). An alternate procedure, more suitable for larget 
b dclie.of water but less precise so tar as exact po illionApon the lake is concerned, is the ue (if timed echosoundings. Echo sounders are becoimng n(reasinglv
available, especially as "fish finders." The boat's pilot
m,.akf% a line of sight btetwe n t,.v()Staku', on opposite 
banks and Sets the b0,I at a l A5(nPt pi'Vd.NI(),. I1 IN 
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important that he make every effort to maintain a straight

line and constant speed between the two points. A

second person calls 
 out regular time intervals-for

examp!e, every 30 seconds-and 
a third person reads
and records the depth shown on the echo sounder 
at that time. The total time taken to transect the lakeis recorded. Thus the total time for distance is known, C
and time for any timed increment can be calculated.Although this procedure is less precise, it has a com- CDpensating advantage in that it allows many more soundings to be taken, which more accurately gives the shape
of the lake basin and allows for the plotting of more
closely spaced bottom contours. This increases acthe 

curacy of the lake volume calculation.
 

13. Repeat the chosen sounding procedure for a
parallel series of lines across the pond.

14. Determine degree of bottom development to beshown (1-m intervals are often used, but interval- ma)be more or less). Draw in contour lines by connecting
the appropriate points and the lines. For shape between 
points, parallel the shoreline. 

15. Label map and include date and names of map 
crew. Roll up map (do not fold).

16. Return map to laboratory, retrace shoreline anidcontours in permanent ink. Clean up other working iines 
with soft eraser. 

Direct measure modification of plane table method 
The direct measure modification of the plane tablemethod is suited for ponds of regular outline and open

water. It is simple, and depth soundings may be taken
simultaneously if the work party is of sufficient size. 

Apparatus 
Same as for plane table method plus the folloving
Good quality 18- to 24-inch ruler graduated in tenths 

of inches
 

Steel-core clothesline rope, of sufficient length to 
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reach across pond's longest dimension, marked in 

5-foot increments 
If approximate size of pond is known before going 

to the field, a previously prepared table of scale 
conversions of feet to inches will facilitate time 
spent in the field 

A small boat or canoe may be necessary if obstructions 
are present 

Procedure 
1. Select a base point that is relatively open of vege-

tation and from which all parts of the pond may be seen. 
Drive iron stake and center drawing board over this stake. 
All work will be done from this location. 

2. Prepare board for drawing as in plane table pro-
cedure. 

3. Set out shoreline stakes as in plane table pro
cedure. 

4. Select point on paper to correspend with plane-
table setup over iron stake, and set map pin. 

5. Use alidade and take sightings on first stake to left. 
Draw light line along alidade from base point out to near 
edge of paper. 

6. Place zero end of calibrated line on iron stake, 
and measure distance to the sighted stake to the nearest 
foot. Convert this distance to scale in inches; using 
ruler, measure out from base point the corresponding 
distance on the line, and mark point. Thus location and 
distance of first stake have been determined. 

7. Repeat step 6 for all remaining stakes. 
8. Connect the points, filling in detail from observa

lion 

9. If the maIp party is of sufi cient size, a boa1 SoLndi ng 
team ma work alongside the measuring rope, taking 
soundings and distance between base point and stake. 
Depths called out may be marked on map at proper clis-
tance from base point (see following section, Morphom-
etry). 
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MORPHOMETRY 

Most limnological phenomena and productivity are 
directly related to the morpt _.cgical features of the 
water basin. Therefore, certain ,norphometric features 
are of interest to a limnologist beginning a study of any 
water. Morphometric measurements are based on good 
hydrographic maps, and in general, the larger the map, 
the more reliable the morphometric data that may be 
obtained from them. 

"K 

C 

o) 

Area by polar planimeter 
Whenever instrumentation is available, the polar 

planimeter method is preferred. The polar Dlanimeter is 
a delicate instrument, and care must be taken whenever 
it is used. Read over the directions supplied by the 
manufacturer for the instrument in use. 

. . 

/ 

FIG. 3. Compensating polar planimeter used to determine 
areas. Here the planimeter is tracing the shoreline to deter
mine the total area of a pond drawn by the plane table method. 
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1. Prepare map by placing it on hard, smooth sur-

face. Tape it in place. 
2. Most maps will be too large to be covered by one 

cycle of the planimeter. These maps must be ruled off 
into halves or smaller segments and the of eachareassummed for the total. 

3. Check the calibration of your instrument on the 
map paper being used. Use calibration device supplied
by manufacturer, or carefully rule off a known area and 
trace with planimeter 3 times. 

4. Proceed with actual planimetry by tracing outline 
of lake or bottom contours following carefully the manu-
facturer's directions. 
Area by cut and weight 

1. Lightly trace map outline with bottom contours 
onto a good grade of paper. 

2. From an area outside traced area, cut out a square
of known area (a 9-inch square is usable) and weigh
this piece of paper. Calculate weight per square inch. 

3. Cut out outline of entire lake and weigh. Cal
culate area by dividing weight of entire lake by weight 
of 1 square inch. 

4. Repeat step 3 for each successive bottom contour. 

Volume by calculation 

If a lake basin is considered as a cone, then the 
volume may be calculated by the appropriate equation 
(cone volume = 1.047 r~h). However, because the slopes 
uf take bottoms are rarely regular, a better approxima
tioni for volume may be obtained by calculaticg and then 
summing the volumes of conical segments (frustra),
with upper and lower surfaces delimited by the areas of 
sequential depth Thecontours. calculation is then as 
given by Welch (1948): 

Lake volume rfrustru volumes 
where 
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h
 
u (a - a ,
 

h = depth of Irustrum 
a, = area frustrumn surfacea,= area ofof frusrum bottom 

Volume by planimetry 
Lake volume may also be determined by planimetric C+ 

integration. 
1. Using inear graph paper, plot the area at a given

depth against that depth. Make the plot with the hori
zontal axis for area at the top and the vertical axis for 
depth at the left of the page. This places the 0-0 ordi
nate in the upper left corner. 

2. Integrate the area beneath the curve by using a 
polar planimeter or by counting squares. Include thosesquares that are more thanhalfwithin, and disregard those 
that are more than half outside the line. If equal di-

A -

Fig. 4. Cartometer 
plane table rna'p. 

in use measuring the shoreline length of a 
-n 
I1 

... 
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mensions l"afor each square of the grid are used (that is, Not all lakes will have a segment that may be considered :1> 
each grid has dimensions of 1 ml in one direction versus to represent a maximum length. The orientation is ex- 

3I m in the other direction), that grid represents 1 m pressed as opposing points on a 16-point compass: for 
volume. Summing the number of cubic meter volume examole, SSE-NNW. 
grids under the curve will give the approximate total 
volume of the lake. Maximum depth 

The maximum depth is the deepest spot in the lake. C. 
Shoreline length: cartometer method 

The map measure (cartometer) is a convenient method Mean depth CD 

for measuring lengths of shorelines (Fig. 4). It is also a The mean depth is an important value, since it is 
delicate instrument and deserves care in handling, used in certain other calculations, such as heat budgets. 

1. Set dial by turning wheel to zero line. Draw a line of It is calculated as follows: 
known length on the map paper, and trace three times volume in ml 
with the instrument to check ts accuracy of calibration. Mean depth in meters =surface area in m 

2. Set instrument to zero line, and carefully trace the 
shoreline of the lake. Watch carefully to see if the dial 
revolves more than one time. Record number of inches 
or centimeters, and convert to feet or meters per scale. 

3. Repeat for each of the submerged contours. 

Shoreline development 

Shoreline development is an index of the regularity 
of the shoreline. For a lake that is a perfect circle, the 
shoreline development is 1. As the value departs from 
unity, irregularity is indicated. This value is calculated 
as follows: 

S 
=
Shoreline development (SLD) 

where 

S = length of shoreline
 
a = area of lake
 

Maximum length and orientation of main axis 

These two factors are usually the same portion of
 
the lake, but because of unusual irregularities, they may
 
not be so. Maximum length is the longest straight line
 
that may be drawn without intersecting any mainland.
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PROCEDURE
 

DETERMINING SECCHI DISK VISIBILITY
 

REFERENCE
 
Lind, O.T. 1974. 
 Handbook of common methods in limnology. C.V. Mosby Company,


Saint Louis, pp. 22-23.
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VISIBILITY 

Visibility is a measure of the depth to which one 
may see into the water. Obviously this is variable with 
the day conditions and the eyesight of the observer, 
The Secchi disk (Fig. 6) i's a simple device used to esti-
mate this depth. It consists of a weighted circular 
plate, 20 cm in diameter, with the surface painted with 
opposing black and white quarters. It is attached to a 
calibrated line by a ring at the center so that when held 
by the line, it hangs horizontally. To determine the 
Secchi disk visibility, slowly lower the disk into the 
water until it disappears, and note this depth. Lower 
the disk a few more feet, then slowly raise it until it 
reappears, and note this depth. The average of these 
two readings is taken for the final Secchi disk visibility
depth. 

Loop to,line 

/ 


,v Painied 
,,hit.. 


Painted
v~hiie ,waler 

, ihicl ply.ood 
t0 chcle 
Aliaced e6gk (oead or 
;,anttobolom of dik 

Ftc. 6. The Secchi disk may be easily made from a 20.cm di
ameter metal or weighted wooden disk. Opposite quarters are 
painted gloss white and gloss black as shown. itis important
that the calibrated line be attached so that the disk hangs hori. 
zontally in the water iFrom Vivian, V. E.: Sourcebook for 
environmental education. St. Louis, 1973, The C. V. Mosby Co.) 

i'"I UAt I I%iNOI, 

The Secchi disk visibility is useful as a means of corn

paring the visibility of different waters, e',pecially when 
measured by the same observer. Since clearness of the 
day, position of the sun, roughness of the water, and 
the observer all are significant considerations, they 
should be recorded along with the visibility depth data. 
Most important is for an observer to establish a standard 
set of operating conditions for himself; for example, 
always take readings while standing, with or without 
glasses or sunglasses, on the lee side of the boat with 
the sun to the observer's back, sometime betwecn 
9:00 AM and 3:00 PMi. 

Since one of the more frequently used optical rela. 
tions in water studies is Ihe photc depth, or depth of 
1% surface illumination, some limnologists find itcon
venient to "calibrate their eye" to estimate photic depth 
by using only the simple Secchi disk. This is done by
accurately determining the true pholic depth by use of 
a submarine photometer and at the*same time taking a 

series of Secchi disk readings to obtain an average.Dividing true photic depth by Secchi disk visibility depth 
will obtain a factor by which Secchi disk visibility depthis multiplied. This factor is used in the future to estimate 

pholic depth when a submarine photometer is unavail. 

able. If this procedure is used over a range of differentconditions, one general factor may be developed
and a fair approximation of photic depth obtained. 

23 
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PROCEDURE
 

GLASSWARE WASHING
 

REFERENCE
 
Michigan State University Limnological Research Laboratory, 1983. Unpublished
 

memo on glassware washing procedures. East Lansing, MI. 2 pp.
 

P04 Glassware:
 

1) Rinse 3 times with distilled H20
 
2) Soak in 1:1 HCI (P04 
ONLY) bath for at least 5 hours
 
3) Rinse 3 times with distilled H20, once with deionized
 
4) Dry (protect from dust) and cap with aluminum foil
 

NOTE: 	 It may be necessary to periodically wash this glassware with
 
HOT 1:1 HCI
 

NH3 -N and Kjeldahl-N Glassware:
 

1) Soak in Liquinox-H20 solution, rinse with tap H20, drip dry

2) Soak in Chromic-Sulfuric Acid cleaning solution (Chromerge) for
 

15 minutes, rinse 3 times with distilled H20
 
3) Soak and store in O.IN HC1 until next use, rinse 5 times with
 

deionized H20 before use
 

NOTE: 	 Soak glassware stored dry in the 0.1N HC1 for 15 minutes
 
before use
 

N02-N, 	N02-NO3-N Glassware:
 

1) Soak in Liquinox-H20 solution, rinse with tap H20, drip dry
 
2) Soak in Chromic-Sulfuric Acid cleaning solution (Chromerge) for
 

15 minutes, rinse 3 times with distilled H20
 
3) Soak in the I N HC1 bath for 30 minutes, rinse 3 times with
 

deionized H20
 
4) Dry and cap with aluminum foil
 

Nalge Polypropylene Sample Bottles and Other Plastic Labware:
 

1) Rinse 3 times with distilled H20
 
2) Soak in 1 N HNO 3 bath for 15 minutes and rinse 3 times with
 

distilled H20
 
3) Sork in 1 N HC1 bath for 15 minutes and rinse 3 times with
 

deionized H20
 
4) Dry and replace cap or cap with aluminum foil for storage
 

./1 
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GLASSWARE WASHING (continued)
 

General Analytical Glassware (including other glassware not listed above):
 

1) Soak in Liquinox-H20 solution, rinse with tap H20, drip dry
 
2) Soak in Chromic-Sulfuric Acid cleaning solution (Chromerge) for
 

15 minutes, rinse 3 times with distilled H20
 
3) Soak in I N HNO3 bath for 15 minutes, rinse 3 times with
 

distilled H20
 
4) Soak in I N HC1 bath for 15 minutes, rinse 3 times with
 

deionized H20
 
5) Dry (protect from dust) and cap with aluminum foil
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PROCEDURE
 

MEASURING HYDROLOGIC CHARACTERISTICS
 

REFERENCE
 

Wood, J. W., 1974. Diseases of Pacific salmon: their prevention and treatment.
 
State of Washington, Department of Fisheries, Olympia, WA. 
 pp. 71-77.
 

EVAPORATION: 
 Each project team should purchase from a commercial source or hdve

constructed evaporation pans (3) to be floated and tethered on the surface of
 
the ponds. It is expected that this will 
provide the best estimate of the
 
evaporation rate at the pond surface. 
The pans should be of clear or white

plexiglas, lexan (polycarbonate) or polypropylene. The dimensions (ID)

should be approximately 70 (L) x 70 (W)x 25 (D) Lii with vertical sides. 
 A
 
volume of water should be added to each pan and the change in water depth

monitored over time. From the change in depth of water in the pans, pan area

and the rainfall measurements at the site, the evaporation rate per unit area
 
can be calculated. 
 The pans must not overflow or dry out between measurement
 
intervals.
 

INFLOW:
 

There are several ways to calculate the inflow into a 
pond. The following represent severid methods of 
determining the rate of water inflow 

Direct Measurement - This may be done b%'simply 
placing a coniainer of known volume under the spout 
and determining the time it takes to fill the container, 

Example: A 50-yallon drum is filled in 25 
seconds. 50 Qals/25 secs x 60 -enr- = 120 nnm 

Measurement from Table "Flow from Pipes" - This 
table (Table 2) was prepared by our engineers for 3 

rut enicient use OT this table, you should make up a 
wooden square, much like a carpenters square, with 
one leg (the Y leg) being either 9 or 16 inches long; the 
inside edge of the other leg (the X leg) should be 
marked off in 1 or 112inch increments and be long 
enough to measure any water flow that you encounter 
at your hatchery. 

In use, the X leg of the square is placed on top of the 
pipe in a position where the end of the Y leg just 
touches the top of the extruding "jet" of water. Next, 
refer to the table under the correct column listing the 
diameter of pipe and length of Y that you used; go 
A- ...... . ..... ....
 

- ...- -1 -t yww I1-Q .U4CJ, Cll ICdOJ dLFU5" lU tiltappropriate gpm column to determine fiow ingpm. 

and the length of the Y leg of the square is 16 
inches. When the end of the Y leg just touches 
the discharging water, the X leg extends out 
24 inches. Referring to the appropriate 
column, it may be seen that the flow is 
between 240 and 250 gpm. 
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MEASURING HYDROLOGIC CHARACTERISTICS (Continued)
 

Table - 2 

FLOW FROM PIPES 

x
 

Pipe 

-
Formula - 2.56 D2 X G" Y

f 2 56 02 

D = DIA. OF PIPE IN INCHES 

G = GALLONS PER MINUTE (gpm) 

4"Pipe 3 Pipe 4"Pipe 3" Pipe

Y=16" Y=16" Y=9 Y=9"
 

X gpfn X" gpn X" gpm X" gpm 

4.88 50 8.68 50 3.66 
 50 6.51 50 
5.86 60 10.42 60 4.39 60 7.81 60 
6.84 70 12.15 70 5.13 70 9.11 70
 
7.81 80 13.89 80 
 5.86 80 10.42 80
8.79 90 15.62 
 90 6.59 90 11.72 90 
9.77 100 17.36 100 7.32 i00 
 13.02 100 
10.74 110 19.10 110 8.06 
 110 14.32 110
 
11.72 120 20.83 120 
 8.79 120 15.23 120 
12.70 130 22.57 
 130 9.52 130 16.93 130
 
13.67 140 24.30 140 10.25 140 
 18.23 140
 
14.65 ISO 26.04 150 10.99 150 19.53 150
 
15.62 160 27.78 160 
 11.72 160 20.83 160 
16.60 170 29.51 170 12.45 170 
 22.13 170 
17.58 180 31.25 180 13.18 
 180 23.44 180
 
18.55 190 32.98 190 
 13.91 190 24.74 190
 
19.53 200 34.72 200 200
14.65 26.04 200
20.51 210 36.46 
 210 15.38 210 27.34 210
 
21.48 220 220
38.19 16.11 220 28.64 220
 
22.46 230 39.93 230 
 16.85 230 29.95 230 
23.43 240 41.66 240 240
17.58 31.25 240
24.41 250 43.40 250 18.31 250 
 32.55 250 
25.39 260 45.14 260 19.04 260 33.85 260

26.37 270 46.87 270 
 19.77 270 35.15 270 
27.34 280 48.61 
 280 20.51 280 36.46 280 
28.32 290 290
50.34 21.24 290 37.76 290
 
29.30 300 52.08 300 21.97 300 
 39.06 300 

1" x = 10.2 gpm I" x = 5.89 gpm I" x = 13.7 gpm I" x = 7.7 gpm 

X in every case equals inches and parts of inches. 

([
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MEASURING HYDROLOGIC CHARACTERISTICS (Continued)
 
Pipe Larger or Smaller than 3 or 4 Inches - The table 
is made up for only 3 inch and 4 inch diameter pipes
but the formula at the top of the page may be used for 
calculating the discharge. from any diameter pipe or for 
X measurements in excess of those listed in the table, 

Example: A pipe is 6 inches in diameter and 
running full of water. A square with a Y leg
16 inches long just touches the top of the 
discharging water when the X leg extends out 
30 inches. 

D =6 inches 

X =30 	inches
Y = 16 inches 
G = Flow in gpm 
G =2.56 D 2 X = (2.56) (6 x 6) (30) = (2.56) (36) (30) 

G = 	 Xis2 

G =691 gpm 

Note: A 6 inch pipe running full will deliver 4 
times the flow of a 3 inch pipe running full at 
the same X and Y.' 

Pipes not Level - The "Flow from Pipes" table (Table 
2) may be used even if the pipe is not horizontal(level). To be used correctly, however, you cannot use 
a square; the X leg is placed on top of the pipe but th. 
Y leg must extend directly down to the top of th eawater jet as in the diagrams below. The X reading is 
determined and the formula or table is used in the same manner as for a level discharge pipe. 

y 


pips 


Y 


Pipes not Full - The table (Table 2) and formula are
only applicable for direct use if the pipe is running full 
of water.* They may still be used with a pipe 	running 

partly 	full if a factor is used to compensate for the 
reduced flow resulting from the pipe only being
partially filled. The following table, entitled "Effective 
Area Factor" table (Table 3). is used for any size pipe
to find the effective area factor (EAF) after de
termining the ratio of the freeboard (F) to the
diameter (D) of the pipe. Freeboard, in this case, is the 
measurement in inches of that portion of the diameter 
of the pipe that is not full of water. Determine X and 
Y in the usual manner, find the theoretical flow (as if 
the pipe was running full) from the "Flow from Pipes" 
table or formula; then multiply the theoretical flow bythe effective area factor (EAF) to find the actual flow. 

Example: A pipe is 4 inches in diameter and 
running with only 3 inches of water, Y is 16 
inches and X is 24 inches. The free board (F) 

1 inch 	(4 inches minus 3 inches); therefore,the ratio of F to D (F/D) is 0.25. Looking at 
the "Effective Area Factor" table (Table 3)you can see that the EAF for an F/D of 
0.25 is 9.805. In the "Flow from Pipes"table (Table 2), the flow for X = 24 inches 
and Y = 16 inches would be about 246 
gpm if 	 the pipe was full. 

246 gpm X 0.805 - 198 gpm
 
Table 3
 
"Effective Area Factor" Table. For 
use in the calculation of 
flows thru pipes running partially full of water. 

FRD 	 "EAF FID EAF 
 FID EAF
 

0.00 1.000 0.23 0.826 0.37 0.664 
0.10 0.948 0.24 0.816 0.38 0.651 
0.11 0.939 . 0.25 0.805 0.39 0.639 
0.12 0.931 0.26 0.793 0.40 0.627 
0.13 0.922 0.27 0.782 0.41 0.614 
0.14 0.914 0.28 0,770 0.42 0.602 
0.15 0,905 0.29 0.759 0.43 0.589 
0.16 0.896 0.30 0.747 0.44 0.577 
0.17 0.886 0.31 0.735 0.45 0.564 
0.18 0.877 0.32 0.723 0.46 0.551 
0.19 0.867 0.33 0.712 0.47 0.538 
0.20 0.858 0.34 0.700 0.48 0.526 
0.21 0.847 0.35 0.688 0.49 0.513 
0.22 0.837 0.36 0.676 0.50 0.500 

Notc 	 For 6 inch pipes, the following factors may be used 
instead of Table 3 for obtaining flows from the 3 
inch pipe table: 

Full 6" pioe - 4 times 3" pipe full5/6 Full 6" pipe - 3.5 times 3" pipe full 
3/4 Full 6" pipe - 3.4 times 3" pipe full 
2/3 Full 6" pipe - 2.8 times 3" pipe full 
1/2 Full 6" pipe - 2.0 times 3" pipe full 



-- 
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MEASURING HYDROLOGIC CHARACTERISTICS (Continued)
 

Table 4 DISCHARGE IN CUBIC FEET PER SECOND (cfs) AND 

vvcarb, t I HtI: FKANUIS FORMULA: 0 = 3.33 H 3/2 

Depth on Discharge per Depth on Dischatge perCrest Foot of Weir Crest Crest(inches) Foot of Weir Crestcfs gpm (inches) cfs gpn 
1/2 
 .03 13 
 6 
 1.18 528
3/4 
 .05 24 1/4 1.25 562
1 
 .08 36 
 1/2 1.33 596
1/4 
 .11 50 3/4 1.41 631
1/2 
 .15 66 7 
 1.48 6653/4 
 .19 83 1/4 1.56 702
2 
 .23 102 
 1/2 1.65 738
1/4 
 .27 122 
 3/4 1.73 776
1/2 
 .32 142 
 8 1.81 814
3/4 
 .36 164 
 1/4 1.90 853
3 
 .42 187 
 1/2 1.98 890
1/4 
 .47 211 3/4 2.07 930
1/2 
 .53 236 
 9 2.16 971
3/4 
 .58 262 1/4 
 2.25 1,0124 
 .64 287 
 1/2 
 2.35 1,0531/4 
 .70 315 
 3/4 2.44 1,0961/2 
 .77 343 10 2.53 1,136

3/4 
 .83 372 1/4 
 2.63 1,1795 
 .90 402 
 1/2 
 2.73 1,2231/4 
 .97 433 
 3/4 2.82 1,2681/2 
 1.03 463 11 2.92 1,3123/4 
 1.10 495 1/4 3.03 1.358 

1/23/4 3.12 1,4013.23 1.448The above table is to be used for measuring the dis- 12 3.33 1,495 
charge of water over damboards or other similar weirs.
 
For practical purposes the width of 
a damboard fits the

description of a shaW-crested weir. The discharge 
 must
be free falling to use this table. In practice the depth
 
on 
 the weir crest is measured to the top of the curl
(see diagram) on the leading edge of a yardstick whenthe yardstick is placed on the leading edge of the top

damboard. After measuring the depth 
 -.
 

on the crest, refer
 
to the table and multiply the flow in 
 gpm by thelength of the weir in feet. 

.. ' 

Example: A weir is 41 inches long and the depth .
 
on the crest is 1 3/4 in.The flow is: 

I18 L 
3.42 X 83 = 284 gpm 

(41 inches = 3.42 feet)
 

C(
 



F-30
 

MEASURING HYDROLOGIC CHARACTERISTICS (Continued)
 
Table 5
 

WATER DISCHARGE DOWN DRAIN SUMPS
 

12" diam = 3.14' crest 
10" diam = 2.62' crest 
8" diam = 2.09' crest 
6" diam = 1.57' crest 

Flow in gallons per minute 
Depth on 

Crest 
(inches) 12" Sump 10" Sump 8" Sump 

1/2 42 3ci 28 

3/4 70 *:.' 47 


1 113 941 75 

1/8 141 118 94 

1/4 155 129 103 


3/8 183 153 122 

1/2 211 176 141 


5/8 240 200 160 

3/4 268 224 179 

7/8 296 247 197 


2 324 271 216 

1/8 352 294 235 

1/4 381 317 254 

3/8 423 353 282 

1/2 451 376 301 


5/8 479 400 320 


3/4 522 435 349 

7/8 564 470 376 


3 592 494 394 


Measr' here 

Note: Water must be freely discharging at all 
times down the sump; "blowback" will result in 
increased depth and measurement will be mean-. 
ingless. Depth of water is taken by standing 
yardstick on lip. of standpipe and measuring 
depth to top of water curlback on leading edge 
of yardstick. 

6" Sump 

21
 
35
 
57
 
70
 
78
 
92
 
106
 

120
 

134
 

148
 
162
 

176
 
190
 

211
 

225
 
240
 

261
 

282
 

296
 

T BLE 5 
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MEASURING HYDROLOGIC CHARACTERISTICS (Continued)
 

Measurement in Open Channels and Streams - An Measurement from Pond Refill Time - The rde ofapproximation of fair accuracy of the flow in a water inflow to a pon(I may also lie measurer| bychannel or stream can be made with relatively little determining the time necessary to refill a portion ofeffort. You will need to measure off a length of the pond's volume. The method is valid providingthe stream, preterable 100 ft; determine the average no water leaves the pond during the refill period; ifdepth through this section (consider the entire the pond leaks, you can't use this method.length and width of the stream); and, determine the method, however, may 
This 

be the only one available to average width of this section of stream. You will you
then 

if the water enters the pond through the up.need to time the passage of a wood chip or welling chamber or through a flume or ditch atfloat through the length of this section. The follow. ground level. 
ing formula is then used to calculate the volume
flow in cu ft/sec (cfs). 

of 
It is necessary that the surface area of the pond be 

S_WDal calculated. The pond is then drained down to a
T predetermined level below the tup of the standpiipc 

then allowed to refill. FromWhere: a = volume of flow the volume of waterin cubic feet/sec (cfs) necessary to refill the discharged water, and the
W =average width of stream section in feet time necessary to do so. it is easy to calculate the
D = average depth of stream section in feet rate of inflow.
 
a = constant factor depending on type o
 

stream bottom, use: 
 Example: In a standard pond 80 ft long by
a 0.9 for smooth sand, etc. 

= 20 ft wide. the water is drained down 1 ft a 0.8 for rough rocks, etc. below the top of the standpipe. It takes 35 
L = length of stream section measured minutes to replace this top 1 ft of water. 
T time in seconds for wood chip or float to Area of pond: 80 ftx 20 ft = 1,600 sq ft 

travel the measured distance 

Volume of top 1 ft: 1 It x 1,600 sq ft =Example: Suppose we find only a 50.foot 1,600 
cu ft; or, 7.48 gals/cu ft x 1,600 cu ft

length of stream-that appears to have a 11,968 gals
 
uniform channel. By a series of measure.
 
ments we determine the average depth to 
 Rate of inflow: 11.969 gals/35 mins = 342
)e 2 feet and the average width to be 15 gpm
 
feet. The bottom of the stream is mostly
 
rocks and coarse gravel. We drop a wood
 
chip at the upper end of the 50-foot sec
tion and 
 find that it takes 65 seconds for
 
the chip to reach the lower end of the section.
 
Therefore;
 

W= 15 ft 
D =2 ft
 

a= 0.8
 
L = 50 ft
 
T 65 secs
 

Q 15 ft x 2 ft x 0.8 x 50 ft 1200cuft 

65 secs 65 secs
 
= 18 cfs (approx)
 



F-33
 

MiINLLI I IAL Mt I M'UU 

DISSOLVED OXYGEN
 

REFERENCE
 
American Public Health Association, 1980. 
Standard methods for the examination of
water and waste water, 15th ed. APHA, Washington, D.C. pp. 388-399.
 

421 OXYGEN (DISSOLVED) 
Dissolved oxygen (DO) levels in natural iodometric method' is a iitimetric proce

and wastewater,, depend on the physical. dure based on the oxidizing property of 
chemical. and biochemical activities in the Do while the membrane electrode proce
waler hody. The analysis for DO is a key dure is hased on the rate of diffusion of 
lest in water pollution and waste treatment molecular oxygen across a membrane.; 
proces. control. The choice of test procedure depends on 

TAuo methods for DO analy,,i, are de- the interference%present, the accuracy de
scribed: the Winkler or iodometric method sired, and. in some cases. convenience or 
and its modifications and the electrometric expedience. 
method using membrane electrodes. The 

421 A. lodometric Methods 
1. Principle irometrically. with potentiometric or 

Improved by variations in technic and dead.stop technics.:' Experienced analysts
equipment and aided by instrumentation. can maintain a precision of "50 ,ug/L with 
the iodometric test remains the most pre- visual end-point detection and a precision
cise and reliable titrimetric procedure for of ."5 g/L with electrometric end-point 
D)0 analysis. The lest is based on the addi- detection.--" 
tion of divalent manganese solution, fol- The liberated iodine also can be deter
lowed by strong alkali. to the sample in ; mined directly by simple absorption spec
glass-sloppered botle. DO rapidly ox,- trophuchometers.' This melhod can be used
 
dizes an equivalent amount of t, e dis-
 on a routine basis to provide very accurate
 
persed divalent manganous hydtiox ,' pre-
 estimates fur DO in the microgram-per-lit. 
cipiltie to hydooxides of higher i~cV er range provided that intifering particu

t..-s. In the presen'e 0" iod~id ns and late maller, color. and chemical inter
aciditicalion. the oxidized mangane.,e re- icii'es are absent. 
%erls io the divalent statc, with the libera
lion o'iodine :quivalen it) the original DO 2. Selection of Method 
content. The iodine is then titraled with a Before selecting a method consider the 
standard solution of thiosull'ale. eflect of interferences, oxidizing or reduc. 

The tilration end point can be detected ing materials that may be present in the 
visually, with a starch indicator, or clec- sample. Certain oxidizing agents liberate 

('
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OXYGEN (DISSOLVED)Iodometric Methods 389 

iodine from iodides (positive interference) cation (B) effectively removes interand some reducing agents reduce iodine to ference caused by nitrite, which is the
iodide (negative interference). Most or- most common interference in biologically
ganic matter is oxidized partially when the treated effluent% and incubated BOD samoxidized manganese precipitate is acid- pies. Use [he permanganaic modification
ified. thus causing negative errors. (C) in the presence of ferrotus iron. WhenSeveral modilications of the iodomctric (he sample conlain, .Sor more mg ferric
method are given to minimize the effect of iron salts/L. add potassitim fluoride (K F)interfering materials.2 Among the more as the first reagent in the azide modifica
commonly used procedures are the azide Lion or after the permanganate treatment
modification,1 the permanganate modifica- fir ferrous iron. Alternately. eliminale
tion.1 the alum flocculation modification.: Fe(li) interference by using 85-87%
and the copper sulfate-sulfamic acid floc- phosphoric acid (H.,PO) instead of sulfti.culation modification."-" The azide moditi. ric acid (H1SO.) for acidification. This pro

i

'.,n Copper Tubmgi1 

e Thermometer Ctin 

C 

C]
 

. .*n Aitber Gaisket 

Copper Ti;bin' - 'in. Brass RL'
 

C 

-he T o e r 
Hainde Eye - Tiihe Open 

ct (I in Dim. 
n~r High) 

1 (Brazed to Co,,er 

Thermometeor 

Figure 421: 1. DO0 anid 1101) "mpler ussenhh). 
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390 
 INORGANIC NON-METALS (400) 

cedur has not been tested for Fe(lll) con- time% its volin: and replace lopper soi 
cenlrations above 20 rg/l., that ni air hubbles ;ire enitained. 

Use the alum flocculation modification Suitable samplers for streams. ponds,or 
(D) in the presence of suspended solids tanks of moderae depth afe of the APHA
that cause interference and the copper %ul- :vpe shown in Figure 421 I Use a Kern
lfale-stilfamic acid flocculaion modifica- merer-lype :imiplei for sainrles collected 
lion (E)on activated-sludge mixcd liquor. from depths greater than 2 m. Bleed 

sample frum bultom of sampler through a3. Collection of Samples tube extending to hollom of a 250- to 300-
Collect samples very carefully. Meth- niL BOD bottle. Fill bottle to overflowing

ods of sampling are highly dependen t on (overfluw for approximately IU set). and source to be sampled and, to a certain ex- prevert turbulence and formation of hub
tent. on method of analysis. Do not let bles while lilting Record sample tcmper
sample remain in contact with air or he lture to nearest degree Celsius or more 
agitated, because either condition causes a, precisely. 
change in its gaseous content. Samples 
from any depth in streams. lakes. or reser- 4 Preservaton of Samples

voirs. and samples of boiler water, need 
 Determine D) irnmediatelv on all sam
special precautions to eliminate changes in pies containing an appreciable oxygen or 
pressure and temperature. Procedurcs and Iodine demand. Saimples %%i'h no iodine 
equipment have been developed for sam- demand may be stored for a few hours 
pling waters under pressure and uncon- ,ilhoit change after addition of' manga
fined waters (e.g.. streams, rivers, and now,, sulfate t NIriS),1 solution alkali-io
reservoirs). Sampling procedures and 
 ide siiition. and fl:.SO,. followed by
equipment needed are described in Amen- sh:,k,ng in rI.. ui,sal Proleclway. stored
 
can Societ\ 
for Testing and Materials Spe- ..,nplc from srrong ,iinlight ;and ti .ise is
 
cial Technical Publication No 148-1 
and oton ;is possible.
 
in U.S. Geological Survey Water Suppl% 
 [or samr,les v ih ian iodine demand.
 
Paper No. 1454. 
 rseserve for 4 F. hr by adding 0.7so ml. 

Collect ,urfice waler samples in nil - &stnn-1 .S(.), ;and I fil. sodium azide solu
row-mouth glass-stoppered LOD bottles rsos(2 g N',iN',,I) ml. distilled water) to 
of 300-mL. capacity with tapered !.e Thisand OD bottle will arrest biological
pointed ground-glass stoppers flared andand acltvit, mainlain DO if the bottle is 
moutLihs. Avoid entraining or dissolvsng at- -:orcd at the !ctperamr of ollection or 
mopheric oxygen. In sampling from a line %,.uier-sealesfand kept at 10 to 2(0 C As 
under pressure, attach a glass or rubber possible. complete the procedure.%oon;i,, 
tube to the tap and extend to bottom usig 2 ml.of MnS(), solution. .3 mL alkali
bottle. Let bottle overflow two or three iodide ,olution. and 2 ml. ,onc H.So4 . 

421 B. Az:de Modification
 
1. General Discussion p-cialll it ,any s cut.oi more tl i:, 11 

,,g No.. -Nil. .inl no! more than I nr:ite! 
Use the azide modification for mosi .,us iron/t. ,l,..rieducing ,iroxid,,ing 

, .,ge. effluent, and stre:tm ,,;timples. e materi.ils ,,ht .ci:t IfI ii;.K F .isii ne al-



F-36 

DISSOLVED OXYGEN. (continued)
 

OXYGEN (DISSOLVED)/Azide Modification 391 

lution is added before the sample is acid- lion. when a pale straw color is reached.
ilied and there is no delay in titration, the When the solutions are of equal strength,
method is applicable in the presence of 100 20.00 mL 0.0250N Na.S.O, should he re
to 200 mg fetric iron/L. quired. If not. adjust the Na.S.(), solution
2. Reagents to 0.0250N. 

2'. IPolas.tilil 1orideu .dui n: I)is
a. Man.,anoti. su fiie .',/ tion: Dis- solve 40 g KF.2H.;O in distilled water and

solve 480 g MnSO,.4H..O. 4(10 g dilute to 100 mL. 
MnSO 4.2HO. or 364 g MnSO,.H.O in dis
tilled water, filter, and dilute to I L. The 3. Procedure 
MnSO, solution should not give a color i. To the sample collected in a 250- towith starch when added to an acidified po. 100-mL bottle, add I mL MnSO, ,olution.
tassium iodide (KI) solution. followed by I mL alkali-iodide.azide reb. Alkali-iodide-azide reagent: Dis- agent. If pipets are dipped into sample,
solve lOg NaN, in 500 mL distilled water, rinse them before returning them to re-
Add 480 g sodium hydroxide (NaOH) and agent bottles. Alternatively. hold pipet750 g sodium iodide (Nal). and stir until tips just above liquid surface when addingdissolved. There will be a white turbidity reagents. Stopper carefully to exclude airdue to sodium carbonate (Na.CO). but hubbles and mix by inverting bottle a few
this will do no harm. CAUTION-Do not times. When precipitate has settled sutfiacidify this sohtion because toxic hydra- ciently (to approximately half the bottle 
zoic a'idfunes may he preducced. volume) to leave clear super.ate above c. Sulfuric acid. H..SO,. conc: One mil- the manganese hydroxide floc. add 1.0 mILliliter is equivalent to about 3 ml. alkali- conc H.SO,. Restopper and mix by in
iodide-azide rezigent. verting several times until dissolution isd. Starch: Use either an aqueous .olu- complete. Titrate a volume corresponding
lion or soluble starch powder mixtures, to 200 mL original sample after correction

To prepare an aqueous solutton. dis- fot sample loss by displaciritnl with lesolve 2 g laboratory-grade soluble starch agents. Thus. for a total of 2 mL H1:nI.
and 0.2 g salicylic acid. a, a preservative, each) of MnSO, and alkali-iodide-azide 
in 100 mL hot distilled water. ieagents in a 300-mL. bottle, titrate 200 x 

e. Standard sodtin thIi.u ite fitreit: 300/1(300-21 = 201 mL.
Dissolve 6.205 g Na2S.O.SHO in distilled b. Tritrate with 0.025tIN Na:S 0, solowater. Add 1.5 mL 6N NaOH or 0.4 g sol- lion to a pale straw color. Add few drops
id NaOH and dilute to 1.000 mL. Stan- of starch solulion and continue litrtlion todardize with bi-iodate solution. lirst disappearance of biuC colo1. If c'nd

J Standard pota.%shit hi-ijuhae solo- point is ove, run. back-titrate with i0.(1250,V
lion, 0.0250N: Dissolve 812.4 mg bi-iodate solution added dropwst,. t, t hyKH(1.0,), in distilled water and dilute to adding a measured volume of treated
1.000 mL. sample. Correct for amount of hi-iodatle 

Standardization: Dissolve approximate- solution or sample. Disregard -,uhset/ueritly 2 g KI. free from iodate. in an erlen- recolorations due to the catalytic effet of 
meyer flask with 100 to 15( mL distilled nitrile or to traces offferric salts that lh;tc
water. Add I mL 6N H.,SO, or a few drops not been complexed sith tlioride. 
of conc H.SO, and 20.(0 ml. standard bi
iodate solution. Dilute 
to 200 mL and ti- 4. Calculation 
trate liberated iodine with thiosulfate fi- a. For titration of 200 mL sample. I ml. 
trant, adding starch toward end of titra- 0.025(IN Na.,S.O, = I mg DO/I.. 
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TANI.I.421:1. SOLU14II.II y OF OXYGtN IN WA I i.hR ExtosmD 10 WAI IR.SAIURAII ) AIR" 

Chloride Concentration in Water 
Tempcrature mgll. 

0 5.0)0 10.000 150.M 20.000 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 
I0 
I 1 
12 
13 
14 
15 
16 
17 
18 
19 
211 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

14.160 
14.19 
13.81 
13.44 
13.09 
12.75 
12.43 
12.12 
11.83 
11.55 
11.27 
11.01 
10.76 
10.52 
10.29 
10.07 
9.85 
9.65 
9.45 
9.26 
9.17 
8.90 
8.72 
8.56 
8.40 
8.24 
8.09 
7.95 
7.81 
7.67 
7.54 
7.41 
7.28 
7.16 
7.05 
6.93 
6.82 

13.72 
13.35 
12.99 
12.65 
12.33 
12.02 
11.72 
11.43 
11.16 
10.90 
10.65 
10.40 
10.17 
9.95 
9.73 
9.53 
9.33 
9.14 
8.95 
8.77 
8.60 
8.44 
8.28 
8.12 
7.97 
7.8.1 
7.69 
7.55 
7.42 
7.30 
7.17 
7.05 
6.94 
6.82 
6.71 
6.61 
6.51 

12.90 
12.56 
12.23 
11.91 
11.61 
11.32 
11.05 
10.78 
10.53 
10.29 
10.05 
9.83 
9.61 
9.41 
9.21 
9.01 
8.83 
865 
8.48 
8.32 
8.16 
8.(0 
7.85 
7.71 
7.57 
7.44 
7.31 
7.18 
7.06 
6.94 
6.83 
6.71 
6.61 
6.50 
6.40 
6.30 
6.20 

12.13 
11.81 
I 1.51 
11.22 
10.94 
10.67 
10.41 
10.17 
9.93 
9.71 
9.49 
9.28 
9.08 
8.89 
8.71 
8.53 
8.36 
8.19 
8.03 
7.88 
7.73 
7.59 
7.45 
7.32 
7.19 
7.06 
6.94 
6.83 
6.71 
6.60 
6.49 
6.39 
6.29 
6.19 
6.10 
6.01 
5.92 

11.41 
II II 
10.83 
10.56 
I(. '() 
10.05 
9.82 
9.59 
9.37 
9.16 
8.96 
8.77 
8.58 
8.41 
8.24 
8.07 
7.91 
7.78 
7.61 
7.47 
7.33 
7.20 
7.07 
6.95 
6.83 
6.71 
6.60 
6.49 
6.38 
6.28 
6.18 
6.08 
5.99 
5.905 
5.81 
5.72 
5.64 

At a total pressure of 101.3 kPa. Under any other barometric pressure. i'. ohlain the solubility.S (mgIL) from the corresponding value in the table by the equation: 

760 - 1,in which S is the solubility it101.3 kPa and p is the pressure (mm) of saturated water vapor at thewater temperature. For elevations less than IXXI m and temperatures below 25 C. ignore p,.The 
equation then becomes: 

I,.S'= .S S p
7641 29.92 

Dry air is assumed to contain 20.9(Yr oxygen. (Calculations made by Whipple and Whipple. 1911.
J. Amer. Che'm. So'. 33:362,1 
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TABLE 421:1. SOLUBILITy OF OXYGEN IN WATER ExPOsED To WATER-SATUKATEI) Aik" 

Chloride Concentrdalion in Water 

Temperature . 

C 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

.,,/L 

0 5.000 

6.71 6.40 
6.61 6.31 
6.51 6.21 
6.41 6.12 
6.31 6.03 
6.22 5.94 
6.13 5.85 
6.04 5.77 
5.95 5.69 
5.86 5.61 
5.78 5.53 
5.74) 5 45 
5.62 5 38 
5.54 5.31 

b. To obtain results in milliliters oxygen 
gas per liter, corrected to 0 C and 101.3 
kPa, multiply mg DO/L by 0.70. 

c'. To express results as percent satura-
lion at O.3Pa. use the solubility data in 
Table 421:1. Equations for correcting sol-
ubilities to barometric pressures other 
than mean sea level are given below the 
table. 

5. Precision and Accuracy 

DO can be determined with a precision. 

tflAIL 

10.)0 15.000 20.(X1 

6.11 5.83 5. 91 
6.02 5.74 5 48 
5.93 5.66 5.4() 
5.84 5.58 5.13 
5.76 5.50 5.25 
5.68 5.42 5 18 
5.60 5.35 5.11 
5.52 5.27 5.04 
5.44 5.20 4.98 
5.37 5.13 4 91 
5.29 5.06 4.85 
5.22 5AX) 4.78 
5.15 4.93 4.72 
5.08 4.87 4. h 

expressed as a standard deviation. ,'r 
about 20 ,ug/L in distilled water and about 
60 .sgd. in wastewater and secondary c. 
flucnts In the presence of'appreciable in. 
terference. even with proper modilica
lions, the slandard deviation may he as 
high as 100/ g/L Still greater errors ma, 
occur in testing waters having organic sis
pended solids or heavy pollution. Avoid 
errors due io carelessness in collecting 
samplte. piolonging the completion of 
test. or selecting an unsuitable modilica

lion. 

421 C. Permanganate Modification 

1. General Discussion 

Use the permanganale modification on-
ly on samples containing ferrois iron. In-
terference from high concentrations of fer-
ric iron (up to several hundred milligrams 
per liter), as in acid mine water, may be 
overcome by the addition of I mL potas-
sium fluoride (KF) and azide, provided 

that the final titration is made immediately 
after acidification. 

This procedure is ineffective for oxida
lion of sulfite. thiosulfate, polythionale. or 
the organic matter in wastewater. The cr
ror with samples containing 0.25/, by vol
ume of digester waste from the manufac
lure of sulfite pulp may amount to 7 to 8 
mg DO/L. With such sample, use the al



F-39
 

DISSOLVED OXYGEN (continued)
 

394 
 INORGANIC NON-METALS (400) 

ka=li-hypochlorite modification."' At best. lution. Mix inthe darkwell and let stand 
howevcr. the ktter procedure gives low to facilitate the reaction. Excess oxalate 
results, the deviation amounting to I mg/t. causes low results: add only an amount ol 
for samples containing 0.25%. digester KC..O, that completely decolorizcs the 
s,as tes. KMnO, without having an excess of more 

than 0.5 ml.. Complete decolorization in 2 
2 Reagents to 10 min. If it is impossible to decolorize 

All he rea g en t s,r eq u ire d for M e lho d H. theo f sample without adding a large excessxa t e h DO r s l wi l e i n
and in addition: of oxalate. the DO result will he in

accurate. 
I)i..solsL 6.3 in C. From Ihi, point the procedure closeg KMnO, distilled dtu Ip ti . 
and dilul to I 1.. 

o 
y parallels that inSection 421B.3. Add I 

h| PuIl.I sh'i "xnlIt r'l. ,lIuiu,. Di s- ml. MnSO, solution and 3 mL- alkali-io
sol ..2 g K.c.O,.'O in I(X) mL distilled dide-azide reagent. Stopper. mix. and letsole: I mL w..i educ aboutN1.mLw;=icr : I m L w ill re duce abou t I pistiler precipitate settle a short time: acidify with.I m L pe r- 2 m . o c Hmanga=nate s'olution. , W e 0 7 mi a i d Iml. cone H:SO4 . When 0.7 ml. acid. I

KMnO, solution.ml. I ml. K=(..C=O, soli
3. Procedure lion. I ml. MnSO, solution. and 3 mL al

kali-iodide-azide (or a total of 6.7 mL re
i. To a sample collected in a 25(0- io agents) are used in a 3(X)-mL bottle. take 

3.ml.hotile add. below the sut"lice. 0.70 2()N x 3(X)/(300 - 6.7) = 205 mL for litra
ml. conc H.;SO,. I ml. KMnO, solution, lion. 
and I ml. KF solution. Slopper and mix This correction is slightly in error be
by inversion. Never add more Ihan 0.7 mL cause the KMnO, solution is nearly salu
conc H.SO, as the first step of pre- rated with DO and I mL would add about 
Irealment. A3ld acid with a l-mL pipet 0.(X)8 mg oxygen to the DO bottle. How
graduated to 0.1 mL. Add sullicient ever. because precision of the method 
KMnO, solution to obtain a violet tinge (standard deviation. 0.06 mL thiosulfite 
that persists for 5 min. If [he per- titration, or 0.012 mg DO)is (YZ greater
nianganate color is destroyed in a shorter than this error, a correction is unneces
time. add additional KMnO, solution, but sary. When substantially more KMnO, so
avoid large excesses. lution is used routinely, use a solution sev
h. Remove permanganale color com- eral times more concentrated so that I mL 

pletely by adding 0.5 to 1.0 mL K(.'O, so- will satisfy the permanganale demand. 

421 D. Alum Flocculation Modification 
1.General Discussion 2. Reagents 

Samples high in suspended solids may All the reagents required for the azide 
consume appreciable quantilies of iodine modificauion (Section 421B.2) and in addi
in acid solution. The interference due to lion: 
solids may be removed by alum Iloccula- it. AlunI .spition:Dissolve 10 g alumi
(ion. num potassium sulfate, AIK(SO4 ). I2H2O. 

IL~
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in distilled water and dilute to 100 mL. 
b. Ammonium hydro.%ide. NHOH, 

cone. 

3. Procedure 
Collect sample in a glass-stoppcred 

bottle of 500 to 1,000 mL capacity. using 
the same pre.cautions as for regular DO 

samples. Add 10 mL alum solution and I 
to 2 mL cone NH 4OH. Stopper and invert 
gently for about I min. Let sample settle 
for about 10 min and siphon clear super
nale into a 250- to 300-mL DO bottle until 
it overflows. Avoid sample aeration and 
keep siphon submerged at all times. Con
linue sample treatment as in Section 
421B.3 or an appropriate modification. 

421 E. Copper Sulfate-Sulfamic Acid Flocculation Modification 
1. General Discussion 

This modification is used for hiological 
flocs such as activated sludge mixtures. 
which have high oxygen utilization rates. 

2. Reagents 

All the reagents required for the azide 
modificatioo (Section 421 B.2) and. in ;,ddi-
tion: 

Copper ul.aJ'te-sufiiin acid inilpinir 
soltion: Dissolve 32 g technical-grade 
NH.SO2OH without heat in 475 mL dis-
tilled water. Dissolve 50 g CuSO,.5H) in 
500 mL distilled water. Mix the two solu
tions and add 25 ml. conc acelic acid. 

3. Procedure 

Add 10 mL CuSO , -NH1 SOjOH inhib
itor to a I-L glass-stoppered bottle. Insert 
bottle in a special sampler designed so that 
bottle fills from a tube near bottom and 
overflows only 25 to 50% of bottle capac
.ity. Collect sample, stopper, and mix by 
inverting. Let suspended solids settle and 
siphon relatively clear supernatant liquoi 
into a 250- to 300-mL DO bottle. Continue 
sample treatment as rapidly as possible by 
the azide (Section 421B.3) or other appro
priate modification. 

421 F. Membrane Electrode Method 

1. General Discussion 

Various modifications of the iodometric 
method have been developed to eliminate 
or minimize effects of interferences. nev-
ertheless. the method still is inapplicable 
to a variety of industrial and domestic 
wastewaters." Moreover. the iodometric 
method is not suited for field testing and 
cannot be adapted easily for continuous 
monitoring or for DO determination% in 
situ. 

Pol.rographic methods using the drop
ping mercury electrode or the rotating 
plalinum electrode have not been reliable 
always for the DO analysis in domestic 
and industrial wastewaters because impu
rilies in the test solution can cause dcec-
Irode poisoning or other interfercnces.'' 
With membrane-covered electrode sys
tems these problems are minimized. be
cause the sensing element is protected by 
an oxygen-permeable plastic menbiine 
that serves as a diffusion barrier ;lg9.1sIi1 

, 1 

http:CuSO,.5H
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impurities.' - ' " Under steady-state condi- available in some variety. In all these in
tions the current is directly proportional to strumcnts the "difriision current" is lin
the DO concentration.* early proportional to the concentration ol 

Membrane electrodes of the polaro- molecular oxygen. The current can be 
graphic" as well as the galvanic's . type converted easily to concentration units 
have been used for Do) measurements in (e.g.. milligrams per liter) by a number of 
lales and reservoirs.' for stream survey calibration procedures. 
and control of industrial effluents.'"..' for Membrane electrodes exhibit a relative
continuous monitoring of DO in activated ly high temperature coefficient largely due 
sludge units.2 " and for estuarine and to changes in the membrane per
oceanographic studies)' Being completely meahility.'" The effect of tempeiature on 
submersible, membrane electrodes are the electrode sensitivity. (h (microamperes 
suited for analysis in silu. Their portability per milligram per liter), can be expressed 
and ease of operation and maintenance by the following simplified relationship:"; 
make them particularly convenient for 
field applications. In lahoratory investiga- log d = 0.43 nit - h 
lions. membrane electrodes have been 
used for continuous DO analysis in bacte- where: 
rial cultures, including the HOD test."--"- i = temperature. degrees C. 

Membrane electrodes pr 'ide an ex- in = constant that depends on the mem
brane material. andcellent method for DO analysis in polluted h = constant that largely depends on 

waters, highly colored waters, and strong membrane thickness. 
waste effluents. They are recommended 
for use especially under conditions that If values, of ,Iand ill are determined for 
are unfavora'ble for use of the iodometric one lemperaltire (eu,, and ta). it is possible to 
method, or when that test and its modifi- calculate the sensitivity at any desired 
cations are subject to scrious errors temperature ((b and ) as follows: 
caused by interferences. 

a. Principle: Oxygen-sensitive mem- log i = log (b,, + 0.43 ,n ( - 1,)
brane electrodes of the polirographic or
 
galvanic type are composed of two solid 
 Nomographic charts for temperature cor
metal electrodes in contact with support- rection can be constructed easily and are 
ing electrolyte separated from the test so- available from some manufacturers. An 
lution by a selective membrane. The basic example is shown in Figure 421:2. in 
difference between the galvanic and the which. for simplicity. sensitivity is plotted 
polz'rographic systems is thatl in the former versus temperature in degrees Celsius on 
the electrode reaction is spontaneous semilogarithmic coordinates. Check one 
(similar to that in a fuel cell). while .!,, the or two points frequently to confirm origi
later an external source of'ipplied voltage nal calibration. It calibration changes. the 
is needed to polarize the indicator lec- new calibration should be parallel to the 
trode. Polyethylene and fluorocarbon original, provided that the same mem
membranes are used commonly because brane material is used. 
they are permeable to molecular oxygen Temperature compensation also can he 
and are relatively rugged. mzde automatically by using thermistors 

Membrane electrodes are commercially i. '*1te electrode circuit." However. ther
mistors may not compensate fully over a 

-Fundamentally the current isdirccttl propotionalit, wide temperature range. For certain appli
the activity or molecular oxygen. cations where high accuracy is required. 
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Figure 421:2. Effect of temperature on electrode 
sensitivity. 

use calibrated nomographic charts to cor-
rect for temperature effect. 

To use the DO membrane electrode in 
estuarine waters or in wastewaters with 
varying ionic strength. correct for effect of 
salting-out on electrode sensitivity.-.'" This 
effect is particularly significant for large 
changes in salt content. Electrode sensi-
ivity varies with salt concentration ac-

cording to the following relationship: 

tog 0, = 4 100.43 tg, 

where: 

',-. do = 

= 

-,= 

sensihivities in salt solution and dis-
tilled water, respeciively. 
salt concentration (preferably ionic 
s(rength), and 

constant (salting-out coefficient). 

If 0,, and i, are determined, it is possible 
to calculate sensitivity for any value ofCs. 

Conductivity measurements can be used 
to approximate salt concentration (C,). 
This is particularly applicable to estuarine 
waters. Figure 421:3 shows calibration 
curves for sensitivity of varying salt solu-
lions at different temperatures. 

b. Inierference: Plastic films used with 

membrane electrode systems are per
meable to a variety of gases besides oxy
gen. although none is depolarized easily at 
[he indicator electrode. Prolonged use of 

membratne electrodes in waters containing
such gases as hydrogen sulfide (H,S) tendsto lower cell sensitivity. Eliminate this in

terference by frequently changing and 
calibrating the membrane electrode. 

c. Sampling: Because membrane elec

trodes offer the advantage of analysis in 
situ they eliminate errors caused by 
sample handling and storage. If sampling 
is required, use the same precautions SUg
gested for the iodometric method. 

2. Apparatus 

Orygen-sensitive ,enmhrane electrode. 
polarographic or galvanic, with appropri
aie meter. 

3. Procedure 
a. (alihration: Follow manufacturer's 

calibration procedure exactly to obtain 
guaranteed precision and accuracy. Gen
erally. calibrate membrane electrode% by 
reading against aiior a sample of known 
DO concentralion (determined by iodo

metric method) as well as in a sample NAith 

S,11 Conteni. (nlg LI 10CS 


Z,5 0 00f 50 100 150 200
 
.--

E 30 UOc 

E - T25 I9 C
 
3 20 19 40C
 
5• - 13 50C
 

c 8 0.-2 
1. • :. • -!- 8 

05-- -1--. 

0.0 0.5 1.0 1.5 20 25 30 
Sal:Conleni, CS (M KCI:Lj 

Figure 421:3. The salting-out effect at dlflerent 
temperatures. 
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zero DO. (Add excess sodium sulfite. h. Sample mea'urement: Follow all 
Na..SO 3 . and a trace of cobalt chloride. precautions recommended by manufac-
CoCl. to bring DO to zero.) Preferably lurer to insure acceptable results. Take 
calibrate with samples of waler under test. care in changing membrane to avoid con-
Avoid an iodometric calibration where in- lamination of sensing element and also 
terfering substances are suspected. The trapping of minute air bubbles under the 
following illustrate the recommended pro- membrane, which can lead to lowered re
cedures: sponse and high residual current. Provide 

II Fresh water-For unpolluted sam- sufficient sample flow across membrane 
pies where interfering substances are ab- surface to overcome erratic response (see 
sent. calibrate in the test solution or dis- Figure 421:4 for a typical example of the 
tilled water, whichever is more conve- etrect of.stirring). 

nient. 
2) Sul( water-Calibrate directly with
 

sample,. of' seawater or waters having a
 

constant salt concentralion in excess of 8.
 

1,0(0 mg/L.
 
3) Fresh water containing pollutants or C I
 

inlel'ering substances-Calibrale with 
 /
distilled %ater because erroneous results
 

occur with the .smple.
 

41 Sall water containing pollutants or 2
 

interfering substances - Calibrate with a 

sample of clean water containing the samern 1
 
sall content as the sample. Add I concen

trated potassium chloride (KCI) solution Strrer Speed RPM 

(see Conductivity. Section 205 and 'Fable Figure 421:4. Typical trend of effect of stirring 
205:1) to distilled water to produce the on electrode response. 
same specific conductance ;a,. that in the 
sample. For polluted ocean waters. cali- c. Validazion o/t lemperature e je*(c,: 
brute with a sample of unpolluted sea- Check frequently one or two points to ver
water, ify temperature correction data. 

5) Estuary water containing varying 
quantites of salt-Calibrate with a sample 4. Precision and Accuracy 
of uncontaminated seawater or distilled or 
tap water. Determine sample chloride or With most commercially availablb rnem

sall concentration and revise calibration brane electrode systems an accuracy of 
to account for change of oxygen solubility "0.1 mg DO/L and a precision of ±0.05 
in the estuary water.*' mg DO/L can be obtained. 
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403 ALKALINITY 
Alkalinity of a water is its quantitative slightly greater than that of the water supcapacity to react with a strong acid to a ply. Properly operating anaerobic digestdesignated pH. The measured value may ers typically have supernaant alkalinities vary significantly with the end-point pH in the range of 2.000 to 4.0(K) mg calcium

used. Alkalinity is a measure of an aggre- carbonate (CaCO,)/L.'

gate properly of water and can be 
 inter
preted in terms of specific substances only 1. General Discussion
 
when the chemical composition of the
 
sample is known, a. Principle: Hydroxyl ions present in aAlkalinity is significant in many uses sample as a result of dissociation or hyand treatments of natural and waste- drolysis of solutes react with additions ofwaters. Because the alkalinity of many standard acid. Alkalinity thus depnds onsurface waters is primarily a function of the end-point pH used. For methods of decarbonate, bicarbonate, and hydroxide termining inflection points from titrationcontent, it is taken as an indication of the curves and the rationale for titrating toconcentration of these constitutents. The fixed pH end points. see Section 402. ha.measured values may include contribu- For samples of low alkalinity (less than


tions from borates, phosphates, or sili-
 20 mg CaCO,/L) use an extrapolationcates if these are present. Alkalinity in ex- technic based on the near proportionality
cess of alkaline earth metal concentrations of concentration of hydrogen ions to exis significant in determining the suitability cess of titrant beyond the equivalenceof a water for irrigation. Alkalinity inca- point. The amount of standard acid resurements are used in the interpretation quired to reduce pH exactly 0.30 pH unitand control of water and wastewater treat- is measured carefully. Because thisment processes. Raw domestic waste- change in pH corresponds to an exact douwater has an alkalinity less than or only bling of the hydrogen ion concentration, a 
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simple extrapolation can be made to the 
equivalence point..!' 

b. End points: When alkalinity is due 
entirely to hydroxide, carbonate, or bi-
carbonate content, the pH at the equiva-
lence po~nt of the ttration is determined 
by the concentration of carbon dioxide 
(CO,) at that stage. CO, concentration de-
pends, in turn. on the total carbonate spe-
cies originally present and any losses that 
may have occurred during titration. The 
following pH values are suggested as the 
equivalence points for the corresponding 
alkalinity concentrations as milligrams 
CaCO, per liter: 

End point pH 
Total Phenolphthalein 

A-

Alkalinity, 



mg CaCO,/L: 

30 5.1 8.3 
150 4.8 8.3 

500 4.5 8.3 

Silicates, phosphates 


known or suspected 4 5 8.3

Routine ur-

automated 
analyses 45 

Industrial waste or 

complex system 3.7 8.3 


. .. ... . 

c. Interferences.. Soaps. oily matter, 

suspended solids, or precipitates may coat 

the glass electrode and cause a sluggish re-

sponse. Allow additional time between ti-

trant additions to let electrode come to 

equilibrium. Do not filter, dilute, concen-

trate, or alter sample. 


d. Selection of"method: Determine 
sample alkalinity from volume of standard 
acid required to titrate a portion to a desig-
nated pH taken from T1lb. Titrate at room 
temperature with a properly calibrated pH 
meter or electrically operated titrator. or 
use color indicators. 

Report alkalinity less than 20 mg 
CaCO3/L only if it has been determined by
the low-alkalinity method.of 4d. 

INORGANIC NON-METALS (400) 

Constnict a titration curve for standard
ization of reagents. 

Color indicators may be used for routine 
and control titrations in the absence of in
terfering color and turbidity and for pre
liminary titrations to select sample size 
and strength of titrant (see below). 

e. Samph' size. See Section 402. le for 
selection of size sample to be titrated and 
normality of titrant. substituting 0.02 N or 
0. IN sulfuric (HSO4 ) or hydrochloric 
(HCI) acid for the standard alkali of that 
method. For the low-alkalinity method. ti
trate a 200-mL sample with 0.02N H2SO, 
from a 10-mL buret. 

f. Sampling and .oruage: See Section 
402. V. 

2. Apparatus 

See Section 402.2. 

3 Reagents 
a. Sodium carhonatetolution, approxi

mately 0.05N: Dry 3 to 5 g primary stan
dard Na..CO at 250 C for 4 hr and cool in a 

.
 
desiccator. Weigh 2.5 t 0.2 g (to the near
est mg). transfer to a I-L volumetric flask,
 
fill flask to the mark with distilled water,
 
and dissolve and mix reagent. Do not keep
 
longer than I wk.
 

h. Standard stlfuric acid or hydro
chloric acid. 0. I N: Dilute 3.0 mL cone
 
H.SO, or 8.3 mL cone HCI to I L with
 
distilled or deionized water. Standardize
 
against 40.00 mL 0.05 N Na CO, solution, 
with about 60 mL water, in a beaker by 
titrating potentiometrically to pH of about 
5.Lift out electrodes, rinse into the same 
beaker. and boil gently for 3 to 5 min un
der a watch glass cover. Cool to room 
temperature, rinse cover glass into beak
er. and finish titrating to the pH inflection 
point. Calculate normality: 

A x B 
Normality. N = -

where: 
A = g NaCr' , weighed into I L flask. 

http:method.of
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B = mL NatCO3 solution taken for titra- titration to pH 3.7 or lower. Do not filter, 
tion, and dilute, concentrate, or alter the sample. 

C = mL acid used. r. Potentiometric titration to preselected pH: Determine the appropriate 
end-point pH according to lb. PrepareUse m,-asured normality in calculations or sample and titration assembly (Sectionadjust to 0. 000N; I mL 0. OOON solution 402.4b). Titrate to the end-point pH with

= 5.00 nig CaCO. out recording intermediate pH values and c. Standard sulfuric acid or hydro- without undue delay. As the end point ischloric acid. 0.02N: Dilute 200.00 mL approached make smaller additions of acid0.100ON standard acid to 1,000 mL with and be sure that pH equilibrium is reacheddistilled or deionized water. Standardize before adding more litrant.by potentiometric titration of 15.00 mL d. Potentionetric titration of low alka-0.05N Na2CO 3 according to the procedure linity: For alkaJinities less than 20 mgJLof 3b; I mL = 1.00 mg CaCO.. titrate 100 to 200 mL according to the prod. Mixed bromcresol green-methyl red cedure of 4,. above, using a 10-mL miindicator solution: Use either the aqueous croburet and 0.02N standard acid soluor the alcoholic solution: lion. Stop the titration at a pH in the range1) Dissolve 100 mg bromcresol green 4.3 to 4.7 and record volume and exactsodium salt and 20 mg methyl red sodium pH. Carefully add additional titrant to resalt in 100 mL. distilled water. duce the pH exactly 0.30 pH unit and2) Dissolve 100 mg bromcresol green again record volume. 
and 20 mg methyl red in 100 mL 95% ethyl
alcohol or isopropyl alcohol. 

e. Methyl orange solution.
f. Phenolphthalein solution, alcoholic, a. Potentiometric titration to end-point 
g. Sodium thiosulfate, O.IN. See Sec- p1t: 

tion 402.3b. 
Ax N x 50.000

Alkalinity, mg CaCO3 'L = 
mL sample

4. Procedure where: 
a. Color change: See Section 402.4a. A = mL standard acid used and
The color response of the mixed bromcre-
 N = normality of standard acid


sol green-methyl red indicator is approxi
mately as follows: above pH 5.2, greenish or
 
blue; pH 5.0, light 
 blue with lavender
 
gray; pH 4.8, light pink-gray with bluish Alkalinity. mg CaCO,/L = Ax x 1.000
cast, and pH 4.6, light pink. Check color 
 mL sample

changes against reading of a pH meter un-
 where:
der the conditions of the titration. Because t = titer of standard acid. mg CaCO,/mL
colors are difficult to distinguish, the
method is subject to relatively ;arge oper- Report pH of end point used as follows:ator error. "The alkalinity to pH - = b. Potentiometric titration curve: Fol- mg CaCO 3/L" and indicate clearly if thislow the procedure for determining acid- pH corresponds to an inflection point of
ity (Section 402.4h), substituting the ap- the titration curve.
propriate normality of standard acid solu- b. Potentionetric titrationoJ'low alka
tion for standard NaOH, and continue linity: 
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Touil alkalinity. mg .aC().,i. 

(2 11 - (1 x ,'x il*(om
niL sample 

where: 

B = mL litrant to firsl
recorded pH. 
C = total mL titrant to reach pH 0.3 unit 

lower. and 
N = normality of acid ... 

C. Calculation of Ialikaj- relaiio 
ships. The results obtained from the phe-
nolphthalein and total alkalinity determi-
nations offer a means for stoichiometric 
classification of the three principal forms 
of alkalinity present inmany waters. The 
classification ascribes the entire alkalinity 
to bicarbonate, carbonate, and hydroxide. 
and assumes the absence of other (weak) 
inorganic or organic acids, such as silicac. 
phosphoric, and boric acids. It further pre-
supposes the incompatibility of hydroxide 
and bicarbonate alkalinities. Because the 
calculations are made on a stoichiometrac 
basis, ion concentrations in the strictest 
sense are not represented in the resilts. 
which may differ significantly from actual 
concentrations especially at pH > 10. Ac
cording to this scheme: 

I) Carbonate (CO,--) alkalinity ispres
ent when phenolphthalein alkalinity is not 
zero but is less than total alkalinity 

2) Hydroxide (OH-) alkalinity as pres-
ent if phenolphthalein alkalinity is more 
than half the ,otal alkalinity. 

3) Bicarbonate (HCO,-) ions are pres-
ent if phenolphthalein alkalinity is less 
than half the total alkalinity These rela
tionships may be calculated by the follow-
ing scheme, where P is phenolphlhalein al
kalinity and T is total alkalinity ( th): 

Select the smaller value of P or (T-P). 
Then, carbonate alkalinity equals twice 
the smaller value. When the smaller value 
is P. the balance (T-2P) is bicarbonate, 
When the smaller value is (T-P). the hal-
ance (2P-T) is hydroxide. All results are 
expressed as CaCO,. Thc mathematical 

INORGANIC NON-METALS (400) 

conversion of thc results is shown in Table 

403:1. 

rAHi .1 1. At KAI INI I IHiLA I IONIIIPS' 

Bicarbonate 
Hydroxide Carbxonate Concen. 

Rcult of Alkalinity Alkalinity tration 
'ilralin as C:,CO, as CaCO as CaCO, 

P=0 0 0 T 
P< '/T 0 2P T - 2P 
P = /Ir 0 2P 0P -. '-T 2P - T 2(T - Pt 0
 
P = T T 0 0
 

.
 
lKey P-phcnophihale atkaIingiy. r-ait alka-

Alkalinity relationships also may be 
computed nomographically (see Carbon 
Dioxide, Section 406). Accurately mea
sure pH. calculate OH- concentration as 
milligrams CaCO, per liter, and calculate 
concentrations of CO,'- and HCO:,- as 
milligrams CaCO, per liter from the OH
concentration, and the phenolphthalein 
and total alkalinities by the following 
equations:
 

CO1 - = 2P - 2[OH-]
 

HCO3- = T - 2P + (OH-] 

Similarly. if difficulty is experienced
 
with the phenolphthalein end point. or if a
 
check on the phenolphthalein litration is
 
desired, calculate phenolphthalein alkalin
ity as CaCO:, from the results of the no
mographic determinations of carbonate
 
and hydroxide ion concentrations:
 

P = 1/2 [CO2
2-] + [OH-] 

6. Precision and Accuracy 
No general statement can be made 

about precision because of the great varia
tion in sample characteristics. The preci
sion of the tilration is likely to be much 
greater than the uncertainties involved in 
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sampling and sample handling before the termination of low alkalinity or acidity in 
analysis. water. Anal. Chem. 27:851. 

In the range of 10 to 500 mg/L, when the 3. THOMAS. J.F.J. & J.J. LYNCH. 1960. Deter
alkalinity is due entirely to carbonates or mination of carbonate alkalinity in natural 
bicarbonates, a standard deviation of I mg waters. J. Amer. Wuter Works Ass. 52:259CaCOL can be achieved. Forty analysts 4. WINTER,CaCO/Lb acieve.an Frly nalsts J.A. & M.R. MIDGETT. 1969.FWPCA Method Study I. Mineral and Phys
in 17 laboratories analyzed synthetic sam- ica Met. Study 1.singtond DhCs
 
pies containing increments of bicarbonate ical Analyses. FWPCA, Washington. D.C.
 

equivalent to 120 mg CaCO3IL. The litra- 8. Bibliography
 
tion procedure of 4b was used, with an
 
end point pH of 4.5. The standard devia- AMERICAN SOCIETY 
 FOR TESTING & MATERI
tion was 5 mg/L and the average bias ALS. 1970. Standard Methods for Acidity or 
(lower than the true value) was 9 mg/L.4 Alkalinity of Water. ASTM Publ. D1067

70, Philadelphia, Pa. 
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314 HARDNESS
 

Originally. water hardness was under-
stood to be a measure of the capacity of 
water to precipitate soap. Soap is precipi-
tated chiefly by the calcium and magne-
sium ions present. Other polyvalen, cat-
ions also may precipitate soap. hut they 
often are in complex forms. frequenl. 
with organic constituents. and their rule in 
water hardness may be minimal and dilli-

cull to define. In conformity with current 
practice. total hardness is defined as the 
sum of the calcium and magnesium con
centrations. both expressed as calcium 
carbonate, in milligrams per liter. 

When hardness numerically is greater 
than the sum ol'carbonate and bicarbonale 
alkalinity, that amount of hardness equiv
alent to the total alkalinity is called "car



F-51 

HARDNESS (continued)
 

HARDNESS/EDTA Titrimetric Method 195
 

bonate hardness" the amount of hardness ness by calculation, is applicable to all wain excess of this is called "'noncarbonate ters and yields the higher accuracy. If ahardness." When the hardness numerical- mineral analysis is performed. hardnessly is equal to or less than the sum of car- by calculation can be reported. Method It.
bonale and bicarbonate alkalinity, all the EDTA litralion method, measures thehardness is carbonate hardness and non- calcium and magnesium ions and may hecarbonate hardness is absent. The hard- applied with appropriate modification io 
ness may range from zero to hundreds of any kind of water. rhe procedure demilligrams per liter in terms of calcium scribed affords a means of rapid analysis.
carbonate, depending on the source and 
treatment to which the water has been 2. Reporting Results
subjected. When reporting hardness, state the 
1. Selection of Method method used. for example. "hardness 

(calt.)" or "hardness (EDTA)".Two methods are. presented for the de
termination of hardness. Method A, hard

314 A. Hardness by Calculation 
1. Discussion 2. Calculation 

The preferred method for determining
hardness is to compute it from the results 
of separate determinations of calcium and 

Haidrie. mg equivalent CaCO 1 1. 
.497 (Ca. gL] + 4.11Ig. mgl.j 

magnesium. 

314 B. EDTA Titrimetric Method 
1.General Discussion he present to yield a sati sfactory end 

a. Principh,: Ethylenediaminetetraace- point. To insure this, a small amount oftic acid and its sodium salts (abbreviated complexomctrically neutral m;agnesium
EDTA) form a chelated soluble complex salt of EDTA is added to the huller, this
when added to a solution of certain metal automitically introduce, sullicien: i1agne
cations. If a small amount of' a dye such sium and obviates the need fm , hlank 
as Eriochrome Black T or Calmagite is correction. 
added to an aqueous solution containing The sharpness of the end point increas
calcium and magnesium ions at a pH of es with increasing pH. However. the pH
10.0 = 0.1.the solution becomes wine red. cannot be increased indelinitely becauseIf EDTA is added as a litrant, the calcium of the danger of precipitating calcium Carand magnesium will be complexed, and bonate. CaCO, or magnesium hydroxide.when allof the magnesium and calcium Mg(OH)2, and because the dye changeshas been complexed the solution turns color at high pH values. The specified pHfrom wine red to blue. marking the end of 10.0 =.0. 1is a salisfactory compromise

point of the litralion. Magnesium ion must A limit of 5 nin is set for the duraton of 
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the titration to minimize the tendency to-

ward CaCO, precipitation. 
h. lnterference: Some metal ions inter-

fere by causing fading or indistinct end 
points or by stoichiometric consumption 
of EDTA. Reduce this interference by 
adding certain inhibitors before titration. 
Adding MgCDTA [see 2h3)]. which is not 
an inhibitor, permits titrating all poly-
valent cations listed in Table 314:1 but 
yields erroneously high hardness v:,lies in 
proportion to the concentration of such 
cations. Because it is nontoxic it is the 
complexing agent of choice if the inter-
ferences are known to be so low that no 
significant addition to the hardness will re-
suit from their titration. When the 
dicated cations are present in signilicam 
concentrations, use the inhibitors listed in 
Table 314:1. The figures in Table 314:1 r 
intended as a rough guide only ind .are 

TABLE 314:1. MAXIMU? CONCENr,I0o.S4O-
INTERFERENCES PERMISSIBLE WITIfVARIWIS 

NIIIITORS" 

Max. Interference 
Conceniralion 

Interfering mL 
Substance . . . 

Inhibitor 
. .. . 

Inhibitor 
I 

Aluminum 20 20 
Barium t , 
Cadmium t20 
Cobalt over 20 0.3 
Copper over 30 20 
Iron over 30 5 
Lead t 20 
Manganese 

(Mn ') t I 
Nickel over 20 0.3 
Strontium t t 
Zinc t 200Polyphos

phates0 
....... 

.. 

*Based on 25-mL sample diluted to 50 mL 
tTitratcs as hardness, 

METALS (300) 

based on using a 25-mL sample diluted to 
50 mL. 

Suspended or colloidal organic matter 
also may interfere with the end point. 
Eliminate this interference by evaporating 
the sample to dryness on a steam bath and 
heating in a muffle furnace at 550 C until 
the organic matter is completely oxidized. 
Dissolve the residue in 20 mL IN hydro
chloric acid (HCI). neutralize to pH 7 with 
IN sodium hydroxide (NaOH). and make 
ip to 50 mL with distilled water: cool to 

room temperature and continue according 
it) ihe general procedure. 

(io rni-, o precautions:Conduct tira
tion at or near normal room temperature. 
The color change becomes impracticaly 

as 
temperature. Indicator decomposition be
comes a problem in hot water. 

,,low the sample approaches freezing 

The specilied pH may produce an envi
ronment conducive to CaCO, precipi
tation. Although the titrant slowly redis
solves such precipitates, a drifting end 
point often yields low results. Completion 

of the titration within 5 min minimizes the 
tendency for CaCO:, to precipitate. The 

following three methods also reduce pre
cipitation loss:
 

I) Dilute the sample with distilled water
 
to reduce the CaCO, concentration. This
 

simple expedient has been incorporated in 
the procedure. If precipitation occurs at 
this dilution of I + I use modification 2) or 
3). Using too small a sample contributes a 
systematic error due to the buret-reading 
error.
 

2) If the approximate hardness is
 

known or is determined by a preliminary 
titration, add 90% or more of tit-ant to 
sample heJore adjusting the pH with buf
fer. 

3) Acidify the sample and stir for 2 min 
to expel CO, before pH adjustment. De
termine alkalinity to indicate the amount 
of acid to be added. 
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2. Reagents ally water containing interfering ions re
a. Buffer solution: quires the addition of an appropriale com-
I) Dissolve 16.9 g ammonium chloride plexing agent to give a clear, sharp change

(NHCI) in 143 n,L conc ammonium hy- in color at the end point. The following are 
droxide (NHOH). Add 1.25 g magnesium satisfactory: 
:lIt of EDTA (available commercially) I) Inhihiior I: Adjust acid samples to 
and dilute to 250 ml- with distilled water. pHi 6 or higher with huffer or 0. IN NaOH. 

2) If the magnesium sail of EDTA is un-
Add 250 mg sodium cyanide (NaCN) inpowder form to the sample. Add sifficientavailable, dissolve 1.179 g disodium salt of buffer to adjust to pH 10.0 _--0.1 (CAU

ethylenediamineletraacetic acid dihydrale TN r7
(analtical reagentgrade) and 780 mg mag- X prcc mili.nsin its u e. Flush solu
nesium sulfate (MgSO 4 7HO) or 644 mg tions containing this inhibitor down the
magnesium chloride (MgCI,.6HO) in 50 drain with large quantities of water afiermL distilled water. Add this solution16.9 g NH,,CI and 143 mL cone NH,OHto iinsuring that no acid is present to liberatevolatile poisonous hydrogen :y..nide.)
with mixing and dilute to 250 mL with dis. 

to 

2) mIii/iir /: Dissolve 5. g sodium 
tilled water. To attain the highest accura- sulfide nonahydrate (Na.S9HO) or 3.7 gcy, adjust to exact equivalence through NaS-5H20 in 100 mL distilled water. Ex
appropriate addition of a small amountEDTA of dude air with a tightly fitting rubber stopor MgSO,,or MgCI2 .eudaiwihatglyflngrbrso-


Dt or Soo ) orpsi 
 r-.Store Solution ) or 2) in a plastic re-
per. This inhibitor deteriorates through airor oxidation. It produces a sulfide precipitatesistant-glass container for no longer than I that obscures the end point when appre

month. Stopper tighly to prevnt loss o ciable concentrations of heavy metals are 
ammonia (NH 3) or pickup of carbon diox- present. Use I mL in Ii 3h below.
ide (CO2). Dispense buffer solution by 3) MgCDTA: Magnesium salt of I. " means of a bulb-operated pipet. Disc;rd cyclohexanedi"minetetraacetic acid. Addbuffer when I or 2 mL added to the sample 250 mg per 100 mL sample and dissolvefails to produce a pH of 10.0 = 0. I at the cfitration end point. completely before adding buffer solution.Use this complexing agent to .void using 

3) Satisfactory alternate **odorless buf- toxic or odorous inhibitors when interfers- also are available commercially. fering substances are present in concen-
They contain the magnesium salt of EDTA trations that affect the end point hut willand have the advantage of being relatively not contribute significantly to the hardness 
odorless and more stable than the N HC- value.
 
NHOH buffer. They usually do not pro-
 Commercial preparations incorporating
vide as good an endpoint as NH 4 CI- a buffer and a complexing agent are avail-
NH 4OH because of slower reactions and able. Such mixtures must maintain pHithey may be unsuitable when this method 10.0 ± 0.1 during the li!ration and give a
is automated. Prepare one of these buffers clear, sharp end point when the sample is
by mixing 55 mL cone HCI with 400 mL titrated.
distilled water and then, slowly and with . Indicators: Many types of indicator
stirring, adding 300 mL 2-aminoethanol solutions have been advocated and may be(free of aluminum and heavier metals). used if the analyst demonstrates tha. they
Add 5.0 g magnesium salt of EDTA and yield accurate values. The prime diflicultydilute to I L with distilled water, with indicator solutions is deterioration 

b. Complexing agents: For most waters with aging, giving indistinct end points.no complexing agent is needed. Occasion- For example, alkaline solutions of Fio

V 
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chrome Black r ;,resensitive to oxidants 
and aqueous or alcoholic solutions are un-
stable. In general. use the least amount of 
indicator providing a sharp end point. It is 
the analvst's responsibility to determine 
individually the optimal indicator concen-
tration. 

I) wriochromi, Black 1. Sodium salt of 
l-(I -hydroxy-2-naphthylazo)-5-nitro-2-
naphthol-4-sulfonic acid; No. 203 in the 
Color Index. Dissolve 0.5 g dye in 100 g 
2.2'.2"-nitrilotriethanol (also called tri-
ethanolamine) or 2-methoxymethanol (a)-
so-called ethylene glycol monomethyl 
ether). Add 2 drops per 5O ml. solution to 
be tilrated. Adjust volu;,ie if necessary. 

2) (almagiie: I-0I-hydroxy-4-methyl.2, 
phenylazo)-2-naphthol-4-sullonic acid. This 
is stable in aqueous solution and pro-
duces the same color change as Erio
chrome Black T. with a sharper end point. 
Dissolve 0. 10 g Calmagite in I0N mL di,,-
tilled &ater. Use I mL per 50 mL solution 
to be itrated. Adjust volume if necessary. 

3) Indicators I and 2 can be used in dry 
powdei form if care is taken to avoid ex-
cess indicator. Prepared dry mixtures of 
these indicators and an inert salt are avail-
able commer:ially. 

If the end point color change of these 
indicators is not clear and sharp. it usually 
means that arnappropriate complexing 
agent is required. If NaCN inhibitor does 
not sharpen the end point, the indicator 
probably is at fault. 

d. Stlndard EDTA lilrant. 0.01M.' 
Weigh 3.723 g analytical reagent-grade di-
sodium ethylenediaminetetraacetate dihy-
drate. also called (ethylenedinitrilo)-
tetraacetic acid disodium salt (EDTA). 
dissolve in distilled water, and dilute to 
1.000 mL. S!andardize against standard-
calcium solution ( 2e) a.,described in t 31h 
below. 

Because the titrant extracts hardness-
producing cations from soft-glass contain-
ers. store in polyethylene (preferable) or 
borosilicate glass bottles. Compensate for 

METALS (300) 

gradual deterioration by periodic restan
dardiztation and byi using a suitable correc
tion lctor 

v. .uindard ca/ iwi .mlwiott: Weigh 
I.(X)O g anhydrous CaCO powder (prima
ry standard or special reagent low in 
hc.'vy metals. alkalis, and magnesium) in
to a 500-mL erlenmeyer flask. Place a fun
nel in the flask neck and add. a little at a 
time. I + I HCI tintil all CaCO:, has dis
solved. Add 200 ml. distilled water and 
boil for a few minutes to expel CO,. Cool. 
add a few drops of methyl red indicator.
 
and adjust to the intermediate orange col
or by adding 3N NHOH or I + I HCI. a,, 
required. Transfer quantitatively and di
hlte io 1.000 mL with distilled water: I mL 
= 1.00 mg C;iCO,,. 

/ Sdanmi hvdrauide. NaOH. 0.1 N. 

3 Procedure
 

. Prclrerclmeitl ij'polluwed hater amnd 
itis.icauvr %-aiplh'.:Follow the proce
dure described in Section 302E or F. 

h. 7iralioti oJ .%aniple: Select tsample 
volume that requires less than 1 mL 
EDTA titrant ;and complete titration with
in 5 min. measured from the time of buffer 
addition. 

Dilute 25.( mL. sample to about 50 mL 
with distilled water in a porcelain casse
role or other suilable vessel. Add I to 2 
mL buffer solution. Usually I mL will be 
sutlicient to give a pH of 10.0 to 10. 1. The 
absence of a sharp end-point color change 
in the titration usually means that an inhib
itor must be added at this point in the pro
cedure ( 2h et seq.) or that the indicator 
has deteriorated. 

Add I o 2 drops indicator solution or an 
appropriate amount of dry-powder in
dicalor formulation [ 2('3)]. Add standard 
EDTA titrani slowly, with continuous stir
ring. until the last reddish tinge disappears 
from the solution. Add the last few drops 
at 3- to 5-sec intervals. At the end point 
the solution normally is blue. Daylight or a 
daylight fluorescent lamp is highly recom
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mended because ordinary incandescent 4. Calrulation
 
lights tend to produce a reddish tinge in the Hardness (EDTA) as mg CaCO,/L
 
blue at the end point.
 

If sufficient sample is available and in- A x fl x I,(X)0
 
terference is absent, improve accuracy by mL sample
 
increasing sample size, as described in where:
ii] 3c"below. A = mL titration for sample andV = mg CaCO3 equivalent to 1.00 mLc. Low-hardness sample: For ion-ex- EDTA titrant. 
changer effluent or other softened water 
and for natural waters of low hardness 5. Precision and Accuracy
(less than 5 mg/L), take a larger sample, A synthetic sample containing 610 mg/L
100 to 1,000 mL, for titration and add pro- total hardness as CaCO, contributed byportionately larger amounts of buffer, in- 108 mg Ca/L and 82 mg Mg/L, and the fol
hibitor, and indicator. Add standard lowing supplementary substances: 3.1 mg
EDTA titrant slowly from a microburet K/L, 1.9.9 mg NaL, 241 mg CI/L, 0.25 mgand run a blank, us.ng redistilled, distilled, NO,--N/L, 1.1mg NO3- -N/L, 259 mg sul
or deionized water of the same volume as fate/L, and 42.5 mg total alkalinity/L (con
the sample, to which identical amounts of tributed by NaHCO 3) in distilled water
buffer, inhibitor, and indicator have been was analyzed in 56 laboratories by the
added. Subtract volume of EDTA used for EDTA titrimetric method with a relative
blank from volume of EDTA used for standard deviation of 2.9% and a relative
sample. error of 0.8%. 
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Sample Preservation, Nitrogen Forms
 

REFERENCE
 

Limnological Research Laboratory, Department of Fisheries and Wildlife,
 
Michigan State University.
 

Nitrate-Nitrite-N:
 

Samples should be analyzed for Nitrate-N or Nitrite-N within 24 hrs of
 
collection. During this time samples should be stored at 4°C. If a combined
 
Nitrate-Nitrite-N determination is desired and analysis within 24 hrs is 
not
 

nn~i 1~ ~t-1i ~ ~ -4A UC-,.1 4-- 4'- .. U -- I- -- Icff4'4Dn-

-. ~ -. ~ J.L L& .. 4LU.LJLT. 1=ULL. El eL Llull 

before the cadmium reduction procedure and that separate determinations of
 
nitrate and nitrite are no longer meaningful. Appropriately cleaned glass or
 
plastic storage containers are permitted (U.S.E.P.A. 1979). Do not use
 
mercuric chloride as a preservative for samples to be passed through the
 
reduction column.
 

Ammonia-N:
 

Samples for ammonia determination should be analyzed as soon as possible
 
after collection. Samples to be analyzed within 24 hrs can be preserved by
 
storage at 4°C. Although the addition of conc. sulfuric acid (to pH less than
 
2) and storage at 40C is suggested as a preservation technique, some
 
conversion of organic nitrogen to ammonia may occur (U.S.E.P.A. 1979). Short
 
term storage is permitted in appropriately cleaned glass or plastic storage
 
containers. The container should be full and tightly capped. Protect samples
 
for ammonia-N from the laboratory atmosphere and fumes of NH4OH (i.e.,
 
nitrate-nitrite-N reagents).
 

Total Kjeldahl-N:
 

Samples may be pr'served by the addition of conc. sulfuric acid, H2S04 ,
 
to bring the pH to less than 2 and stored at 4°C. Avoid prolonged storage.
 
Protect samples for TKN from the laboratory atmosphere and fumes of NH4OH
 
(i.e., nitrate-nitrite-N reagents). Appropriately cleaned glass or plastic
 
storage containers are permitted.
 

Total Nitrogen:
 

Total Nitrogen is calculated as the sum of Total Kjeldahl-N and Nitrate
Nitrite-N determinations. It is recommended that samples be acidified with
 
H2SO4 to a pH less than 2 and stored at 4°C. The maximum holding time before
 
significant loss or gain of nitrogen is unknown. However, the holding time
 
should not exceed 7 days. The same cautions apply here as for the Nitrate
Nitrite-N and Total Kjeldahl-N procedures given above.
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It is important to remember that any preservation method is less than
 
perfect and that it is best to analyze samples immediately after collection.
This is, 
of course, not always practical, so compromises must be made.
 

REFERENCE
 

U.S.E.P.A. 1979. 
 Methods for chemical analysis of water and wastes. 
U.S.
 
Environmental Protection Agency, Cincinatti, OH 45268. 
 EPA 600/4-79-020.
 

JRC
 
30 January 1985
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ANALYTICAL METHOD
 

AMMONIA NITROGEN DETERMINATION
 

REFERENCE
 
Limnological Research Laboratory, Department of Fisheries and Wildlife,
 

Michigan State University.
 

METHOD
 

This method estimates the ammonia nitrogen in a natural water sample.
Ammonia is estimated colorimetrically after steam distillation by the Nessler
reaction. Distillation is necessary for nearly all fresh waters to dvoid
interfering substances. The distillation may also be used to concentrate the

ammonia. The analytical procedure described below is 
an application of
methods for natural waters described by Golterman et al. (1978) and U.S.E.P.A.

(1979) to the semi-micro Kjeldahl digestion and distillation apparatus of
Kontes Scientific Glassware (Vineland, NJ). 
 Note that this same distillation
 
glassware is used for the determination of total Kjeldahl nitrogen as ammonia
 
following an acid digestion.
 

EQUIPMENT
 

Transformer, variable voltage, input: 
 to match voltage at project site;
 
output: 115 V, 50/60 Hz.
 

GLASSWARE
 

Distillation apparatus, Kjeldahl, Kontes (cat. No. K-551100-0000)

Flasks, erlenmeyer, 50 ml, with ground glass stoppers (accurately determine
 

the level of 50.0 ml for each flask and permanently mark the side of the
 
flasks with a file)


Flask, Kjeldahl digestion/distillation, 100 ml, Kontes 
(cat. no. K-551600
0100)
 

SUPPLIES
 

Glasses, safety

Granules, micro, for smooth boiling, 10 mesh, plain, Hengar (cat. no. 
136-CC)


(Amer. Sci. Products cat. no. N3916-2) (Preparation for use: soak

overnight in 0.1 N HC1, 
rinse thoroughly with ammonia-free deionized
 
distilled water, dry and store closed to the atmosphere)


Grease, silicone, high vacuum, Dow Corning

Protector, Hot-Hand, silicone rubber (Fisher Scientific cat. no. 11-394-300)

Ring stands, 3-prong clamps, clamp holders (for distillation glassware)

Tubing, laboratory, Tygon, 5/8 in ID, 1/16 in wall and 1/4 in ID, 1/16 in wall
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AMMONIA NITROGEN DETERMINATION (Continued)
 

GLASSWARE PREPARATION
 

and is rinsed with tap water.
 
2. The glassware is soaked in 0.1 N HC1 until ready for use. 
 Glassware to
be used is rinsed with distilled water with a final rinse with ammonia

free deionized distilled water for low-level Kjeldahl-N or ammonia-N

determinations. The glassware is best protected from pick-up of ammonia

from the laboratory atmosphere by storage in the 0.1 N HC1 acid bath.
 

REAGENTS
 

Borate buffer solution:
 
Add 88 ml of 0.1 N sodium hydroxide solution to 500 ml 0.025 M sodium

tetraborate solution and dilute to 1 liter with ammonia-free deionized
 
distilled water.
 

Boric acid solution:
 
Dissolve 20 g of boric acid, H3BO3 in ammonia-free deionized distilled
 
water and diluted to I liter.
 

Nessler reagent:
 
Dissolve 100 g of mercuric iodide, lfg1 2 , (Fisher M-166 or equivalent) and
70 g potassium iodide, KI, in 
a small volume of ammonia-free deionized
 
distilled water. 
Add this mixture slowly with stirring, to a cooled
solution of 160 g of sodium hydroxide in 500 ml of ammonia-free deionized

distilled water. 
Dilute this mixture to I liter. 
Allow to stand for 24
48 hours and decant off the clear solution for use. This solution is
stable for at least 1 year if stored in a pyrex bottle out of direct
 
sunlight.
 

Nitrogen stock solution, 1000 microgram ml- I NH3-N:
 
Dissolve 3.819 g of ammonium chloride, NH4C1, in ammonia-free deionized

distilled water and dilute to 1000 ml. 
 Preserve with 1 ml of chloroform.
 
Store at 5OC.
 

ij.. LUL 1±11u niLrogen stock solution with ammonia-free deionized
 
distilled water to 1000 ml. 
 Prepare fresh for each set of samples.


Nitrogen working standard solutions:
 
Using 200 ml volumetric flasks, dilute the following volumes of the 20

microgram ml"
I NH3 -N standard solution to volume with ammonia-free
 
deionized distilled water. 
Prepare fresh for each set of samples.
 

\,)
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AMMONIA NITROGEN DETERMINATION (Continued)
 

-
ml of 20 microgram ml1 NH3-N
 
standard solution mg NH3-N / 50 ml
 
diluted to 200 ml
 

0.0 	 0.000 (Blank)
 
2.0 	 0.010
 
6.0 	 0.030
 

10.0 	 0.050
 
15.0 	 0.075
 
20.0 	 0.100
 

Sodium hydroxide solution, 1 N:
 
Dissolve 40 g of sodium hydroxide, NaOH, in ammonia-free deionized
 
distilled water and dilute to 1 liter.
 

Sodium hydroxide solution, 0.1 N:
 
Dilute 100 ml of 1 N sodium hydroxide solution to I liter with ammonia
free deionized distilled water.
 

Sodium tetraborate solution, 0.025 M:
 
Dissolve 5.0 g of sodium tetraborate, Na2B407- (or 9.5 g of
 
Na2B4 07 1OH 20) in ammonia-free deionized distilled water and dilute to 1
 
liter.
 

DISTILLATION PROCEDURE
 

1. 	 Fill the steam generator flask with ammonia-free deionized distilled
 
water. 
Turn on the heating element and the condenser cooling water.
 
Adjust the velocity at which the steam is generated by changing the
 
output voltage of the variable voltage transformer.
 

2. 	 The distillation apparatus should be pre-steamed before iuse. Attach a
 
clean Kjeldahl flask with about 30 ml of ammonia-free deionized distilled
 
water and 10 ml of 1 N sodium hydroxide solution. Adjust the vent plug
 
on the steam generator flask and the three-way steam control stopcock
 
(stopcock B) on the distillation head to allow steam to enter the flask.
 
The entrance tube stopcock (stopcock A) should be closed. After 10
 
minutes, begin collecting the effluent and testing for ammonia by the
 
addition of the Nessler reagent. Continue steaming the apparatus until
 
the effluent is ammonia-free. Repeat this procedure if the apparatus is
 
idle for more than 4 hours.
 

3. 	 Adjust the vent plug on the steam generator flask to the open position to
 
allow the generated steam to exit through the vent tube. Close both
 
stopcocks (A and B) on the distillation head.
 

4. 	 Transfer 50.0 ml of sample or an aliquot diluted to 50.0 ml into a 100 ml
 
Kjeldahl flask and add 3-5 Hengar micro granules (boiling chips).
 
Prepare the ammonia standard solutions and at least one blank of ammonia
free deionized distilled water in the same manner.
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AMMONIA NITROGEN DETERMINATION (Continued)
 

5. 	 Add 5 ml of boric acid solution into a 50 ml erlenmeyer flask and set the
 
ground glass stopper aside. Place the flask with the tip of the
 
extension tube of the condenser below the level of the boric acid
 
solution. The erlenmeyer flask is considered in the "up" position when
 
the condenser tip is submerged in the boric acid solution.
 

6. 	 Attach a Kjeldahl flask containing a sample, standard or blank(s) to the
 
distillation head. Dispense 3 ml of borate buffer solution into the
 
reservoir above the entrance tube stopcock (stopcock A). If necessary,
 
add (dropwise) sufficient 1 N sodium hydroxide (or 5 N sulfuric acid) to
 
the borate buffer to insure that the pH of the samples is in the range
 
9.5-9.8 after the addition of the buffer. This should be checked using a
 
pH meter or narrow range pH indicator paper on a second aliquot of a
 
representative sample. 
Record the number of drops of sodium hydroxide
 
(or sulfuric acid) necessary to bring the pH into the proper range. This
 
volume of sodium hydroxide (or sulfuric acid) can be added to the buffer
 
for subsequent samples. Open the entrance tube stopcock and allow the
 
borate buffer solution to slowly enter the digestion flask without
 
mixing. Close the stopcock immediately. Do NOT allow steam to enter the
 
Kjeldahl flask before or during the addition of the borate buffer
 
solution, otherwise a bumping may occur when that alkaline solution is
 
added.
 

7. 	 Adjust the three-way steam control stopcock (stopcock B) to permit steam
 
to enter the Kjeldahl flask through the steam entrance tube. Adjust the
 
vent control plug on the steam generator to the closed position to allow
 
the generated steam to go to the distillation head.
 

8. 	 Distill about 35 ml of distillate at a rate of 6-10 ml min -' with the
 
erlenmeyer flask to the "down" position so 
that the tip of the extension
 
tube of the condenser is above the level of the boric acid. 
This 	will
 
permit the distillate to wash the tip of the tube. Collect about 10 ml
 
of additional distillate. It may be necessary to adjust the rate of
 
distillation or the volumes collected in the "up" and "down" position to
 
insure maximum recovery of ammonia with a minimum distillation time.
 

9. 	 Dilute the collected distillate to 50.0 ml and replace the ground-glass
 
stopper on the flask. 
 Set the flasks aside until all samples, standards
 
and blanks have been distilled.
 

NESSLERIZATION
 

I. 	 To a 50.0 ml sample or an aliquot diluted to 50.0 ml, add 2 ml of Nessler
 
reagent and mix.
 

2. 	 After 20 minutes read the absorbance at 425 nm against an ammonia-free
 
deionized distilled water reference. Subtract the mean absorbance of the
 
blanks from the absorbances of the samples and standards. From the
 
values obtained prepare a standard curve of absorbance vs. mg NH3-N.
 

3. 	 Calculate the Ammonia-N in the original sample as follows:
 

NH3 -N (mg 1
-1 ) = A x 1000 x B
 

CxD
 

C x D
 



AMMONIA NITROGEN DETERMINATION (Continued)
 

where 
A = mg NH3-N read from standard curve. 
B = ml of total distillate collected including the boric acid and 

dilution. 
C = ml of distillate taken for nesslerization. 
D = ml of original sample taken for distillation 

REFERENCES
 

Golterman, H. L., R. S. Clymo and M.A.M. Ohnstad. 1978. Methods for physical

and chemical analysis of fresh waters. IBP Handbook No. 8, 2nd. ed.
 
Blackwell Scientific Pub., Oxford. 213 pp.
 

U.S.E.P.A. 1979. 
 Methods for chemical analysis of water and wastes. U.S.
 
Environmental Protection Agency, Cincinnati, OH 45268. 
EPA 600/4-79-020.
 

JRC
 
29 January 1985
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ANALYTICAL METHOD
 

TOTAL KJELDAHL NITROGEN DETERMINATION
 

REFERENCE
 

Limnological Research Laboratory, Department of Fisheries and Wildlife,
 
Michigan State University.
 

METHOD
 

This method estimates the total organic nitrogen plus the ammonia
 
nitrogen in a natural water sample. The classical Kjeldahl digestion converts
 
the organic nitrogen to ammonium nitrogen. The sample is digested with
 
sulfuric acid containing potassium sulfate to raise the digestion temperature
 
and mercuric oxide, a required catalyst. The ammonia is estimated
 
colorimetrically after steam distillation by Nesslerization. The analytical
 
procedure described below is an application of methods for natural waters
 
described by Golterman et al. (1978) and U.S.E.P.A. (1979) to the semi-micro
 
Kjeldahl digestion and distillation apparatus of Kontes Scientific Glassware
 
(Vineland, NJ). Note that this same glassware can be used to determine
 
ammonia nitrogen separately if the digestion step is omitted. In addition,
 
the Kjeldahl method for nitrogen and its compounds in biological materials and
 
the apparatus provided by Kontes permits nitrogen determinations to be made on
 
a wide range of sample matrices, i.e., soils, soil extracts, feeds,
 
fertilizers, plant and animal tissues, rainwater, fresh and sea waters.
 

EQUIPMENT
 

Digestion apparatus, Kjeldahl, rotary, Kontes (cat. no. K-551000-0000) (Kontes
 
Scientific Glassware, Spruce Street, P.O. Box 729, Vineland, NJ 08360)
 

Transformer, variable voltage, input: to match voltage at project site;
 
output: 115 V, 50/60 Hz.
 

GLASSWARE
 

Distillation apparatus, Kjeldahl, Kontes (cat. no. K-551100-0000)
 
Flasks, erlenmeyer, 50 ml, with ground glass stoppers
 
Flask, Kjeldahl digestion/distillation, 100 ml, Kontes (cat. no.
 

K-551600-0100)
 
Fume hood, Kjeldahl digestion, Kontes (cat. no. K-551001-0030), with 30 mm
 

dia. holes to accept K-551600 30 and 100 ml flasks. (Accessory permits
 
Kjeldahl digestion outside of a laboratory fume hood, requires proximity
 
to a faucet for water aspirator).
 

SUPPLIES
 

Aspirator, water (required for use of K-551001-0030 fume hood)
 
Glasses, safety
 
Granules, micro, for smooth boiling, 10 mesh, plain, Hengar (cat. no. 136-CC)
 

(Amer. Sci. Products cat. no. N3916-2)
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TOTAL KJELDAHL NITROGEN DETERMINATION (Continued)
 

Grease, silicone, high vacuum, Dow Corning

Protector, Hot-Hand, silicone rubber (Fisher Scientific cat. no. 
11-394-300)

Ring stands, 3-prong clamps, clamp holders (for distillation glassware)

Tubing, laboratory, Tygon, 5/8 in ID, 1/16 in wall and 1/4 in ID, 1/16 in wall
 

GLASSWARE PREPARATION
 

1. The glassware is soaked overnight in 
a solution of Liqui-Nox detergent
 
and is rinsed with tap water.
 

2. The glassware is soaked in 0.1 N HC1 until ready for use. 
Glassware to

be used is rinsed with distilled water with a final rinse with deionized
 
distilled water for low-level Kjeldahl-N or ammonia-N determinations.
 
The glassware is best protected from pick-up of ammonia from the
 
laboratory atmosphere by storage in the 0.1 N HC1 acid bath.
 

REAGENTS
 

Boric acid solution:
 
Dissolve 20 g of boric acid, H3BO3 
in deionized distilled water and
 
dilute to I liter.
 

Digestion (sulfuric acid-mercuric sulfate-potassium sulfate) solution:
 
Dissolve 133.5 g of potassium sulfate, K2SO4 , in 650 ml of deionized
 
distilled water and 200 ml of concentrated sulfuric acid. Add 25 ml of
 
mercuric sulfate solution and dilute to 1 liter.
 

Mercuric sulfate solution:
 
Dissolve 8 g of mercuric oxide, red, HgO, in 50 ml of 1:4 sulfuric acid
 
(10 ml concentrated sulfuric acid: 
 40 ml deionized distilled water) and
 
dilute to 100 ml with deionized distilled water.
 

Nessler reagent:
 
Dissolve 100 g of mercuric iodide, HgI 2 , (Fisher M-166 or equivalent) and
 
70 g potassium iodide, KI, in 
a small volume of deionized distilled
 
water. 
Add this mixture slowly with stirring, to a cooled solution of
 
160 g of sodium hydroxide in 500 ml of deionized distilled water. Dilute
 
this mixturb to 1 liter. 
Allow to stand for 24-48 hours and decant off
 
the clear solution for use. This solution is stable for at least I year

if stored in 
a pyrex bottle out of direct sunlight.
 

Nitrogen stock solution, 1000 microgram ml1 NH3-N:
 
Dissolve 3.819 g of ammonium chloride, NH4C1, in deionized distilled
 
water and dilute to 1000 ml. 
 Preserve with I ml of chloroform.
 

Nitrogen standard solution, 20 microgram ml1 NH3-N:
 
Dilute 20.0 ml of nitrogen stock solution with deionized distilled water
 
to 1000 ml. Prepare fresh for each set of samples.


Nitrogen working standard solutions:
 
Using 200 ml volumetric flasks, dilute the following volumes of the 20
 
microgram ml1 
NH3-N standard solution to volume with deionized distilled
 
water. Prepare fresh for each set of samples.
 

Nt\
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TOTAL 	KJELDAHL NITROGEN DETERMINANION (Continued)
 

-
ml of 	20 microgram.ml1 NH3 -N
 
standard solution 
 mg NH3 -N / 50 ml
 
diluted to 200 ml
 

0.0 
 0.00 	(Blank)
 
2.0 
 0.01
 

10.0 
 0.05
 
20.0 
 0.10
 
50.0 
 0.25
 

100.0 
 0.50
 

Sodium hydroxide-sodium thiosulfate solution:
 
Dissolve 500 g of sodium hydroxide, NaOH, and 16 g of anhydrous sodium

thiosulfate, Na2S203 , in deionized distilled water and dilute to 1 liter.
 

DIGESTION PROCEDURE
 

1. 
 Transfer 50.0 ml of a well homogenized sample or an aliquot diluted to
 
50.0 	ml into a 100 ml Kjeldahl flask.
 

2. 
 Add 10 ml of digestion (sulfuric acid-mercuric sulfate-potassium sulfate)

solution and 3-5 Hengar granules. The Hengar granules are soaked in
 
0.1 N HCl overnight, rinsed with deionized distilled water, dried and
 
stored closed to the atmosphere.


3. 	 Place the prepared samples on 
the digestion apparatus in a laboratory

fume hood or outfit the digestion apparatus with the accessory glass fume

hood (Kontes). 


4. 	
This glass fume hood is attached to a water aspirator.


The heat controls on the digestion apparatus are set near the "high" to
 
boil 	off the water (about 1.5-2.0 hours).


5. 	 When white, cloudy fumes of SO3 are given off, increase the heat control
 
setting to "high" and begin timing the digestion.


6. 
 Allow the digestion to proceed for 40 minutes or until the digestion is
 
complete. During this time, rotate and gently swirl the flasks at

intervals to dislodge any material adhering to the walls of the flask and
 
to bring it into contact with the acid. The digestion is complete when

the digest becomes clear, colorless or pale yellow and there are no
 
particles of charred material remaining.


7. 	 After the flasks have cooled, add about 30 ml of deionized distilled
 
water to each flask to dissolve the cake of material. It may be
 
necessary to warm the flask gently to complete the dissolution.
 

8. 	 Digest the standards, and at least, 2 blanks by the same procedure.
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TOTAL KJELDAHL NITROGEN DETERMINATION (Continued)
 

DISTILLATION PROCEDURE
 

1. 	 Fill the steam generator flask with deionized distilled water. Turn on
 
the heating element and the condenser cooling water. Adjust the velocity
 
at which the steam is generated by changing the output voltage of the
 
variable voltage transformer.
 

2. 	 The distillation apparatus should be pre-steamed before use. Attach a
 
clean Kjeldahl flask with about 30 ml of deionized distilled water and 10
 
ml of sodium hydroxide-sodium thiosulfate solution. Adjust the vent plug
 
on the steam generator flask and the three-way steam control stopcock
 
(stopcock B) on the distillation head to allow steam to enter the flask.
 
The entrance tube stopcock (stopcock A) should be closed. After 10
 
minutes, begin collecting the effluent and testing for ammonia by the
 
addition of the Nessler reagent. Continue steaming the apparatus until
 
the effluent is ammonia-free. Repeat this procedure if the apparatus is
 
idle for more than 4 hours.
 

3. 	 Adjust the vent plug on the steam generator flask to the open position to
 
allow the generated steam to exit through the vent tube. Close both
 
stopcocks (A and B) on the distillation head.
 

4. 	 Add 5 ml of boric acid solution into a 50 ml erlenmeyer flask and set
 
the ground glass stopper aside. Place the flask with the tip of the
 
extension tube of the condenser below the level of the boric acid
 
solution. The erlenmeyer flask is considered in the "up" position when
 
the condenser tip is submerged in the boric acid solution.
 

5. 	 The distillation can be carried out directly from the Kj. IJahl digestion
 
flask. Dispense 10 ml of sodium hydroxide-sodium thiosulfate solution
 
into the reservoir above the entrance tube stopcock (stopcock A). Open
 
the entrance tube stopcock and allow the sodium hydroxide-sodium
 
thiosulfate solution to slowly enter the digestion flask without mixing.
 
Close the stopcock immediately. No NOT allow steam to enter the Kjeldahl
 
flask before or during the addition of the sodium hydroxide-sodium
 
thiosulfate solution, otherwise a violent bumping may occur when that
 
alkaline solution is added.
 

6. 	 Adjust the three-way steam control stopcock (stopcock B) to permit steam
 
to enter the Kjeldahl flask through the steam entrance tube. Adjust the
 
vent control plug on the steam generator to the closed position to allow
 
the generated steam to go to the distillation head.
 

-1
7. 	 Distill about 35 ml of distillate at a rate of 6-10 ml min with the
 
erlenmeyer flask in the up position. Lower the erlenmeyer flask to the
 
"down" position so that the tip of the extension tube of the condenser is
 
above the level of the boric acid. This will permit the distillate to
 
wash the tip of the tube. Collect about 20 ml of additional distillate.
 
It may be necessary to adjust the rate of distillation or the volumes
 
collected in the "up" and "down" position to insure maximum recovery of
 
ammonia with a minimum distillation time.
 

8. 	 Dilute the collected distillate to 50.0 ml and replace the ground-glass
 
stopper on the flask. Set the flasks aside until all samples, standards
 
and blanks have been distilled.
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TOTAL KJELDAHL NITROGEN DETERMINATION (Continued)
 

NESSLERIZATION
 

I. 	 To a 50.0 ml sample or an aliquot diluted to 50.0 ml, add 2 ml of Nessler
 
reagent and mix.
 

2. 	 After 20 minutes read the absorbance at 425 rum against a deionized
 
distilled water reference. Subtract the mean absorbance of the blanks
 
from the absorbances of the samples and standards. 
 From the values
 
obtained prepare a standard curve of absorbance vs. mg NH3-N.
 

3. 	 Calculate the Total Kjeldahl-N in the original sample as follows:
 

-
TKN (mg 1 1)= A x 000 x B
 

C xD
 
where:
 

A = mg NH3 -N read from standard curve.
 
B = ml of total distillate collected including the boric acid and
 

dilution.
 
C = ml of distillate taken for Nesslerization.
 
D = ml of original sample taken for digestion.
 

REFERENCES
 

Golterman, H. L., 
R. S. Clymo and M.A.M. Ohnstad. 1978. Methods for physical

and chemical analysis of fresh waters. IBP Handbook No. 8, 2nd. ed.
 
Blackwell Scientific Pub., Oxford. 213 pp.
 

U.S.E.P.A. 1979. 
Methods for chemical analysis of water and wastes. U.S.
 
Environmental Protection Agency, Cincinnati, OH 45268. 
 EPA 600/4-79/020.
 

JRC
 
30 January 1985
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ANALYTICAL METHOD
 

NITRATE-NITRITE NITROGEN
 

REFERENCE
 
Michigan State University Limnological Research Laboratory, 1984. 
Unpublished memo
 

on nitrate-nitrite nitrogen determination. 
East 	Lansing, MI. 5 pp.
 

Nitrate is quantitatively reduced to nitrite by a cadmium-copper couple
in an alkaline buffered solution (pH 8.5). This nitrite and any nitrite

originally present in the sample is reacted with sulphanilamide in a strongly

acidic medium to form a diazonium compound which reacts quantitatively with
N-(l-napthyl)ethyl-enediamine dihydrochloride to form a strongly colored azo
compound. 
The procedure described below is an application of the methods of
the American Public Health Association (1980), Strickland and Parsons (1972)

and Wood et al. (1967). 
 If separate, rather than combined nitrate-nitrite

values are required, nitrite standards can be prepared and nitrite can be
determined without the reduction step. 
Nitrate is obtained by subtraction.
 

Sensitivity: 0.01 mg N03-N 1- 1
 
Working range: 0.01 to 1.0 mg N03 -N 1-1
 

GLASSWARE:
 

Flasks, erlenmeyer, 125 ml, pyrex (sufficient number for blanks,
 
standards and samples)
 

Cylinders, graduated, 50 ml
 
Pipets, transfer, 2, 5, 10, 20, 25 and 75 ml

Reduction columns (custom construction by glassblowing shop or from
 

Fisher Scientific, Cat. No. 13-942) (see: 
 American Public Health
 
Association (1980) Standard Methods, 15th ed., 
p. 371, for construction
 
details)
 

Ring 	stand and buret holders
 

GLASSWARE PREPARATION:
 

1. 
 Glassware is soaked overnight in a solution of Liqui-Nox detergent

and 	is rinsed with tap water.
 

2. 	 The glassware is soaked in 1 N hydrochloric acid for a minimum of 15
 
minutes and is rinsed with deionized distilled water.


3. 
 After the glassware has dried in an inverted position, it is capped

with aluminum foil to protect the interior from dust.
 

4. 
 Chromic acid cleaning solution may be used to clean this glassware
 
initially or as necessary.
 

NOTE: 
 Do not use nitric acid to clean this glassware.
 



F-69 

NITRATE (Continued)
 

REAGENTS:
 

Cadmium metal:
 

Cadmium course powder, for filling reductors, EM Reagents (Cat. No. 2001)

(particle size: 0.3-1.5 mm) (available from: VWR Scientific, Cat. No.
 
EM-2001-2, 250 g/btl.)
 

Color Reagent:
 

Dissolve 10 g of sulfanilamide (Baker V153, Fisher 0.4525 or equivalent)
 
and 1 g of N-(1-naphthyl)ethylenediamine dihydrochloride, reagent ACS
 
grade (Kodak 4835 or equivalent) in a mixture of 100 ml concentrated
 
phosphoric acid and 800 ml deionized distilled water and dilute to 
1
 
liter. Store in a low actinic glass bottle (dark brown or deep red
 
bottle). Renew once a month or immediately if reagent develops a dark
 
brown coloration.
 

Ammonium Chloride-EDTA Solution:
 

Dissolve 13 g of ammonium chloride and 1.7 g of disodium ethylenediamine
 
tetracetate (EDTA) in 900 ml of deionized distilled water. 
Adjust the pH
 
to 8.5 with concentrated ammonium hydroxide and dilute to 1 liter.
 

Dilute Ammonium Chloride-EDTA Solution:
 

Dilute 300 ml of ammonium chloride-EDTA solution to 500 ml with deionized
 
distilled water.
 

Copper Sulfate Solution, 2%:
 

Dissolve 20 g of cupric sulfate penta-hydrate (CuS04 *5H20) in 500 ml of
 
deionized distilled water and dilute to 1 liter.
 

Hydrochloric Acid, 6 N:
 

Carefully dilute 50 ml of concentrated hydrochloric acid to 100 ml with
 
deionized distilled water.
 

Nitrate Stock Standard Solution, 1000 microgram ml"I NO3-N:
 

Dissolve 7.218 g of potassium nitrate, KNO3 , (dried for 1 hour at 110°C)
 
in deionized distilled water and dilute to 1000 ml. Preserve with 2 ml
 
of chloroform per liter. This solution is stable for at least 6 months.
 

Nitrate Intermediate Standard Solution, 10 microgram ml-IN03 -N:
 

-
Dilute 10.0 ml of nitrate stock standard solution (1000 microgram ml 1 )
 
to 1000 ml with deionized distilled water. Prepare fresh for each new
 
set of samples.
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Nitrite Stock Standard Solution, 1000 microgram ml-1 N02-N:
 

Dissolve 4.926 g of sodium nitrite, NaN02 , in deionized distilled water
 
and dilute to 1000 ml. 
Preserve with 2 ml chloroform per liter. This
 
solution is stable for 2 months.
 

Nitrite Intermediate Standard Solution, 10 microgram mll N02 -N:
 

Dilute 10.0 ml of nitrite stock solution (1000 microgram ml- to 1000 ml
1)

with deionized distilled water. Prepare fresh for each new set of
 
samples.
 

REDUCTION COLUMN PREPARATION:
 

1. 	 Prepare cadmium for all columns in one batch. 
Prepare enough

cadmium to be used to a depth of 20 cm. 
Four reduction columns are
 
a convenient number for use.
 

2. 	 Wash the cadmium with 100-150 ml of 6 N hydrochloric acid and rinse
 
well with distilled water until the wash is 
no longer acid (pH

greater than 5). Decant as much of the final liquid as 
possible.


3. 	 Stir the cadmium in 100-150 ml of the 2% cupric sulfate solution
 
until all the blue color has disappeared from the solution and
 
brown, semi-colloidal copper particles begin to appear in the
 
supernatant liquid. After the addition of the cupric sulfate
 
solution, the cadmium particles should 
never be exposed to the air.
 
Wash the cadmium with distilled water until the brown copper
 
particles are removed.
 

4. 	 Insert a small plug made of fine copper turnings into the bottom of
 
each reduction column.
 

5. 
 Fill 	the column with dilute ammonium chloride solution and pour in
 
sufficient cadmium to produce a column 20 cm in length. 
Add the
 
cadmium a little at a time, pausing to tap the column after each
 
addition to make sure that the cadmium is well settled. Wash the
 
column thoroughly with the dilute ammonium chloride solution.
 
During this washing procedure, check the flow rate of the packed

column. The flow rate should be such that 
100 ml of solution takes
 
between 8 and 12 minutes to pass through the column. If the 100 ml
 
of solution takes less than 8 minutes, slow the column by

restricting the outlet by adding a short piece of tygon tubing to
 
the outlet and using a clamp-screw compressor (nylon, Bel-Art
 
Products, Cat. No. F18225, doz.). 
 If the flow takes more than 12
 
minutes, loosen the plug at the bottom of the column. 
Add a plug of
 
copper turnings to the top of the column to prevent cadmium
 
particles from being washed into the reservoir when solutions are
 
added to the column. When the columns are not in use, the cadmium
 
must be completely covered with dilute ammonium chloride solution.
 



PRE': 	RATION OF WORKING STANDARDS
 

Nitrate and/or Nitrite Standard Solutions:
 

Using 200 ml volumetric flasks, dilute the following volumes of the 10
 
-
microgram ml intermediate standard solution. Prepare fresh for each
 

new set of samples.
 

ml of 10 microgram ml " I 
mg N03-NO2 -N 1

-1
 
intermediate standard solution or
 

diluted to 200 ml 
 mg N02 -N 1
-1
 

0.0 
 0.00 	(Blank)
 
2.0 
 0.10
 
5.0 
 0.25
 

10.0 
 0.50
 
15.0 
 0.75
 
20.0 
 1.00
 

PROCEDURE
 

1. 	 Activate the columns by passing through each column 100 ml of
 
solution composed of 25 ml of 1.0 mg N03 -NO2-N standard and 75 ml of
 
ammonium chloride-EDTA solution.
 

2. 	 Filter the samples through a glass fiber filter or 0.45 micrometer
 
membrane filter to remove suspended matter. This avoids potential
 
clogging of the top of the columns.
 

3. 	 To a 25.0 ml sample, add 75 ml of the ammonium chloride-EDTA
 
solution and mix. The pH of this prepared sample should be 8.5
 
after the addition of the ammonium chloride-EDTA solution (Note 1).


4. 	 Pour about 5 ml of the sample into the reduction column and allow it
 
to pass through the column. This insures that the liquid at the top
 
of the column has the same composition as the sample avoiding
 
possible dilution. Add the balance of the sample to the column.
 

5. 
 Discard the first 35 ml of column effluent.
 
6. 	 Collect the next 50 ml in a graduated cylinder and return that
 

volume to the original sample flask.
 
7. 	 Collect the remaining 10-15 ml of sample (until flow from the column
 

ceases) in the graduated cyclinder and save temporarily. If the
 
concentration of the sample exceeds 1.0 mg N03-NO2-N 1-

1
 , this
 
remaining volume of reduced sample can be used to make an
 
appropriate dilution. Using a second graduated cylinder for this
 
column, begin passing a new sample through the column (step 4).
 
This will save time while waiting for the color development of the
 
previous sample.
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8. Within 15 minutes after passage of the sample through the column,
 
add 2.0 ml of color reagent to 50.0 ml of sample. Allow 10 minutes
 
for complete color development. Measure the absorbance at 540 nm
 
against deionized distilled water. The color is stable for at least
 
2 hrs.
 

9. 	 If the absorbance of a sample appears to exceed that of the highest

standard (1.00 mg N03-NO2 -N 1 1), make a dilution with deionized
 
distilled water of a portion of the reduced sample saved. 
Add color
 
reagent and read the absorbance after the color development period.
 
Record the dilution used.
 

10. 	 Carry out the reduction of the nitrate standards and a blank exactly
 
as described for the samples. A complete set of standards and a
 
blank should be run through each column in use.
 

11. 	 At least one nitrite standard should be compared to a reduced
 
nitrate standard at the same concentration (preferably the 1.0 mg
 
N03 -N 1

- 1 standard) to verify the efficiency of the reduction
 
columns. The efficiency should be greater than 95%. If not, repack
 
the column according to the reduction column preparation procedure
 
given above. That same nitrite standard may also be passed through

the column to check on possible reduction past the NO2 oxidation
 
state. This is especially important if the nitrite concentration
 
exceeds 30% of the nitrate-nitrite concentration.
 

12. 	 Subtract the mean absorbance of all blanks run from the absorbances
 
of the samples and standards. In addition, subtract any absorbance
 
at 540 nm due to humic and fulvic substances from the samples

absorbances (Note 2). From the values obtained, prepare a standard
 
curve of absorbance vs. mg N03 -NO2-N 1 -1. If nitrite is not
 
determined separately, report the results as mg N03-NO2 -N 1- 1.
 

NOTES:
 

1. 	 If samples are acidified for transport or storage, they should be
 
brought to a pH of 7-8 with concentrated ammc.aium hydroxide (keep

this reagent away from ammonia or kjeldahl nitrogen glassware and
 
apparatus). The strong acid added for preservation will exceed the
 
base buffering capacity of the ammonium chloride-EDTA solution. The
 
sample solution pH must be 8.5 or greater for reduction to take
 
place in the column. Samples preserved with acid cannot be later
 
analyzed for nitrite since the acid treatment alters the proportions
 
of nitrate and nitrite in the sample. However, a nitrate-nitrite
nitrogen determination can be made.
 

2. 	 If the samples are visibly brownish in their natural color due to
 
humic or fulvic acids, the absorbance of each sample must be
 
measured separately and subtracted from the absorbance of that
 
sample after color development.
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10cm " 
5cm 1.0 

t.R,'duc'imj cgIunn.'" Pt,rchase or 
•io,iruct the column (Figure 418:1) from a 
IIXI-mL. volumetric pipet by removing the 
top ptrtion. The column also can be con-

.. 'ucted from Iwo pieces of tubing joined 
end itend: .join a lU-cm length ol 3-cm-Il) 
tubing to it25-cm length of 3.5-mm-lD cth
ing. "30cm 

1mm ,0 

-10inn 1.0. 

-Cl/ HK 

Gigiur wool i.u 

Figure 418:1: Reduction column. 
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1002 G. 

The char cterist ic ali!l ,itlm.ns are 
chloriphylls. xanlhophylls. and caro-
tenes. I'hc three chlorophylls commonly 
Iound in planktonic algae are chlorophylls 
ai. h. and c. Chlorophyll t constitites ap-
proxiimately I ito 2' of the dry weight of 
trga ic llterial iI all plai Iolic algae and 
is (he preferred indicator loI"algal hiornass 
estimiates. Chlorophyll ;:otcnlt oI cell% 
varies with specie: or taxonomic group, 
and is affected hy age. giowth rat.e, light, 
and nutrient conditions " 

Two melhods for determining chloro. 
phyll it in phyloplankton are available. the 
spectrophotonietric" : - and Iluoromel 
tic." ""'N [he latter ,, more sensitive. re-
quires less sample-, and has heen adapled 
for in vivo mieasurements. A specilhc 
met hod for chlorophyll i . more sensitive 
thai the trichromalic met hod described 
below, e.pecially for Sample-, of low pig. 
inent content, i,; available " hilt is not ili-
ehded here. 

I'heophinyl a. a conmon degradation 
prodicl of chl.rophll it. can interfere 
A ith the determination of chlorophyll it 

becau.se it absorbs light and fluoresces ,I 

the same region oltle spcI rumas cfiloro-
phyll i and. if pr;esent. n;ay Case errors ill 

chlorophyll i values. '" When measuring 
chlorophyll It measure also the concentra-

Chlorophyll 

lion orplicophytin it. ['he ratio or chloro
phvll it to pheophylin it serve-, as a good 
indicator of physiological condition of 
phtoplakion. Another useful water 
quality indlcator is the ratio of' hiomias-, it 
chlorophII a I.Autotrophic Index). In tin
rolluted walers (he plankton population I,, 
composed largely of autt'rophic (flood
prodticing). chlorophyllous algae. As wa
ters become oigani .. lly enriched, the pro
portion ol hetcrolrtophic (consuming). 
nonchlorophylloos organisms. such as the 
iilanentous bacleria and stalked protozoa. 
increases. The At, olrophic Index (AI) i,; a 
meain, of'relaling changes in plankton spe
cies compositon ito changes in water quaal
ity.4 ' Calultlc a,,: 

Iiimi tash-frce wI of 
AI o iterl,m mg/m' 

Normal Al values range from 50 to 2). 
Larger Al valuese ahove 2001 indicale 
poo, wkater ,hialt 

1 Spectropholomelric Determination of 

Chlorophyll a. b. and c (Trichromatic 
Melhod) 

The pigntws are extracted frotnithe 
plankton concentrate with aquteous ace
lone and the oplical density (absorbancel 

http:becau.se
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of the extract is d.itermined with a spec- of filtering. Store concentrated samples
irophotometer. When immediate pigment frozen in a desiccator in the dark ifextrac
ct-.aclion is not possible (as described be- tion is delayed. Use glassware and cii
low). the samples may be stored frozen for vettes that are clean and acid-free. 
as long as 30 days if kept in the dark. The 2) Place sample in a tissuie grinder. cov.. 
ease with which the chlorophylls are re- cr with 2 to 3 ml. 90. aqueotis acetone
moved from the cells varies considerably solution, and macerate Use 'F/:l'glass
with different algae. To achieve complete grinder I'or glass-liher filter and glass.
extraction of lhe pigments, it is necessary glass grinder for a membrane filter. 
isially to disrupt the cells mechanically 3) 'ransfcr sample to a screw-cap cen
with a lissue grinder. trifuge tube. rinse grinder with a'c'v mil

l:ln'ni' a. rcai,'tn is:."ilitersant 9(Y' aqueous acetone. and add the 
I)I .pleir~sp/uutiter. with a narrow rinse to the extraction slurry..A,djust totalhand (0.5 to 2.0 nm) because the chloro- volume to a constant level. 5 to 10 ml.

phyll absorption peak is relatively narrow, with 9(Y ; aqueous acetone. Use solvent 
At a spectral band width of' 20 nm the sparingly and avoid excessive dilution of
chlorophyll i concentration may be under- pigments. Steep samples overnight al 4 C 
estimated by as m ch as 4(Y'r. in the dark. 

2) C'ue/s with I cm. 4 cm. and 10cm 4) Clarify extract hy cent rifuging in 
path length. closed tubes I't 20 min at 500 .. Decant

3) C'Iiiea c'uitrili,v. the clarified extract into a clean. cali
4) Ti.u., rinhr. Successfully mace- hrated. 15-rmt.. screw-cap centriftge tuhe 

rating glass tiber filters in tissue grinder% and measure lie total voltme of e i ract.
with grinding tihe and pestle of conical 5) Transfci extract to a I-cm ctvele 
design may he diflicult. Preferably use and measre optical densily (()I) at 75(0.
grinding tubes and pestles with rounded 663. 645. and 630 1i1. Choose a cell path
bottoms. length itr dilutlion to provide an ())663

5) C1'mriuuc inhc. I.1. ml. graduated, greater than 0.2 and less than 1.0. 
srew-cap. <. ( (1 Ian/,/" Use the opt all deIIstI\ 

6) Pilrai,in, eqipm eni. filters. meein- readings al 603. 45. and 631 nin I'o the47brance f0.45 A&mporosity, -mm diamn or determination of chlorophyll a. h. and . 
glass iber (GF/C or GI/A. 4.5-cm diam): iespectivcly. The OD) reafing att 75t0 nit 
vacijitn pump. serves as a correctii fo: irhtidiy. Sub

7) , hto,,o'l.'iii,, orb ,Is' I eIII'nII.i.: tract this reading troli eacth ol't he l1cglilelil
Add 1.0 g finely powdered MgC(, to I(X) 01) values ol'the other w\avelengilhs before 
nil distilled water. using them in the equatitons belo% .c.

8) Aqnpous aw'lmu %i)+t6miu. 90 cause the 0)D oi"t the ex tract atMix 7501 in is 
parts acetone (reagent grade BP 56 C) very sensitive to c.'anges in the acetone
with 10 parts water (v/v). to-waler proportions,. adhere rigidl, to the

h. Prci'edgrr: 90 parts acetone: 1( parts water (v/v) for
l) Concentrate the sample by centrifug- mula for pigment extraction.

ing or filtering (membrane or glass fiber fit- To avoid u:,ing the 750-nm reading.
ter). Add 0.2 mL MgCO, suspension be- clear the pigment solution by centriftging
fore centrifuging or during the that phase for 20 min at I.OK) ., and use a light path 

limited to I cm However. when tlhe posi
*Ktmnl h,31as(.'ompany. Vinlnd. N.J. mm.): GtIa' bility o" restispending sediment ex st.,.glass grindcr. Model No. X550O; Gla,,'leflon grinder. make the 750-nn ieading. This is common-Model Ni Xm6(X). or cquival.nt. ly a problem when tisi',g glass filer ilters 

http:cquival.nt
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and a centrilu(ge with :a slant held. "l'o I- men ol'chlorophyll it in vivo is availahle. 
duce this dilliculty use a swing-ou ccnri- hill is reporled t) he less etficient than 
tuge head and additional aiounls of file in vitro mlethod given here. yielding
MgCo added immediately before cenlirl- about one-Icnh as much fluorescencc pei
l'uging. unil weighi as Ihe same amount in solu

1) Calculate the Con.ceilrat ions oi lion. lPheophyin ( also can he determined 
chlorophyllia. h. and v in the exi ral hy iii- il~or-:ncn tricdly."

serting the correcled optical densities in 
 at. "(llq flli/ll ld 1'(110 .(i;/11.1"
fllowing equations: I) I-Ihrom,'n.r. equipped wilh a high. 

inlensity F4"T.5 bl lamp. photomtihipliert Chi . mg/. = 11.64 t1D663 - 2.16 tube R-136 (red sensitive). sliding window 
( ))6415 1.11 () 6 3 oriices I •. 3 <. 10 y. and 30 x. and lilters 

hI (hI h. m j.1. 20I 97 1(01t)6J 1. br lighl e ission (CS-2-64) and excitation 
(0 1 .6631 3.66 (01) 31 (CS-5-6011). and a high-srensilivity door. 

2 Olher equipment and reagents a,, 
.l (hI . mg,'L = I52())6.10i - 14 t I specilied f'Or the Spec Iropho ometric De

(Ot)1f. 5.53 ()1)663) Il'rminat son o' Chlorophyll. above.
h. /',0 (.1/11r-c. 

where: 11 Cdlibrate fluorometcr with a chhiro. 
013663. 013645. phvll soliuion of' known concentration asand ()D630 = corrected oplical densitis fi)llows:
 

(wiih a 
 I cm hght paiihi alihe a) lrepare chlorophyll c.iract and ana. 
respective wavelengths. lyze spectrophotometrically. 

h) Prepare serial dilulions of the em.Iri.I2) Alter determining ihe concentration lo provite concentralions or approxirnale
or' pigment in the extracl. calculale the ly 2. 6. 20. and 60 ,ug chlorophyll al.
 
amount of pigment per unit volume 
 s loH- c) Make readings l'or each soluton ;il
lows: each sensitivity setting (sliding \vind\os o.i 

Chlorophyll i. mg/ni' = icel: I . 3 . I0': and 30 
d) Using the a;ilues obtained above. de-Chl ×exractvoum. I. rive calihration lactors convertto fluoro-

Volume of sample. m, metric readings in each sensitivity level t,
 
where: 
 concentrations chlorophyll i. as fbllows 
Chi i = chlorophyll concentration in the ex

tract determined by E tqlualion ;l 
 I.. 
above. R,
 

2. Fluorometric Method for Chlorophyll a where: 
I. - catihraiion f;ichtr fAr sensilvi ,elThe fluorometric method for chloro- ling A.
 

phyll a is more sensitive than the speclro. 
 R. reading of ihe luoromeler I'r ,ensi
photometric method. requires i smaller livily setting .S. and. 
sample, and does not require the wave- (., concentnration ofchlorophyll a dete
length resolution necded for the spectro- inined spec rophowosetricallv. g I 
photometric melhod. Optimum sensitivil 2e2) M'Vcasmr sasampl(: fluore:scence at sellfor in vitro chlorophyll i measurement is , ins that wil provide a rit 
obtained at an excitation wavelength of 
430 nm and an emission wavelength of 66.1 tNltcl 1II. 1urner Asoe.. 2524 Pullia, Ave.. '.,t., 
nm. A method for continuous measure- Ai. Caihf.. or equivlicnt 
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scale reading, Convert fluorescence read- h. I'r I.: 
ings to concentrations of chlorophyll at hy I) Extract the pigment with 90'; ace
multiplying the readings hy the appropri- tone (v/v). clarify hy centrif'uging (ice Sec.ate calibraiion factor. lion 1002G. lh). and read ()) at 750 nni3) Avoid using the I x window h.cmase and 663 [n.
tf'quenching elfcls. 2) Acidlif'y extract in a I-cm cuvette 

3. Spectrophotomelric with 2 drops IN HLI. II'a larger cell is usedDetermination of add a proportionately lager volume
Chlorophyll a in the Presence of Pheophy-

of" 
acid. Gently agilatc the acidified extract 

tin a and :ead OD at 750 nm and al 665 um notChlorophyll at may he overestimated by sooner than I min or later than 2 min al'ter
including pheopigments that absorb near acidification. Treat all samples identically.the same wavelength as chlorophyll 1. 3) Subtract the 750-nm 01) value from
Chlorophyll i. acidified with dilute acid. the readings before (01)663 nmn) and afterdegrades to pheophytin i. which has max- acidificalion (01)665 nm).imam absorption at wavelengths of 410 c. C'iUh,,Iiol.: Using the corrected
and 665 (667) nm. Additional acidification values calculate chlorophyll a (C) andwith more concentrated acid results in lfir- pheophytin a (') per cubic meter as fol
ihcr degradation to pheophorbide-like lows: 
compounds.'" Addition of acid to chloro
phyll a results in loss of the magnesium I) c. mg/n' = 26.73(663x,- 66L,) x V,
atom. converting it io pheophylin it. When v. x L a solution of pure chlorophyll a is convert- 2) P. rgm:l = 26.73 1/.7 ,
ed to pheophylin atby acidificaion,. the ab
sorption peak is reduced to approximately where: 
6(Y;; of its original value and shifts ['roin V, = volume r exmract. ..
663 nm to 665 nm. This resulls in a helbre- V: = volume of sample. i'.
tio-al'ter acidificalion absorption-peak-ratio I. light path length or width of cuvette. 
()D663/OD665) of' 1.70 and is used in cor- cm. and 
recting the apparent chlorophyll a concen- 6.6. apical densities at' (Y4 .icctne x
tration for pheophytin (i. tract hcforc and alter acidilicalion. 

Samples with an OI)663 helore'(l)665 respectively. 
ater acidification ratio (663,j66s,,j of 1.70 
are considered to contain little if any rhe value 26.73 is the ahsorbance correc.
pheophytin a and to be in excellent phyvs- lion and equtls A ( A 
ological codiltion. Solutions ol' pure where:
pheophytin show no reduction in )D665 A = ahsorhance collicien for chloro. 
upon acidification and have a 663,J665,, ra- phyll i at 663 nm = 11..0. andlio of 1.0. Thus. mixtures of' chlorophyll K = ratio expressing correction for acid
a and pheophylin a have absorption peak ificaiion. 
ratios ranging between 1.0 and 1.7. These
 
ratios are based on the use of 9(Y; acetone 663&
 
as solvent. Using 100'1 acetone as solvent _.66. % ....
. ,,.
results in a chlorophyll a before-to-after - 66., "66-k 

'acidification ratio of about 2.0. : " 
I65, ..-

a. Equipmntilnd rV.'ageitts: 
I) See Section 1002G.1a.21 ilvdrh'r,' c 'id, HG.I I/V. 2 '---

1.7 
= 2.431.7 - 1t) 

http:1002G.1a
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4. Fluorometric Determination of Chloro-
phyll a in the Presence of Pheophytin a 

To determine florometrically the con-
centration of pheophyin a requires the 
measurement of the fluorewcence of ace-
tone extracts before and after acid-
ification. Acidification of acetone extracts 
of chlorophyll a and the resultant con-
version of chlorophyll a to pheophytin 
aj causes a reduction in fluorecence. 
which can be lsed to determine the con. 
centration of pheophytin a in the extract. 

II. c'(k,. ,I cml
~qlfl tlclH 

a. hA*qaipart-a andI rea(11',?'.l 
I See Section 1002G.2,. 

21 Ivdr,,hhri" ar'id. HCI. IN. 
3) I'r, iIh',ri/hylI at (or a plankton 

chlorophyll extract with heftore-and-at'er 

acidification ratio or 1.70). 
h. Pro'e-datre: Calibrate fluoronieter s 

in Section 1002G.2h. Determine extract 
fluorescence at each sensitivity setting he-
f'ore and alter acidification. Calculate cali-
bration factors (/"',and hefre-and-alter 

thirili-td hlorophyll . Sigma Chemical ('ompan). Si 
-umi'. \to.,or eqiuiv.i-leni 

BIOLOGICAL EXAMINATION (1000) 

acidilicalion fluorcscccc ratio by dividing 
the tLircscnce reading obtained before 

aidlificatlion hy the reading obtained alter 
acidificatio. Avoid readings on the I , 
,cale and those outside the range o' 20 to 
80 fluoronictric uni . 

'ha,,,i. the 
rected" chlorophyll a and phcophytin a in 
extracts of plankton samples. using the 
following equation%:" 

(. (Ch Determine "cor

(hlorophll i. mgn' F. H,i 

Piheophytin a. ngm I. - (rR., - RA) 

where: 
V c(nverrmn fiaclor for sensitivitv set. 

ring" S" Ise I12G.2h). 
IU,. tltirecence of extract betore acid. 

iticallon.
 

R.. z Iltitrcicence of extract after acid. 
itication. and 
R,,,. ,idetermined with pure
chhi wphyl a for the instrui-il 

Retlerimne "-if tilters or light soitire
are- c .ti t.giu 
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PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE)
 

REFERENCE
 
American Public Health Association, 1980. 
 Standard methods for the examination
of water and waste water, 15th ed. APHA, Washington, D.C. pp. 409-426.
 

For phosphorus forms, the methods presented in the previous workplan
represented an adaptation of "Method 365.2 (Colorimetric, Ascorbic Acid, SingleReaqent)" Dublished by thp II.S_ Fnvirnnmnn+=1 A----,,. -I-,a 


...... ... . ...- - - .. .... . - , % , Vuu 1..u uUIuwp, Lnai wereoutlined by the American Public Health Association (1980). To facilitate cross
referencing, relevant sections from both sources are as follows:
 

American Public 
 U.S. Environmental
 
Parameter Health Association Protection Agency
Procedure (1980) (1979)
 

Total Phosphorus Persulfate digestion 
 424 C (Ill) 8.1
 

Ascorbic acid/ 
 424 F 
 8.3.2
 
colorimetric method
 

Dissolved Preliminary filtration 4.2
420 A 

Orthophosphate
 

(Filterable Reactive Phosphorus)
 

Ascorbic acid/ 
 424 F 
 8.3
 
cokorimetric method
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424 PHOSPHORUS
 

Phosphorus occurs in natural waters 
and in wastewaters almost solely as phos-
phates. These are classitied as ortho-
phosphates, condensed phosphates (pyro-. 
meta-. and other polyphosphates). and or-
ganically bound phosphates. They occur 
in solution, in particles or detritus, or in 
the bodies of aquatic organisms. 

These forms of' phophate arise from a 
variety of sources. Small amounts of cer-
tain condensed phosphates are added to 
some water supplies during treatment, 
Larger quantities of the same compounds 
may he added when ihe water is used for 
laundering or other cleaning. because 
these materials are major constituents of 
many commercial cleaning preparations. 
Phosphates are used extensively in the 
treatment of boiler waters. Ortho-
phosphates applied to agricultural or resi-
dential cultivated land as fertilizers are 
carried into surface waters with storm 
runoff and to a lesser extent with melting 
snow. Organic phosphates are formed pri-
marily by biological proccsses. They are 
contributed to sewage by body wastes and 
food residues and also may be formed 
from orthophosphates in biological treat-
ment processes or by receiving water 
biota. 

Phosphorus is essential to the growth of' 
organisms and can be the nutrient that 
limits the primary productivity of a body 
of water. In instances where phosphate is 
a growth-limiting nutrient, the discharge 
of raw or treated wastewater. agricultural 

photosynthetic aquatic micro- and macro
organisms in nuisance quantities. 

Phosphates also occur in bottom sedi
ments and in hiological sludges, both as 
precipitated inorganic forms and incorpo
rated into organic compounds. 

Phosphorus analyses embody two gen
eral procedural steps: (a) conversion of 
the phosphorus form of interest to dis. 
solved orthophosphate, and b color
imetric determination of dissolved ortho
phosphate. rhe separation of phosphorus 
into its various forms is defined analytical
ly hut the analytical differentiations have 
heen selected so that they may be used for 
interpretive purposes. 

Filtration through a 0.4.-/±m membrane 
filter separates *"filtrable" from "non
filtrahle" forms of phosphorus. No claim 
is made that filtration through 0.4.-Am fil
ters is a truje separation of suspended and 
dissolved forms of phosphorus: it is 
merely a convenient and replicable analyt
ical technic designed to make a gross sepa
ration. This is reflected in the use of the 
term "filtrable" (rather than dissolved) to 
describe the phosphorus forms deter
mined in the filtrate that passes the 0.45
pm filter. 

Memhrane filtration is selected over 
depth filtration because of the greater like
lihood of obtaining a consistent separation 
of particle sizes. Prefiltration through a 

drainage, or certain industrial wastes io glass fiber filter may be used to increase 
that water may stimulate the growth of the filtration rate. 
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Phosphate% that respond to colorimetric 2. Selection of Method 
ests w ithou t h yd roly sis r olm etl, A B ca uie p h o.p relim inary or. lh q v,€'. 

0.XiLt live digest ion (t the sample are phortism oc/ ecausei n phostermedphorus may occurermeractive phosphorus. in combination wih , 
active phospho~ru~s is,largely airarc 

a Whsi8e r ganic matter, a digestion method to deter. 
of mine total phosphorus muti hc ahle to oxi

orthophosphae. i small fraction of any dize organic matter eflectitcly to release 
condensed phosphate present usually is phosphorus as orthophophaic. rhrec di. 
hydrolyzed unavoidably in the procedure. gestion methods are given. The perchloric
Reactive phosphorus occurs in both lil- acid method, the most drastic and time
trahle and nontiltrable forms. consuming method, is recommen Lied only

Acid hydrolysis at hoiling-water tern- for particularly difficult samples such as 
perature converts filtrahle and particulate sediments. The nitric acid-sulfuric acid 
condensed phosphates to filtrable ortho- method is recommended for most sam
phophate. The hydrolysis unavoidably ples. By far the simplest method is the perreleases some phosphate from organic sulf'ate oxidation technic. It is recoin
compounds, but this may he reduced to i mended that this method he checked 
minimum hv judicious selection of acid against one or more of the more drastic di
strength and hydrolysis time and temper- getion technics and be adopted if identi
ature. *rhe term "*acid-hydrolyz.'hle phos- recoveries are ohtaind.cat 
phorus - is preferred over -'condened h. ,'IHrimi'iric mi.. Three meth
phosphate" for this fraction. ods of orthophosphate determination are 

The phosphate fractions that are con- described. Selection depends largely tn

verted to orthophosphale only by oxida- the concentration range of ortho
live destruction ol'the organic mailer pre- phosphate. The vanadomolybdic acid 
ent are considered "organic" or "organ- method () ismost uelll fr routine ana

ically bound'" phosphorus. he .severity of yses in the rangethe oxidation required of I to 20 mg P/I.. Thefor this conversion stannous chloride method (F) or the ascor
depends on the form-and to soie extent hic acid method IF) is more suited *- the 
on the amount -of the organic phosphorus range of 0.01 to 6 ing PIlL. An extraction 
present. Like reactive phosphorus and step is recommended for the lower levels 
acid-hydrolyzable phosphorus. organic of this range and when interferences must 
phosphorus occurs both in the filtrable and be overcome. An automated version ofthe 
nonliltrable fractions. With minor varia- ascorbic acid method also is presented. 
lions, the filtrable and nontiltrable frac
lions of a sample correspond to dissolved 
and particulate phosphates, respectively. 

The total phosphorus as well aisthe il- To aid in method selection. Fable 424:1 
trable and nonliltrable phosphorus frac- presents the results of various combina
lions each may be divided analytically into (ions of digestion, hydrolysis, and color
the three chemical types that have been imetric technics f'orthree synthetic sam
described: reactive, acid-hydrolyzable. ples of the following compositions: 
and organic phosphorus. Figu re 424:1 Sample I: 100 jg orthophosphate phus
shows the step: fOr analysis of individua phorus (P0,-P)IL, 80 uig condensed 
phosphorus fractions, As indi-'aled, deter- phosphate phosphorus/l. (sodium hex
minations usually are conducted only on ametaphosphate), 30 jig organic phos
the unfiltered and filtered samples. Non- phonslL (adenylic acid), 1.5 mg NH,-N/L.
filtrable fractions generally are determined 0.5 mg NO:,-NIL, and 400 mg chloride/L.
by difference. Sample 2: 60W Ag P0,-P/l.. 3(1 ,ugcon
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W'iihout filt:ilion 
. .. .. ...-...- . ... ..- - - -

Direct I H S0, hydrolyis I. Di stLon
nF iltitio thro u g h 

11.45.-j.Lm
memhrnle filter ¢coloriniclr) 2. Colorimelty 2. Colorimelry 

A Totl C."olal 
l'C~itlV F A II pho,,phoru% 

phosphonts 

(A. - 13 A. C. IA. , Ii.) 

B.hTtl Total 
[;iciud-hyd rolyz.'ll niOgalnic 

L phtu pholus phouphOius 

Nonfiltrahle ..._..... 
; Mattler I - -


IDirect I H.SO, hydroliis I. Digetuiun 

cuulorintry 2 (Ilorimeiry 2. Colurimretrv 

E. Filliahle Ci.G ToutIl 
rt.icive I 1; tfilliiahl" 

ph.lphouuu phuophousI 

1
 

HImI
 

1& 1:.
IF F F. 

F".Fillliahle H. Fillralhle 

.cid -ho dsolai l oiginic 
phoupholls phosphoni, 

C. G. totaIl nonlilihlle phslushtiuii 
A. - E. nonfiltr;ahle react. e plfwtsphiirus 
B. F. - nonfilihlie acid-hvdrol./,hle Phl-rhoiuhl 
D. H. = nonfillrlhle organic phuuphturtiu 

oil fr'dctiins.Figure 424:1. Step% fiur a il)%is phiisphalet 

. f)recI delerm inaiuun tuf phiisphm i iin the m hudnc ii i *il.ululiung n nitliiululhlI I ollniuru he ulQiied 'A h rI" 
greIter rrecl%lnMon t *uhhllned h) deii h'i h H ,Ni, uand'iloih% peo'i'hiuth hia dlftern:c i%u l fllet 
aid. Then perfitim ct.lohrciuIr% 

#Tu alphusph ..line lIbec'.ilcs ilulituntargens merawllicnieni sin hghil. .niplem.t% he di 'icu -1f rorip ifr 
quflitlic%of silla% au resutI of(dligct wn ichn c tha tha ai.ll.ulredi c hilnuc phusphmu, driu l %m Floor Ilutal 
analy e 4in such %iamplc,. dill) dc teI inelnc 1 .illl , li pl luihit IIuuhitilihc phs phlius and1-011111% and N 

add the ititlls 
'When determining lual tilirable itusil nuntilr;ihltra i l i ; nuil ulill .blu rhiisphlls Iiiilhlmad he 4'hNialnd 

tn samples ciniinung rge aninus l ' t in Ih" degree imtli ill i suspended stuueuinl Ve % ilen iull s de'pend I.icl 

.miillliinand muingll o 'hich s.m pi uc%sil:otii bu t ot time ns % lld ditiing.n.hi, l w i. dependent des'llliugM 
itrhliphuu..phate from the sispended p;lmlglie 

http:11.45.-j.Lm
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den,ed phosphate phosphorus/i. (sodium stored for long periods. Do not add either
hexametaphosphate). 90 ug organic phos. acid or CHOI., is a preservative- when 
phorns/1. (adenylic acid). 0.X mg NH,-N/L. phosphorus forms are to be determined. I1 
5.0 mg NO,,-N/t.. and 400 mg chloride/L. total phosphorus alone is to be deter-

Sample 3: 7.00 mg P(0,-P/i.. 3.00 mg mined, add I mL con. HCI/L or freeze 
condensed phosphate phosphorus/i. (so- without any additions. 
dium hexamctaphosphatel. 0.230 mg or- Do not store samples containing low
ganic phosphorus/L (adenylic acid), 0.20 concentrations of phosphorus in plastic 
mg NH,-N/L. 0.05 mig NO,-N/L.. and 400 bottles beunless kept in a frozen state 

mg chloride/L. 
 cause phosphates may be adsorbed onto 
4. Sampling and Storage the walls of plastic bottles.

Rinse all glass containers with hot dilute 
Ir phosphorus forms are to he dif HCI, then rinse several times in distiled 

ferentiated. filter sample immediately alter water. Never use commercial detergents
collection. Preserve by freezing at or be- containing phosphate for cleaning glass.
low - 10 C. Add 40 mg HgClJl. to the ware used in phosphate analysis.
 
samples, especially when they to he
are 

424 A. Preliminary Filtration Step 
Filter samples for determination of' fil- two washing technics: (a) soak 50 filters in

trable reactive phosphorus. filtrable acid- 2 L. distilled water for 24 hr: (h) soak 50 
hydrolyzable phosphorus, and total fi- filters in 2 L distilled water for I hr.
 
trible phosphorus through 0.45-im 
mem- change distilled water, and soak filters an

brane filters. A glass fiber filter may he additional 3 hr Membrane filters also may

used to prefilter hard-to-filler samples. 
 he washed by running several 100-mL por-

Wash membrane filters by soaking in tions of distilled water through them. Thi,

distilled water 
 before use because they procedure requires more frequent deter.
 
may contribute significant amounts of mination 
 of blank values to ensure con
phosphorus to samples containing low sistency in 
 washing and to evaluate dif
concentrations of phosphate. 
 Use one of ferent lots of filters. 

424 B. Preliminary Acid Hydrolysis Step for Acid-Hydrolyzable 
Phosphorus 

1. Discussion sample and phosphate found after mild 

acid hydrolysis. Generally, it includesThe acid-hydrolyzable phosphorus con- condensed phosphates such as pyro-. tri
tent of the sample is defined operationally poly-. and higher-molecular-weight species 
as the difference between reactive phos- such as hexametaphosphate. In addition. 
phorus as measured in the untreated some natural waters contain organic phos
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phate compounds that are hydrolyzed to 
orthophosphate tinder the test conditions, 
Polyphosphates generally do not respond 
to reactive phosphorus tests hut can he 
5ydrolyzed to orthophosphate by boiling 
with acid. 

After hydrolysis. determine reactive 
phosphorus by a colorimetric method (D. 
E. or F). Interferences. precision. accu-
racy. and sensitivity will depend on the 
colorimetric method used. 

2. Apparatus 

Autoclave or pre.ssur'e cooker. capable 
of operating at 98 to 137 kl'a. 

3. Reagents 

a. I'ienolphitllcin imlijator aqumi. 
solution. 

b. Strong acid solutian:Slowly add 3(X) 
mL conc HSO, to about 6(X) mL distilled 
water. When cool. add 4.0 mL conc HNO, 
and dilute to I L. 

c. Snlin hvdroxide. Nao)l. 6N. 

4. Procedure 

ro 100-mL sample or a portion diluted 
to 100 mL, add 0.05 mL (I drop) phenol-
phthalein indicator solution. Ifa red coloi 

develops, add strong acid splution drop
wise, to just discharge the color. Then add 
I mL more. 

Boil gently for at least 90 min, adding 
distilled water io keep the volume be
tween 25 and 50 ml.. Altcrnatively. heat 
for 30 min in an autoclave or pressure cook
er at 98 to 137 kPa. Cool. neutralize to a 
faint pink color with Na()H solution. and 
restore to the original 100-ml. volume with 
distilled water. 

Prepare a calibration curve by carrying 
a series of standards containing ortho
phosphate (see colorimetric method D. E. 
or F) through the hydrolysis step. Do not 
use orthophosphate standards without hy
drolysis. because the salts added in hy
drolysis cause an increase in the color in
tensity in some methods. 

Determine reactive phosphorus content 
of treated portions, using Method 1). E. or 
F. This gives the sum of polyphosphate 
and orthophosphate in the sample. To cal
culate its content ofacid-hydrolyzable 

phosphorus, determine reactive phos
phorus in a sample portion that has not 
been hydrolyzed, using the same color
imetric method as for treated sample, and 
subtract. 

424 C. Preliminary Digestion Steps for Total Phosphorus 

Total phosphorus includes all ortho-
phosphates and condensed phosphates, 
both dissolved and particulate, organic 
and inorganic. To release phosphorus 
from combination with organic matter. di-
gest and oxidize. The rigor of digestion re-
quired depends on the type of sample. The 
three digestion technics presented, in or-
der of decreasing rigor, are perchloric acid 
digestion, sulfuric acid-nitric acid diges-
tion, and persulfate digestion. Compare 

phosphorus recovery by each digestion 
technic for the specific type of sample 
being tested, if the less tedious persulfate 
method gives good phosphorus recovery. 
use this method. 

After digestion, determine liberated or
thophosphate by Method D, E. or F. The 
colorimetric method used, rather than the 
digestion procedure, governs in matters of 
interference and minimum detectable con
centration. 
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PHOSPHORUS/Vanadomolybdophosphoric Acid Colofimetric Mplhod 	 415 

orimetric method uised). Add I ml. cone 300 mL conc HSO, to approximately 6(W
H.S( 4 and 5 inL conc HNO,. mL distilled water and dilute to I L with 

Digest to a volume of I inL and then distilled water. 
continue until soltlion becomes colorless c. Ammlncfiumfl pelrmulJIe. (NH,).. S,, 
to remove HNO,. solid, or potassium persullatc. KSO, 

Cool and add approxinialely 2(0 mil dis- solid. 
tilled water. 0.05 il (I drop) phenol- d.oiiums hydri, ride. NaI)H. IN. 
phihalein indicator, and as much IN 
NaOH solution as reqiied to produce a 3. Procedure 
faint pink tinge. Transfer neutralized solu- Use 50 mL or a suitable portion of thor
tion, filtering if' necessary to remove par- oughly mixed sample. Acd 0.05 ml. -(I
ticulate material or lurbidity, into a 100- drop) phenolphthalein indicator solution. 
mL volumetric flask. Add filter washings If a red color develops, add H.:SO 4 solu
to flask and adjust sample volume to 100 tion dropwise to just discharge the color. 
mL with distilled water. Then add I mL HSO, solution and either 

Determine phosphorus by Method D,. E. 0.4 gsolid (NH,)2SO,, or(.5 g solid KSO,,. 
or F. for which a separate calibration Boil gently on a preheated hot plate for 
curve has been constructed by carrying 30 to 40 min or until a final volume of 10 
standards through the acid digestion pro-	 mlic ,l ,f,,',. Allro.srhod da, I ..... I 

nolphthalein indicator solution. and neu

tralize to a faint pink color with NaOH. 
I11-PERSULFATE DIGESTION Alternatively. heat for 30 min in an autio-METHOD clave or pressure cooker at 98 to 137 kPa.

C(ool. add 0.05 ml (I drop) phenolphtha
1. 	Apparatus lein indicator solution. and neutralize to a

faint pink color with NaOH. Make up to 
a. I/T plate: A 30- , 50-cm healing 100 mL with distilled water. In some sam

surface is adequate. pies a precipitate may form at this stage.
b. Astoclae: An atiloclave oi pressure hut do not filter. For any suhsequent suh

cooker capable of developing 98 to 137 dividing of the sample, shake well. The 
kPa may be used in place of a hot plate. 	 precipitate (which is possibly a calcium 

c. Glass .coop. to hold required phosphate) redissolves tinder the acid con
amounts of persulfate crystals. ditions of the colorimetric reactive phos
2. Reagents 	 phorus test. Determine phosphorus by

Method D. E. or F. for which a separate 
a. Pheilphth/d.in indicator tiquemi.s calibration curve has heen constructed by

v'hiion. carrying standards through the persulfate 
h. Sulfuric- aci.luidiah: Carefully add digestion procedure. 

424 D. Vanadomolybdophosphoric Acid Colorimetric Method 
1. General Discussion solution. ammonium molyhdate reacts un

der acid conditions to form a heteropoly 
a. I'rinciph: In a diltte orlhophosphate acid. molyhdophosphoric acid. In the 

\1 

http:Pheilphth/d.in
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Transfer to a 50-mI. volumetric flask. add 

I5 to 16 ml. alcoholic I..S(), solution. 
swirl. add 0.50 ml (10 drop!;) dilte 
stannous chloride reagent IIL swirl. and di

lute to the mark wih alcoholic H.;-SO,. 
10 min. hut beforeMix thoroughly. After 

30 min. read against the blank at 625 nm. 

Prepare blank by carrying 40 ml. distilled 

water through the same procedure used 

for the sample. Read phosphate concen-

tralion from a calibration curve prepared 

by taking known phosphate standards 
through the same procedure used for n-
pies. 

INORGANIC NON-AETALS (400) 

5. 	 Calculation 
Calculatc as follows: 
a. Direct proe'dulre: 

mg P(in approximately 104.5 mL 
final volume) x 1.000

mL. samplemg 1I/1. --

h. h.'rtrietinprocedure: 
mg P(in 50 mL final 

mg P/L. = volume) x 1.000 
ml sample 

6 
6 Precison and Accuracy 

See 'Table 424:1. 

424 F. Ascorbic Acid Method 

1. General Discussion 

11. I'ruilcpl. Aminoniuni molyhdate 
atad pottssium amtimonyl tartrate react in 
acid medium with orthopho.;phate to form 

a heteropoly acid-phosphomolyhd ic 

acid-that is rediced to intensely colored 

molybdenum blue by ascorbic acid. 
h. InterIlrence: Arsenates react with 

the molybdate reagent to produce a hlue 

color similar to thai formed with phos-

phate. Concentrations as low as 0. 1 mg ar-

senic/L interfere with the phosphate deter

mination. Hexavalent chromium and nil-
rite interfere to give results ,bout 3Yt low 
at concentrations ot I mg/l. and 10 to l.Sl 
low at 10 mg/l.. Stillide (N.S) and silicate 
do not interflere at concentralions of 1.0 
and 10 mg/L. 

c. Minimutm dt'iicialh' ,tinenratio " 

Approximately 10 ug PiL.. Pranges are as 
Iollows: 

Approxmtel'Range ig'l Pathi 

tio/I 	 fd. 

0.30-2.0 0.5 
0.15-1.30 1.0 
0.ill-t).2. 	 .) 

2. Apparatus 

i. ('ohorit,tric equipment: One of the 
following is required: 

I) .peSIrwp/,ihict'l'r. with infrared 

phototuhe I'o1 use at 880 nm. providing at 

light path of 2.5 cm or longer. 
2) Ftiltr ph/iiametr. equipped with a 

red color filter and a light path of 0.5 cm or 

longer. 
b. .4id-'valvhicd u.'.asso ' are. " See Method 

). 21) above. 

3. Reagents 
a. Si/t'ric a(id. H..SO,. 5N: Dilute 70 

mi. conc H...S0, to 500 mL with distilled 
water. 

h. Poa.ssium a.'ntintoy*tlarrate soi
lion: Dissolve 1.3715 g K(SbO)C 4HO' 
1/:41.O in 40W mL distilled water in a 500
mL voltumetric flask and dilute to volume. 
Store in atglass-stoppered bottle. 

c. Ammoniumn mollvhdae .wution:Dis

solve 20 g (NH,).Mo-O 1.,4H2O in 500 mi. 
distilled water. Store in a glass-stoppered
btte
bottle. 

A ,or/,i" (i.if .OIM. " Dissolve 1.76 

g ascorbic acid in 100 mL distilled water. 

The solution is stable for about I week at 
4 C. 

http:0.15-1.30
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PHOSPHORUS/Ascorbc Acid Method 
421 

e. C',mhiued reigent: Mix the above ally does not interfere at (he high wave.reagents in the following proportions for length tsed. For highly colored or turbid100 mL of the combined reagent: 50 mL waters, prepare a blank by adding all.,V HISO4, 
re5 mL potassium antimonyl tar- agenls except ascorbic acid and antimonyltrate solution, I5 mL ammonium molyb- potassium lartrale ito the sample. Subtractdlate solution, and 30 in L ascorbic acid so- blank ahs i, bance from absorbance oflution. Aiix afteruddili, i J ech reaent. each sample.


Let all reagents reach 
 room temperature c. Preplaral alll fcllhralin crti ..before they are mixed and mix in the order Prepare individual calibralion curves fromgiven. If turbidity forms in the combined a series of six standards within the phosreagent, shake and let stand for a few min- phate ranges indicated in Section 424F. Ic.utes until turbidity disappears before pro- Use a distilled water blank with the co'mceeding. The reagent is stable for 4 hr. bined reagent. to make photometric read-J: S"mck phiaphae .iVltion: See Meth. ings for the calibration curve. Plot absorbod D. 3e. ance vs. phosphate concentration to give ag. Standiard phos'phate- olhith,: Dilute straight line passing through the origin.50.0 mL stock phosphate solution to 1,000 Test at least one phosphate standard withmL with distilled water: 1.00 mL = 2.50 each set of samples./Mg P. 5. Calculation 
4. 	 Procedure 

mg P (in approximately 5R mL 
a. 7"r,'atai amla/,.: Pipet .50.0 mL mg PiL _final volume) x 1.000

sample into a clean, dry test tube 125or ml: sample
mL erlehnieyer flask. Add 0.05 mL (I 6. Precision and Accuracydrop) phenolphthalein indicator. If a red [he precision and accuracy values giv.color develops add 5N H.SO, solution en in Table 424-1 are for a singl,:-solutiondropwise to just discharge the color. Add procedure gien in the 13th edition. Proce.8.0 mL combined Ceagent and mix thor dure 4241- dillers in reagent-to-sampleoughly. After at least 	 ra.

10 min hut no more tios. no addition of solvent, and aciditythan 30 min, measure absorbance of each conditions. It is superior in precision andsample at 880 nm. using reagent blank ;i, accuracy to the previous technic in thethe reference solution, analysis of both distilled water and riveih. ('orr 'iectj .Ir turbidity Or wciv water at the 228 mg P/L level (Tali.'h
lrring (,w'r.Natural color of water genet 424:11). 

TA Ii 424:11. ('0ItI"' RISiiN iii 'RI(o Islh" % ) A(( (i %(N oII -%s(1'Ril( A( II) M1I 111fl0% 

Phosphorus Relativc
 
Ascoric Acid Concentlraijun,
Method 	 N of SiandardFiltrable Lahora. 	 RloiveDeviation '/ ErrorMehdOrhophosphatc Tories . .. ..rh,'11. iDistilled 	 . ... . ..Rivei Distilled River 

Water Wdler Water Wal! 

I.lh Edition
(Edward%. Molof. 228 1.87 2.17 4.01 2.09 
and Schneeman" 

C'trrent method 
(Murphy and 228 . 01 I  2.38 1..9 
Riley) 



F-88
 

PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE) (Continu .
 

424 H. Bibliography 

KI IsoN. R.h. & M.G MiiI o%-. 1944. Color. 
imetric determination of phosphorus as 
molydovanadophosphoric actid. hid. Eng. 
(Ihelm.. Anal. Ed. 16:379. 

flol 	I Z. 1).F. & M.G. NiI.i io. 1947. Determi. 
natiom of phosphorus. germanium. silicon. 
and arsenic by the helcropolv hiuc method. 
hild. Eni,. ('/hvi.. Anal. Ed. 19:X73. 
. isiG. A.-.. L..W. Wt. i'm (.,i H & (.N. 

SAWYRI.a. 1950. Control of nitrite inter-
ference in colorimetric determination of 
phosphorus. Anal. (hei,. 22:499. 

Ylt'N(;. R.S. & A. Gat,, wi;.. 1950. Determi. 
nation of hexametaphosphatc in water after 
threshold treatment. hil. (hem. 26:13. 

Giswot.D. B.I... F.L.. HIstoi I i.U & A.R. 
MclNrYi.. 1951. Inorganic phosphates 
and phosphate eslers in tissue extracts. 
Anal. Chem. 23:192. 

Boi.lz. D.F.. ed. 195. Colorimetric Detcrmi-
nation ofNonmetals. Inlcrciencc Publish-
ers. New York, N.Y. 

Asi:KICAN WA"rR WoRKs Assa)( IAli iN. 1958. 
Committee report. Determination of ortho-
phosphate, hydrolyzable phosphate, and 
total phosphate in surface waters. J. Amc,. 
Waer Wtork. As.r..5:1563. 

JACiKSO.N. MI.. 1958. Soil Chemical Analysis 

Prentice-Hall. Englewood Cliffs. N.J. 


SI.I. II.N. 0. & (.M. HAl Ii. 1961. Modified 

siannous chloride reagent for ortho. 

phurus furms in an cstuarine environment. 
SERL Report No. 65-IN. Sanitary Engi. 
ncering Research Lahoratory. Univ. of 
California. Berkeley 

lI .4iKF.N. A. 1966. An automatic method for 
determining orthophoi hate in sewage and 
highly polluted waler. Anilyst 91:652. 

Sit %-%*0%.J. l & G.F I.L.t.. 1966. Hydrolysis 
of condcnsed phosphates in natural waters. 
.1. Air Watr PsIlli. 10:735. 

(;.%I M ME.. JR.. F*.C JutitN & R.C. KNo. 
N:R. 1966. Method for quantitative deter. 
mination of total phosphorus in water.. 
.4inir. Witer Wors. A . 58:1363. 

I., . C. F. 1967. Analytical chemistry of plant 
nutrients. In Proc. Int. Conf. Eu-
Irophication. Madison. Wisc. 

I:ii/,tw . ( & S..l. Effectc;.I. FAtI. 1967. 
of water samplc preservation methods on 

phosphate determination. J. Amer Waih', 
Work.s A.s. 53:1031. 

MIiHi-ti. J. & J. Rni . 1962. A modified 
singlc solution method for the determima
lion of phosphatc in natural water%. .4,tI 
('le. Act, 27:31. 

Aitit. D.C.. G.E IsNISi N & J.R. II wSj,, 
1963. A method for determining ortho
phosphate in water. Analv*v18:Xl4. 

GorliIi-.D. 1. 1964. Determination of tloal 
phosphorus in water and wastewater ;Ia 
molybdovanadophosphonc acid. I.inih,.. 
i', 2:407. 

S'iRI'KI AN). J.l).H & 1lR. I'Aksui~s I965.'A 
Manual of Sea Water Analysis. 2nd cd. 
Fish. Re%. Board. Ottawa. Canada. 

III A(K.C.A.. D.) 1: k5s. J I.. W1ii i. I..
 
-N4smINGi-. & F.E-. Ct ARK. cds. 1965.
 

Methods of Soil Analysis. Part 2. Chemical 
and Microbiological Properties. American 
Society for Agronomy, Madison. Wisc. 

l'o)wARt)s. G.P.. A.H. Milll & R.W. 
Sc iIt, Sit.%

; 
. 1965. Determination uf or

thophosphate in fresh and saline waters. J 
A,,wr. Water Work%A.v. S7:917. 

1.t 	 .. G.1:.. N. L. C.t..sI.RI & G.11. I t z. 
(;I.RAI 1). 1965. Studies or the analysis of 
phosphates in algal cultures. J. Air teg,,ti 
i,dl.,. 9:715. 

.h . KiN.. I). 1965. A study of method%suilahl. 
for the analysis and preservation of plio

the release of phosphorus from algae. L.iti. 
I. 	 (h'nr. 12:332. 

..h414, A .vssrbj" .3e$lh,,d1iad Arid Rehctio 
U.S. 	 E-NViilWCNMi..rsI PRotfCTION AGI-cNcv. 

1971. Methods for Chemical Analysis of 
Water and Wastes. National Environmen
tal Research Center. Cincinnati. Ohio. 

l.oiiLNu. l..B. & R.L.. BOOTH. 1973. Evalua
tion of the AutoAnalyzer II: A progress re
port. In Advance%in Automated Analysis: 
1972 Technicon International Congress. 
VuL 8. p. 7. Mediad. Inc.. Tarrytown. 
N.Y. 

U:.. E NN ,I PIoIr.(( t .A;I '.iiiN11 	 ' Nc 
MDQAR[. Method Study 4, Automated 
Methods. National Environmental Re. 
search Center. Cincinnati. Ohio (in prepa. 
ration). 



F-89 

ANALYTICAL METI40 

PRIMARY PRODUCTIVITY
 

REFERENCE
 
American Public Health Association, 1980. Standard methods for the examination of
 

water and waste water, 15th ed. APHA, Washington, D.C. pp. 957-959.
 

1002 I. Metabolic Rate Measurements 

The physiological condition of the 2. Productivity. Oxygen Method 
aquatic community and the spectrum of Productivity is defined as the rate at 
biological interactions must be consid. which inorganic carbon is converted to an 
ered. Earlier, numbers, species composi- organic form. Cholorphyll-bearing plants
tion, and biomass were the prime consid. (phytoplankton. periphyton, macro
erations. Recognition or the limitations of phytes) serve as primary producers in the 
this approach, however, led to the mea. aquatic food chain. Photosynthesis resuls 
surement of rates of metabolic processes in the formation of a wide range of organic
such as.photosynthesis (productivity), ni- compounds. release of oxygen. and deple
trogen fixation, respiration, and electron tion of carbon dioxide (CO) in the str
transport. These provide a better under- rounding waters. Primary productivity" 
standing of the complex nature of the can be determined by measuring the
aquatic ecosystem. An indication of changes in oxygen and CO= concenira' photosynthetic efficiency can be deter. cons. In poorly buflered w.ters pH cn 
mined by the productivity index (mg C be a sensitive properly for detcting varia
fixed/unit chlorophyll )." tions in the system. As CO. is removed 

1. Nrduring photosynthesis, the pH rises. This1. Nitrogen Fixation shift can be used to estimate both photo. 
The ability of an organism to fix nitro- synthesis and respiration. " The sea and 

gen is a great competitive advantage and many fresh waters are too highly buffered 
plays a major role in population dynamics. to make this useful, bt it has been applied
Two reliable methods for estimating nitro- successfully to productivity studies in 
gen fixation rates in the laboratory are some lake waters. 
the SN isotope tracer method . ". ' and the Two methods of mca uring the rate of 
acetylene reduction method."! Because carbon uptake and net photosynthesis in 
the rate of nitrogen fixation varies greatly situ are: (a) the oxygen method" and (h)
with different organisms and with the con- the carbon 14 method." In both methods. 
centration of combined nitrogen, nitrogen clear (light) and darkened (dark) bottles 
fixation rates cannot be used to estimate are filled with water samples and sus
biomass of nitrogen-fixing organisms. pended at regular depth intervals for an in-
However. the acetylene reduction method cubation period of several hours or sam
is useful in measuring nitrogen budgets pies are incubated tinder controlled condi
and in algal assay work." tions in environmental growth chambers 
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in the laboratory. 
The basic reactions in algal photosyn-

thesis involve uptake of' inorganic carbon 
and release of oxygen. summarized by the 
relationship: 

C2 + H2 0 (CH,). + 0 

rhe chief advantages of the oxygen 
method are that it provides estimates of 
gross and net productivity and respiration 
and that analyses can be performed with 
inexpensive laboratory equipment andcommon reagents. The DO concentration 
ismdeteredaets.thebein aondendioni s d ee rmin ed at th e beg in n ing and e nd o f 
the incubation period. Productivity is cal-
culated on the assumption that one atom 
of carbon is assimilated for each moleculeof oxygen released. 

li. lxqmwe. 

I. 111)I) hnuh. numbered. 300-mL. 

clear borosilicate glass, with ground-glass 
stopper and flared mouth, for sample in-
cubation. Acid-clean the bottles, rinse 
thoroughly with distilled water, and just 
before uise. rinse with the water being test-
ed. Do not use phosphorus-containing de-
tergents. 

If suitable opaque bottles are not avail-
able. make clear BOD bottles opaque by 
painting them black and wrapping with 
black waterproof' tape. As a further pre-
caution, wrap the entire bottle in alumi-
num f'oil or place in a light-excluding con-
tamner during incubation. 

2) .Sulomrli'gIio oer raI' that does not 
shade the suspended bottles. 

3) Niituic'ialli it(que i(= r'ylic Van 
)o'n .mimphr or equivalent. of 3- to 5-L 

capacity. 
4) I.'lil'mu.nt aitl r'agenI iro 11i.-

t,,h'ed.ii. n d'lcrminwion.%(see Section 
421). 

5) /' *vrf'limen-lr. 

6) .Suhumuriuy., piwumir,,r. 
b. Pro'i'dri-: 
I) Obtain a profile of the input of solar 

radiation for the photoperiod with a pyrhe-

liumeter. 
21 Determine depth of* euphotic zone 

(the region that receives 1'/, or more of 
surf'ace illumination) with a submarine 
photometer. Select depth intervals l'or 

bottle placement. Thc photosynthesis. 
depth curve will be closely approximated 
by placing samples at intervals equal to
one-tenth the depth of the euphotic zone. 
Estimate productivity in relatively shallow 
water with fewer depth intervals. 

3) Introduce samples taken from each 

preselected depth into duplicate clear. 
darkened. and initial-analysis bottles.' s r d e i r y w o s a p r t o b t m In-o 'sert delivery tuhe of sampler to bottom'of 
sample bottleand fill so that three volumes 
of water are allowed to overflow. Remove 
tube slowly and close bottle. Use waterI~esol n ls ote s ae 
from the same grab sample to fill a "set" 
(one light, one dark. and one initial bottle). 

4) Immediately treat (fix) samples taken 
for the chemical determination of initial 
dissolved oxygen (see Dissolved Oxygen. 
Section 421) with manganous siilf'ate 
(MnSO,. alkaline iodide, and sulfuric acid 
(H..SO 4) or check with an oxygen probe. 
Analyses may be delayed several hours if' 
necessary, if samples are fixed or iced and 
stored in the dark. 

5) Suspend duplicate paired clear and
 
darkened bottlesat the depth from which
 
the samples were taken and incubate for at
 
least 2 hr. but never longer than it takes
 
for oxygen-gas bubbles to form in the clear
 
bottles or DO to be depleted in the dark
 
bottles.
 

6) At the end of the exposure period. 
immediately determine DO as described 
above. 

c. ('ahiiauixm.: The increase in oxygen 
concentration in the light bottle during in
cubaiion is a measure of' net productiol 
which, because of' the concurrent u.se of 
oxygen in respiration, is som,'-,hat less 
than the total (or gross) production. The 
loss of'oxygen in the dark bottle is used as 
an estimate of*respiration. Thus: 

Note: Instead of using a pyrheliometer researchers should take solar monitor
readings at the start and end of a 10:06 AM 
- 2:00 PM incubation period and for the
 
entire photoperiod. If a submarine photometer is unavailable, suspend bottles at
 
mid-depth (45 cm).
 

http:t,,h'ed.ii
http:I.'lil'mu.nt
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Net photosynthesis = light bottle )O -- initial 
DO 

Rcspiration - initial DO - dark bottle DO 
Gross photosynthesis = light botle DO • dark 

bottle DO 

Average rcsults from duplicates. 
I) Calculate the gross or net production 

lor each incuhation depth and plot: 

mg carboin fixed/m' 
= mg oxygen -- leased/L x 12/32 x t.(lX) 

Use the factor 12/32 io convert oxygen to 
carbon: I mole of O (32 g)is released for 
each mole of carbon (12 g) fixed. 

2) Productivity is defined as the ratc of 
production and generally is reported in 
grams carbon fixed per square meter per 
day. Determine the productivityof a verti
cal column of water I m square by plotting
productivity for each exposure depth and 
graphically inlegratihg the.area under the 
curve. 

3) Using the solar radiation profile and 
photosynthesis rate during incubation a'd-
Just the data to represent phytoplanklon 
productivity for the entire pholoperiod. 
Because photosynthetic rates vary widely 
during the daily cycle."" do not attempt 
ito convert dala ito other test circum
stances. 

/- <
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PRIMARY PRODUCTIVITY, MODIFIED DIURNAL CURVE METHOD
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Measurements of primary production can be made either in some sort of
 
enclosure or the open water. The main disadvantage of enclosures is that they
 
may not be representative of events that may be happening throughout the
 
entire water mass. For this reason, free-water techniques should be superior
 
to enclosures provided that other errors can be eliminated.
 

The flux of oxygen has been used to measure community metabolism but has
 
usually been limited to well-mixed waters where one to two determinations are
 
representative of the entire water mass. This restriction to turbulent water
 
has magnified the chief drawback to oxygen free-water methods - the problem of
 
diffusion. Unlike bottle methods, free-water techniques allow interchange at
 
the air-water inter' ce. Since oxygen diffuses readily, diffusion rates often
 
may be as high as ti.- metabolism one is trying to measure.
 

Another difficulty in applying free-water techniques to limnetic
 
situation is in obtaining representative samples, since the system will most
 
likely be physically and biologically stratified. This difficulty may be
 
overcome by redefining the sampling techniques to suit the stratified nature
 
of the water mass.
 

One free-water technique for determining community metabolism is by the
 
diurnal oxygen curve technique. The basic procedure is to sample oxygen and
 
temperature every three hours for a period of 24 hours. 
 Dissolved oxygen is
 
measured either by the Winkler iodometric procedure or by a galvanic probe.
 
Community metabolism (gross photosynthesis and respiration) is obtained from
 
the 24 hour oxygen curves by graphing a rate of change oxygen curve that has
 
been corrected for diffusion, extrapolating the night respiration rate over 24
 
hours and then integrating different areas under the curve [see either Odum
 
and Haskins (1958) or Hall and Moll (1975) for a detailed description of this
 
technique. Hall and Moll (1975) give a step by step example for computing one
 
point on the corrected rate of change curve that they present in their
 
article]. An alternative to this rather laborious method has been developed
 
by McConnell (1962) and incorporated by Welch (1968) in which only three
 
points of a diurnal curve are used: one after dark and one before dawn to
 
determine the rate of respiration, and one the same time the following evening
 
to determine whether there has been a net change in the total oxygen content
 
of the system. It should be noted that the times that are suggested by
 
McConnell (1962) and Welch (1968) may not be optimal for all situations. It
 
is recommended that daily maximum and minimum oxygen concentrations first be
 
determined and those times used for the calculations. Respiration and gross
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photosynthesis rates can be determined by graphing the three oxygen measurements and calculating the slopes of the 24 hour respiration line and the
daylight photosynthesis line [see Figure 1 which was modified from McConnell
(1962)]. The extrapolation of the night respiration line through the
following day involves the same assumption that one is forced to make in light
and dark bottle experiments: 
 that daytime respiration rate is about equal to
that measured during the dark hours. 
 However, studies have shown that many
times daytime respiration may be considerably higher than nighttime
respiration but until some adequate means 
for measuring photorespiration in
the field becomes available, the method of connecting the pre-dawn point by a
straight line to the post-sunset.point is at least objective and is probably a
minimal, but reasonable, estimate of all community respiration (Hall and Moll
 
1975).
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A0 

i%G.P. 

%J 

Sunset Sunrise Sunset 
• • * •~ I M E 

TIME 

Figure 1. 
Graphic determination of gross photosynthesis (G.P.)
 
from dissolved oxygen (D.O.) concentrations at sun
set, sunrise, and sunset during a 24 hour period.
 
Measured D.O. concentrations indicated by filled
 
circles. 
The slone of line AB equals the rate of
 
respiration and the slope of line BC equals the
 
rate of gross daylight photosynthesis. Values not
 
corrected for diffusion. Modified from McConnell
 
(1962).
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APPENDIX from Work Plan IV 



TITLE 

Standard Methods for the Examination of Water and Wastewater 
15th Edition, 1980 APHA-AWWA-WPCF pages 489-493 

508 OXYGEN DEMAND (CHEMICAL) 
The chemical oxygen demand (COD) is 

a measure of the oxygen equivalent of the 
organic matter content of a sample that is 
susceptible to oxidation by a strong chem-
ical oxidant. For samples from a specific 
source. COD can be related empirically to 
BOD, organic carbon, or organic matter 
content. 

1. Selection of Method 
The dichromate reflux method is pre-

ferred over other methods using oxidants 
because of superior oxidizability. appli
cability to a wide variety of samples, and 
ease of manipulation. The test ismost use
ful for monitoring and control, especially
after correlations with constit,,ents' + such 
as BOD and organic carbon have been de
veloped. For most organic compounds 
oxidation is 95 to 100% of the theoreticalvalue.-' Pyridine is not oxidized.2 Ben
zene and other volatile organics are oxi
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dized if they have sufficient contact with 
the oxidants. While the carbonaceous 
portion of nitrogen-containing organic 
matter is oxidized, no oxidation of am-
monia. either present in a waste or liber-
ated from the nitrogen-containing organic 
matter, takes place in the absence of sig-
nificant chloride concentrations, 

2. Sampling and Storage 

Test unstable samples without delay. 

Homogenize samples containing settleable 
solids in a blender to permit representative 
sampling. If there is to be a delay before 
analysis, preserve the sample by acid. 
ification to pH 2 or lower with conc sulfu
ric acid (H 2SO). Make preliminary dilu
tion! for wastes containing a high COD io 
reduce the error inherent in measuring 

small volumes of sample. 

508 A. Dichromate Reflux Method 
1. General Discussion 

a. Principle: Most types of organic mat-
ter are oxidized by a boiling mixture of 
chromic and sulfuric acids. A sample is re-
fluxed in strongly acid solution with a 
known excess of potassium dichromate 
(K.Cr.O,). After digestion the remaining 
unreduced K2Cr2O7 is titrated with ferrous 
ammonium sulfate (FAS). the amount of 
K2Cr.O, consumed is determined, and the 
amount ofoxidizable organic matter is cal-
culated in terms of oxygen equivalent, 

h. lnterferences ani limitations: Vola-
tile straight-chain aliphatic compounds are 
not oxidized to any appreciable extent. 
This failure occurs partly because volatile 
organics are present in the vapor space 
and do not come in contact with the oxi-
dizing liquid. Straight-chain aliphatic com-
pounds are oxidized more effectively 
when silver sulfate (Ag 2SOi is added as a 
catalyst. However. Ag SO4 reacts with 
chloride, bromide. and iodide to produce 
precipitates that are oxidized only partial-
ly. The difficulties caused by the presence 
of halides can be largely, though not com-
pletely. overcome by complexing with 
mercuric sulfate (HgSO,) before the re-
fluxing procedure.' Do not use the test for 

samples containing more than 2.000 mg 
chloride/L. 

Nitrite (NO:-) exerts a COD of 1.1 mg 
0/mg N0--N. Because concentrations 
of NO2 - in polluted waters rarely exceed 
I or 2 mg NO0--N/L the interference is 
considered insignificant and usually is ig
nored. To eliminate a significant inter
ference due to NOI-, add 10 mg sulfamic 
acid/mg NO--N present in the refluxing 
flask. Also add the same amount of sul
famic acid to the reflux flask containing 
the distilled water blank. 

Reduced inorganic species such as fer
rous iron. sulfide. manganous manganese. 
etc., are oxidized quantitatively under the 
test conditions. For samples containing 
significant levels of these species, stoi
chiometric oxidation can be assumed 
from known initial concentration of the in
teifering species and corrections can be 
made to the COD value obtained. 

c. Minitniu detectable concentration: 
Determine COD values of >50 mg/L using 
0.250N K.Cr2O7 . With 0.025N KCrO,7 . 
COD values from 5 to 50 mg/L can be de
termined but with lesser accuracy.:" 

2. Apparatus 
Reflux apparatus, consisting of 500-mL 
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or 250-mL erlenmeyer flasks with ground-
glass 24/40 neck' and 300-mm jacket Lie-
big, West. or equivalent condensers.' 
with 24/40 ground-glass joint, and a hot 
plate having sulficient power to produce at 
least 1.4 W/cm-' of heating surface, or 
equivalent. 

3. Reagents 

a. Standard potassiun dichromate solu-
tion. 0.250N: Dissolve 12.259 g K:Cr2 O7 , 
primary standard grade, previously dried 
at 103 C for 2 hr. in distilled water and 
dilute to 1.000 mL. 

b. Silver sulfitte. AgSO4 . reagent or 
technical grade, crystals or powder. 

c. Stl/itricacid reagenr: Add Ag..,SO, to 
conc H.,SO, at the rate of 22 g AgSOd/4 kg
bottle. Let stand I to 2 days to dissolve 
Ag.SO.. 

d. SulJiiric acid. HfSO4, conc. 
e. Ferroin indicator solution: Dissolve 

1.485 g 1.10-phenanthroline monohydrate 
and 695 mg FeSOg.7H.,O in distilled water 
and dilute to 100 mL. This indicator solu-
tion may be purchased already prepared.-

J: Standard ferrous atnmottitmn sulfate 
titrant. approximately 0.25;V: Dissolve 98 
g Fe(NH4 ).(SO)..6H.,O (FAS) in distilled 
water. Add 20 mL conc H.SO,. cool, and 
dilute to 1.000 mL. Standardize this solu-
tion daily against standard KZCr.O? solu-
tion. as follows: 

Dilute 10.0 mL standard K-Cr.,O- solu-
tion to about 100 mL. Add 30 mL conc 

H.,SO 4 and cool. Titrate with FAS titrant. 

using 0.10 to 0.15 mL (2 to 3 drops) ferroin 

indicator, 

Normality of FAS solution 

Volume 0.25N KCrO 7 
solution titrated. mL x0.25 

Volume FAS used in titration. mL 

'Coming 500 or equivalent.

tComing 2360. 91548. or equivalent. 

tG. F. Smith Chemical Co., Columbus. Ohio. 


g. Mercuric sulfate: HgSO4 . crystals or 
powder. 

h. Sulfainic acid: Required only if the 
interference of nitrites is to be eliminated 
(see lb above). 

i. Potassium hydrogen pht/halate stan
dard: Lightly crush and then dry potas
sium acid phthalate (HOOCCH 4COOK)
to constant weight at 120 C. dissolve 425 
mg in distilled water, and dilute to 1.000 
mL. Potassium hydrogen phthalate has a 
theoretical COD of 1.176 g O-'g and this 
solution has a theoretical COD of 500 mg
Oa/L. Prepare fresh for each use. 

4. Procedure 
a. Treatment of samples with 550 ing

COD/L: Place 50.0 ml sample (for sam
pies with COD >900 ng COD/L. use a 
smaller sample portion iluted to 50.0 mL) 
in the 500-mL refluxing flask. Add I g
HgSO,. several glass beads, and very 
slowly add 5.0 mL sulfuric acid reagent, 
with mixing to dissolve HgSO,. Cool while 
mixing to avoid possible loss of volatile 
materials. Add 25.0 mL 0.250N KCr.,O. 
solution and mix. Attach flask to condens
er and turn on cooling water. Add remain
ing sulfuric acid reagent (70 mL) through 
open end of condenser. Continue swirling 
and mixing while adding sulfuric acid re
agent. CAUTION: 44i.r refur mirture thor
otghlv before applving heat to prevent Io
cal heating offlask bottom and a possible 
bloi'out oJ flask contents. If sample vol
umes other than 50 mL are used. keep ra
tios of reagent weights, volumes, and 
strengths constant. See Table 508:1 for ex
amples of applicable ratios. Maintain 
these ratios and follow the procedure asoutlined above. 

Use I g HgSO4 with a 50.0-mL sample 
to complex up maximumto a of 100 mg 

chloride (2.000 mg/L) For smaller samples 
use less HgSO,, according to the chloride 
concentration: maintain a 10:1 ratio ofHgSO 4:CI. A slight precipitate does not 
affect the determination adversely. Gener
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TABLE 508:1. REAGENT QUANTITIES AND NORMALITIES FOR VARIOUS SAMPLE SIZES 

0.25N Sulfuric 
Sample Standard Acid 

Size Dichromate Reagent 
mL mL mL 

10.0 	 5.0 15 
20.0 10.0 30 
30.0 15.0 45 

ally. COD cannot be measured accurately 
in samples containing more than 2.000 mg 
chloride/L. 

Reflux mixture for 2 hr. Use a shorter 
period for particular wastes if it has been 
shown that the shorter period yields the 
same COD as that found by 2-hr refluxing. 
Cover open end of condenser with a small 
beaker to prevent foreign material from 
entering refluxing mixture. Cool and wash 
down condenser with distilled water. 

Disconnect reflux condenser and dilute 
mixture to about twice its volume with dis-
tilled water. Cool to room temperature 
and titrate excess K..Cr.,O7 with FAS. us-
ing 0.10 to 0.15 mL (2 to 3 drops) ferroin 
indicator. Although the quantity of ferroin 
indicator is not critical, use the same vol-
ume for all titrations. Take as the end 
point of the titration the first sharp color 
change from blue-green to reddish brown. 
The blue-green may reappear. 

Reflux and titrate in the same manner a 
blank containing the reagents and a vol-
ume of distilled water equal to that of 
sample. 

b. Alternate procedure for"Im-COD 
.wnlh.v. Follow the above procedure. 

4. with two exceptions: (i) Use stan-
dard 0.025N K,:Cr..O7, and (ii) titrate with 
0.025N FAS. Exercise extreme care with 
this procedure because even a trace of or-
ganic matter on glassware or from the at-
mosphere may cause gross errors. 

Final 
Normality Volume 

of before 
HgSO, FAS Titration 

F mL 

0.2 0.05 70 
0.4 0.10 140 
0.6 0.15 210 

If a further increase in sensitivity is re
quired, concentrate a larger volume of 
sample before digesting under reflux as 
follows: Add all reagents to a sample 
larger than 50 mL and reduce total volume 
to 150 mL by boiling in the refluxing flask 
open to the atmosphere without the con
denser attached. Compute amount of 
HgSO4 to be added (before concentration) 
on the basis of a weight ratio of 10:1. 
HgSO 4:CI, using the amount of chloride 
present in the original volume of sample. 
Carry a blank reagent through the same 
procedure. 

This technic has the advantage of con
centrating the sample without significant 
losses of easily digested volatile materials. 
Hard-to-digest volatile materials such as 
volatile acids are lost. but an improvement 
is gained over ordinary evaporative con
centration methods. 

c. Determination of standard ,solution: 
Evaluate the technic and quality of re
agents by testing a standard potassium hy
drogen phthalate solution. 

5. 	 Calculation 
(A - B) x N x 8.000 

mg COD/L =
 

mL sample
 
where: 

A = volume FAS used for blank. mL. 
B = volume FAS used for sample. mL. and 
N = normality of FAS. 

38
 



6. Precision and Accuracy standard deviation was = 13 mg/L (coeffi-
A set of synthetic samples containiag cient of variation, 6.5%). At 160 mg COD/Lpotassium hydrogen phthaiate and NaCI and 100 mg chloride/L the standard dewas tested by 74 laboratories.' At 200 mg viation was = 14 mg/L (coefficient of vari. 

COD/L in the absence of chloride, the ation, 10.8%). 
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RESIDUE 91 

method designed to control all variables matter. It includes losses due to decompo
affecting filtration would be too cumber- sition or volatilization of certain mineral 
some for practical use. It must he recog- salts. A belter characterization of ihe 
nized, therefore. that residue determina- organic matter in water can be mde by 
tions are not subject to the usual criteria of methods such as total organic carbon. 
accuracy. The types of residuc are defined 101). or COD, described in Sections 505. 
arbitrarily by the methods used for their 507, and 508, respectively. 
determination, and these in turn represent Conductivity measurements are approx
practical approaches to what otherwise imately proportional to the filtrable resi
would be exceedingly complex opera- due and may be used in selecting proper 
lions. sample size for residue determinat ions. 

However, close correlation of results of 

TITLE 2. Sources of Error and Variability ihe two lests is not obtained always. 
Analyses performed for some special An additional possibility for checking 

Standard Methods for the Examination of Water and Wastewater 
15th Edition, 1980 APHA-AWWA-WPCF pages 90-99 

purposes may demand deviation from the 
stated procedures to include an unusual 
constituent with the measured residue. 

fixed filtrable residue is by use of ion-ex
change procedures described in the In
troduction, Section 106. 

Whenever such variations of technic are Sclection of ding relInperalwre: The 
introduced, record and present them with methods described are gravimeltric and 
the results. permit a choice of drying lemperature. 

In interpreting results, recognize the fol- Residues dried at 103 to 105 C may re

0 

lowing sources of error: Results for total. 
volatile, and fixed residues are subject to 
considerable error because of losses of 

lain not only water of crystallization but 
also some mechanically occluded water. 
Loss of CO.! will result in conversion of 

volatile compounds duhring evaporalion bicarbonale to carbonale. ILoss of organic 
and of carbon dioxide (COA and volatile matter by volatilization usually will be 
mine:als during ignition; results for resi- very slight at this temperature. Btecause 
dues high in oil or grease content may be removal of occluded waler is marginal at 

209 RESIDUE questionable because of the diflicully of 
drying to constant weight in a reasonable 

105 C. allainment 
very slow. 

of constant weight is 

The term "'residue" refers to solid mat- the material left in the vessel after evapo- time. Residues dried at 180 ± 2 C will lose al
ter suspended or dissolved in water or ration of a sample and its subsequent The temperature at which the residue is most all mechanically occluded water. 
waslewater. Residue may affect water or drying in an oven at a delined temper- dried has an important bearing on results. Some water of crystallization may remain. 
effluent quality adversely in a number of attire. Total residue includes "nonfiltrable because weight losses due to volatilization especially if sulfates are present. Organic 
ways. Waters with high residue generally residue." that is. the portion of total resi- of organic matter, mechanically occluded matter is lost by volatilization but is not 
are of inferior palalability and may induce due retained by a iller, and "'lillrable resi- water, water of crystallization. and gases completely destroyed. licarhonalcs are 
an unfavorable physiological reaction in doe." the portion of total residue that from heat-induced chemical decomposi- converted to carbonates and carbonates 
the transient consumer. Iighly mineral- passes through the filler, lion. as well as weight gains due to oxida- may be decomposed partially to oxides or 
ized waters also are unsuitable for many The earlier-used lerms ''suspended" tion. depend on temperature and lime of basic salts. Some chloride and nitrale salts 
industrial applications. For these reasons, and 'dissolved- (residue) correspond to healing. A choice of two drying temper- may be lost. In general. evaporating and 
a limit of 500 mg residue/L is desirable for *nonliltrable and fillrable residue. respec- atures is provided and the analyst should drying water samples at 180 C yields val
drinking waters. Waters with very high lively. The chemical and physical nature be familiar with the probable effects of ues for total residue closer to those obtain
levels of nonfiltrahle residues may be es- of the material in suspension, the pore size each. ed through summation of individually tie
thelically unsatisfactory for such purposes of the filler, the area and thickness of the "'Fixed residue'--the residue remain- termined mineral species than the values 
as bathing. filler mat. and the amount and physical 

state of the materials deposited on it are 
ing after ignition for I hr at 550 ± 50 C-
does not distinguish precisely between or-

for tothd residue secured through drying at 
a lower temperature. 

1. Definitions the principal faclors affecling separation ganic and inorganic residue because the Select drying lemperalure best suiled to 

"Total residue" is the term applied to of nontillrable from filtrable residue. A loss on ignition is not conlined to organic the sample. I-xamine waters low in organ
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ic malter and total mineral content and in- the determination of residue in potable, b. MA0eJfitrnace for operation at 550 d. Dry evaporated sample for at least Itended for human consumption at either surface, and saline waters,temperature, but dry waters containing mestic and 

as well as do- 50 C.industrial wastewaters in theconsiderable mineral salts to 105 C.or those with range up to 20,000 mgiL.d.mestc ad inustialther. astwates 
.103 

tran bah.i Dryig oven. for operation at . Cool dish103 to temperature and inweigh.desiccator to balanceptl over 9.0 at the higher temperature. In Historically, Method C, determining to-any case. report drying temperature. tal filtrable residue dried at 105 C.103 to 105 C e. Desicrcator, provided with a desic- f. Repeat cycle of drying at 103 to105 C, cooling, desiccating, and weighinghas been used by most laboratories. Be-3. Sample Handling and Preservation cant containing a color indicator of mois-cause of problems discussed above. Meth- until a constant weight is obtained, or untillure concentration, weightBegin analysis as soon as possible be-
loss is less than 4% of previousod B. specifying that the residue be dried cause f. Analytical balance. 200-g capacity,of the impracticality of preserving weight.at 180 C, is preferable for drinking waters, capable of weighing to 0. 1 mg.the sample. Exclude large floating parti- waters low in organic matter, and waterscles 4. Calculationor submerged agglomerates of non- with high mineral content.homogeneous materials from the sample 3. Procedure mg total residue/L (A - B) x 1,00oMethod G is applicable to determining a. Ignite clean evaporating dish at 550in Methods A. D. and F. sample volume, mLvolatile and fixed fractions in sediments,Water has considerable solvent action " 50 C for I hr in a muffle furnace, where:suspended matter, and solid and semisolid b. Cool, desiccate, weigh,on glass. Use resistant-glass bottles or materials produced during water 

and store A = weight of sample + dish, rag, andand dish in desiccator until ready for use.plastic bottles provided that the material B = weight of dish, mg.wastewater treatment. c.in suspension does not adhere to container Transfer a measured volume ofThe amount and type of suspended mat-walls. sample to preweighed dish and evaporateAnalyze samples likely to contain 5. Precision and Accuracyter, the purpose of the analysis, and the to dryness on a steam bath or iniron or manganese promptly to minirnie relative a drying Precision is about t4 mg or ±5%. Whenease of making the determination
the possibility of chemical or physical 

oven. Choose a sample volume that will the residue from a 50- to 100-mL sample ofwill dictate whether the nonfiltrable resi- yield a residue between 2.5change during storage. duc is obtained directly mg and 200 raw sewage was weighed, the standard deor by calculation mg. Volume required may be estimated viation of the weighing wasof the difference between total and filtrable 1.9 mg (11= 3;4. Selection ot Method residues. from conductivity. If necessary, add suc- 60 X 10), but the data are considered stacessive sample portions to the same dish. tislically unreliableMethods A through F are suitable for because of sampling 
When evaporating in a drying oven, lower errors. On settled eMuentslemperature to approximately 2 C below a statisticallyreliable standard deviation of 0.9 mgboiling to prevent splattering. (n = 1; 5 X 20) was found. 

209 A. Total Residue Dried at 103-105 C 
1. General Discussion ing particles or submerged agglom:rates 

a. P'nciple: A well-mixed sample is of nonhomogeneous materias fron theevaporated in a weighed dish and dried to 
209 B. Total Filtrable Residue Dried at 180 Csample. Disperse visible floating oilcons:an, weight in an oven at 103 to 105 C. and 

grease with a blender before withdrawing . General DiscussionThe increase in weight over that of the a I'I1Vrrciwr. Highly mineralized wasample portion for analysis
empty dish represents the total residue. 2. Apparatus tlerswith a considerable calcium, magne-Filtrable residue is material that passesAlthough the resuilts may not represent the sium, chloride, and/or sulfate content may

Irough a standard glass fiber filler and re-weight of actual dissolved and suspended a. Evaporating dishes: be hygroscopic and require prolongedDishes of 100- ains after evaporation and drying to con-solids in wastewater samples, the determi- drying, Proper desiccation, and rapidmL capacity made of the following materi- ant weight at 180 C.1 The determinednation is useful for plant control. In some aIs: weighing. Samples high in bicarbonate re
instatices, correlation may be improved by 

dues may not check with the theoretical quire carefulI) Porcelain, 90-mm diam. and possibly prolonged 
adding IN sodium hydroxide (NaOli) to 

tite for solids calculated from chemical drying at It0 C2) Platinum-Generally satisfactory for 
to insure complete con

wastewater samples with a p1l 
alysis of water. Approximate methods version of bicarbonate to carbonate.below 4.3 all purposes.

and mainlaining the pt1 of 4.3 during evap- r correlating chemical analysis With resi3) High-silica glass.* le are available.2oration. Correct final calculation for added 2. Apparatus 
sodium. The filtrate from the total nonpiltrableVVCor. prxduct of Corning Glass Works, Coming, ;idlue- b. hlnererences: Exclude large, (Section 2091)) may be used for All of the apparatusfloat- N.Y.. or equivalent. listed in Sectiontermination of total filtrable residue. 209A.2 is required and in addition: 
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a. Glass-fiherfiher.*. circular, without yielding between 2.5 mg and 2() mg total
organic binder. filtrable residue. If sample contains less 

h. Filtration apparatus suitable for fit- than 10 mg filtrable residue/i.. use 250 mL. 
fer selected: Under vacuum, filter well-mixed sample

I) Filter holder: Gooch crucible adapter through glass-fiber filter, wash with three 
or membrane filler funinel, successive 10-mL volumes of distilled wa-

2) Gooch crucible, 25-mL to 40-mL ca- ter, and continue suction for about 3 min
pacity, suitable for filter size selected, after filtration is complete. Transfer fil-

c. Suctionflask. 500-mL capacity. trate to a weighed evaporating dish and 
evaporate to dryness on a steam bath. Dry3. Procedure for at least I hr in an oven at 180 ±t2 C, 

a. Preparation of fie.lnss-fiher fitrJilter: cool in a desiccator Io balance temper-
Place filler either on membrane filter appa- attire, and weigh. Repeat drying cycle un-
ratus or bottom of a suitable Gooch cru- til a constant weight is obtained or until 
cible. Apply vacuum and wash filter with weight loss is less than 4% of previous
three successive 20-mL. volumes of dis- weight or 0.5 mg, whichever is less. Base 
tilled water. Continue suction to remove calculation on original sample volume be-all traces of water. Discard washings. cause all filtrate is evaporated.

b. Preparation of'eivaporating dish: Ig-
nile cleaned evaporating dish at 550 ± 4. Calculation 
50 C for I hr in a muffle furnace. Cool and 
store in desiccator until needed. Weigh mg total filtrable residue at 180 C/L
immediately before uese, 

resilie in the evaporating dish may form a - (A - B) x I,000
water-entrapping crust, use samplea sample volume, mL 

where: 
* hatmnan grade 934A11 and 98411: (,elman type NE: A = weight of dried residue + dish, mg.Millipore type AP140; or equivalent. Available indiam- andeiers of 2.2-cm to 4.7-cm. B = weight of dish, mg. 

209 C. Total Filtrable Residue Dried at 103-105 C 
|:ollow procedure described in Section ries. a synthetic sample containing 134 mg

20911. Dry filtrate at 103 to 105 C instead filtrable residue/L was analyzed at a
of 180 C. drying temperature of 103 to 105 C with a

I'recision anl accuracyv: In 18 laborato- standard deviation of 13 mg/L. 

209 D. Total Nonfiltrable Residue Dried at 103-105 C 
(Total Suspended Matter) 

i. General Discussion material on a standard glass-fiber filter af-
ter filtration of a well-mixed sample. The

Total nonfiltrable residue is the retained residue is dried at 103 to 105 C. If the sus-

RESIDUEf'otal Volatile & Fixed 95 

pended material clogs the filter and pro- from membrane filter funnel assenbly and
longs filtration, the difference between the transfer to an aluminum 6r stainless steel 
total residue and the total filtrable residue planchet as a support. Alternatively re
provides an estimate of the total non- move crucible and filter combination from
filtrable residue, acrucible adapter if Gooch crucible iv

Volatile nonfiltrable residue and fixed used. Dry for at least I hr at 103 to 105 C,
nonfiltrable residue can be determined on cool in a desiccator to ba!ance temper
the material retained on the glass-fiber Ill- attire, and weigh. Repeat drying cycle un
ters in the Gooch crucibles on completion til a constant weight is attained or until
of the drying at 103 to 105 C. weight loss is less than 4% of previous

weight, or 0.5 mg, whichever is less. 
2. Apparatus c. The dried residue in the GoochwegTheodriedgresidue in cruteoc -

Apparatus listed in Sections 209A.2 and cible may be ised for determining volatile
209B.2 is required. and fixed matter at 550 C in Section 

209G.3b4). 
3. Procedure 

a. Preparation of glass-fiber filter: 4. Calculation
 
Place filter either on membrane filler appa
ratis or the bottom of a suitable Gooch mg total nonfiltrable residue/I.

crucible. Apply vacutm and wash filter
 
with three successive 20-mi. portions of = x
(A - B) 1,000
distilled water. Continue suction to re- sample volume, mL 
move all traces of water, and discard where: 

washings. Remove filter from membrane A = weight of filter + residue, mg, andfilter apparatus and transfer to an alumi-num or stainless steel planchet as 
B = weight of filter, mg. 

a sup
port. Remove crucible and filter combina- 5. Precision and Accuracy
 
lion if a Gooch crucible is used. Dry in an
 
oven at 103 to 105 C for I hr. Store in des-
 The precision of the determinationiccator until needed. var-Weigh immediately ies directly with the concentration of sus
before use. 
 pended matter. The standard deviationb. Sample treatment: Because exces- was 5.2 mg/L (coefficient of variation 33%)

sive residue on the filter may entrap water 
 at 15 mg/L. 24 mg/L (10%) at 242 mg/L,
and extend drying time, take for analysis a and 13 mg/L, (0.76%) at 1,707 mg/L (i = 2:sample volume that will yield between 2.5 4 X 10). There is no satisfactory proce
mg and 200 mg total nonliltrable residue. dure for obtaining the accuracy of the
As a practical limit, filter 100 ml- of well- method on wastewater samples hecause 
mixed sample tinder vacuum. Wash filter the trite concentration of suspended mat
with three successive 10-mL- portions of ter is unknown. See Section 209A.5 for 
distilled water. Carefully remove filter other comments. 

209 E. Total Volatile and Fixed Residue at 550 C 
1. General Discussion the total residue of Method A may be de

termined by igniting the sample at 550 ±
The volatile and fixed components in 50 C. The determination is useful in con
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trol of wastewater treatment plant opera-
lion hecase it offers a rough approxima-
lion of the amount of orgahic matter pres-
en in the solid fraction o wastewater. 
activated sludge, and industrial wastes. 

2. 	 Apparatus 

See Sections 209A.2 and 209B.2. 


3. Procedure 

Ignite residue produced by Method A to 
constant weight in a mUlTe furnace at a 
temperature of 550 ± 50 C. Constant 
weight has been reached when two sue-
cessive weighings do not differ by more 
than 4'1r. Have furnace up to temperature 
before inserting sample. Usually. 15 to 20 
min ignition are required. Let dish cool 

partially in air until most of the heat hasbeen dissipated. Transfer to a des.iccalor 
for final cooling in a dry atmosphere. )o 
not overload desiccator. Weigh dish as 

xe-soon as it has cooled completely. Report 
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loss of weight on ignition as total volatile 
residue and weighed residue as total fixed 
residue. 

. 

4. Calculation 

iAde) - X 1.000 
mg volatile residue/L = 29..lam*l volume. mL 

mg lixed residue/L = (B - " x 10TX) 
sample volume, mL 

where: 
A = weight or residue + dish before igni-

lion. mg.
B = weight of residue + dish after igni-

lion. mg, and 
C = weight of dish, mg. 

5. Precision and AccuracyThree laboratories examined four sam-
pies by means of 10 replicates with a stan-
dard deviation of I I mg/I. at 170 ing/L vol-
atile residue concentration. 

209 F. Settleable Matter 

1. General Discussion 
Settleabile matter in surtce and saline 

wates as well as domestic and industrial 
wateasy el a i c ai wasoc may he deermined and reporlted oon either a voltime (m illiliters per liter) orac 

weight (milligrams per liter) basis. 

2. Apparatus 

The appai-alits listed tinder Sections 
2) 9A.2 and 20913.2. and an Imhoff cone. 
are requied for a gravimetric lest. The 
volnetric test requires only an Imholl 
cone. 

3. Procedure 

. Iv v thin,.: Fill an Inhoff cone to.lie 
-I. mark wilh a thoroughly mixed sample.Settle for 4.5 rin, gently stir sides of cone 

with a rod or by spinning. settle 15 min 
longer, and record volume of settleable 
matter in the cone as milliliters per liter. If 
the settled matter contains pockets of liq-

between large settled particles, esti-fr m-oi
male volume of these and subtract fromvolume of settled matter. The practical 

lower limit of measurement is aboil I mlJ 
L. Where a separation of' settleahle andfloating materials occurs, do not estimate 
the floating material as settleable matter, 

h. I lve ,,h: 
I)Determine total nonlilrable residue 

or well-mixed sample (Section 2191)). 
2) Pour a well-mixed sample inlo a glass 

vessel of not less than 9 cm diam. Use a 
san pIe of not less Ihan I I. and suflicient 
to give a depth 20 cm. Alternatively usea glass vessel ofof greater diameter arid a 

RESIDUE/Noniltrable Volatile & Fixed Matter 

larger volume of sample. Let stand quies-
cent for I hr and, without disturbing the 
settled or floating material, siphon 250mL 
from center orcontainer at a point halfway 
between the surface of the settled sludge 

and the liquid surface. Determine non-
filtrable residue (milligrams per liter) of 

this supernatant liquor (Section 2091)). 
This is the nonsettling matter. 

4. Calculation 
mg setleable mller/L 

= 	 mg suspended maller/I. 
- mg nonseilleable matter/L 

209 G. Volatile and Fixed Matter in Nonfitrable Residue and in
S a le 

Solid and Semisolid Samples 

1. General Discussion 
This method is applicable to the deter-

mination of total residue on evaporation 
and its fixed and volatile fractions in such 

solid and semisolid samples as river andlake sediments, sludges separaled from 
water and wastewaier treatment process-
es, and sludge cakes from vacimn liltra-
lion, centrifugation, or other sludge dewa-

tering processes. 
The determination of both total and vol-

alile residue in these materials is stbiecl to 
negative error due to loss of ammonium 
carbonate [(N H 1)CO:, and volatile organ-ic 	matter while drying. Althouigh this is 

true also for wastewater. the effect lends 
to be more pronotinced with sediments, 
anti especially with sludges and sludge 
cakes. 

The mass of organic matter recoveredre alfrom sludge and sediment requires ng-a long-er ignition time than that specified Ior resi-

due from wastewaters, ellltient s, or pol-
kited waters. Carefully observe specified
ignition time and tenperature to control 
losses of volatile inorganic salts, 

Make all weighings quickly because wet 
samples tend to lose weight by evapora-
lion. After drying or ignition residues of-
ten are very hygroscopic and rapidly ab-
sorb moisture from the air. 

2. ApparatusSee Sectiotns 209A.2 anrd 2(1913.2. 

3. Procedure 
a. Solid andlemyi olid .amles: 
I) Total residue and moisture
a) Preparation of evaporating dish-Ig

nile aclean evaporating dish at 550 !. 50 CIor I hr in a mrlle furnace. Cool in a des
iccator, weigh, and store in a desiccator 
until ready for use. 

b) Fluid samples-If the sample con
tains enough moisture to flow more or less 
readily, stir to homogenize, place 25 to 
50 g in a prepared evaporating dish, and 
weigh to the nearest 10 mag. Evaporate to
dryness on awater bath, dry at 103 C for I
hr. cool in an individual desiccator con
taining fresh desiccant, and weigh. 

c Solid samples-If the sample con
sists of discrete pieces of solid material 
(dewalered sludge, for example), take 
cores from each piece with a No. 7 corkpilveri,.eil r t iti sborer or z the entire samplecoarsely on a clean surrace by hand. usingp e 

rubber gloves. Place 25 to 50t g in i pre
pared evaporating dish and weigh to thenearest 10 tag. P'lace in an oven at 11)3 C 
overnight. Cool in an individtial desicc;ttor 
containing fresh desiccant and weigh. Pro
longed heating may result in a loss ol'vola
tile organic matter and (Nil,).CO),, bitt 
it usually is necessary to dry samples 
thoroughly. 

2) Volazile resiu e- neteraine volatileattie inotganic sals, on the total tesiditeresid ie, i nc indi nrigosga ic mattter a nd vol 

http:Nil,).CO
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obtained in 1) above. Avoid loss of solids 
by decrepitation by placing (ish in a cool 
mfifle furnace, healing furnace to 550 C, 
and igniting for 60 min. (First ignite sam-
pies conlaining large anounts of organic 
matter over a gas burner and under an ex-
haust hood in the presence of adequate air 
to lessen losses due to reducing conditions 
and to avoid odors in the laboratory.) Cool 
in a desiccator and reweigh. Report results 
as fixed residue (percent ash) and volatile 
residte.

b. Nonfiltrable residue (isspended 
mailer): 

) Preparalion of glass-liber filter-
Place a glass-fiber filler in a membrane fil-
ter holder, Hlirsch funnel, or Buchner fun-
nel. wilh wrinkled surface of filter facing 

upward. Apply vacuum to 1he assembled 

apparatus to seat filter. With vacuum ap-
plied. wash filter three successive 21)-wilt 
mL portions of distilled water. After the 
water has filtered through, disconnect vac-num, remove filterttransfersto an alnmi-

nur or stainless steel phatchet as a sup-
por, ati ry a I0 C or hr
n a ovn 


(30 min in a mechanical convection oven). 
If volatile matter is not to be determined, 
cool filter in a desiccator to balance tem-
peralure and weigh. If volatile matter is to 
be determined, transfer filler to a muffle 
furnace and ignite at 550 C for 15 min. Re
move filler from furnace, place in a desic-
calor until cooled to balance temperature,an d w igh,s
and weigh. 

2) Trealment of sample-Except for 
samples that contain high concentralions 
of filtrable matter. or that filter very slow-
ly. select a sample volume 14 mIcm' 
filler area. 

Place prepared filter in membrane filter 
holder. I lirsch fumnel, or fuchner funnel. 
with wrinkled surface upward. With vacu-
um applied, wet filler with distilled water 
to seat it against holder or funnel. Measure 
well-mixed sample with a wide-tip pipetor a mplate i-liprwylither.
graduated saper cylinder. Filler sample 
Ihrotgh filter using suction. Leaving stc-
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lion on. wash apparatus three times with 
10-mL portions of distilled water, allowing
complete drainage between washings. Dis-
continue suction, remove filter and dry to 
conslanl weight (see 2l 19 11.3c) at 103 C for 
I hr in an oven (30) mitt in a mechanical 
convection oven). After drying, cool filter 
in a desiccator to balance temperature and 
weigh. 

3) Filtration with Gooch crucibles-AI-
ternatively, use glass-liber filters of 2.2 or 
2.4 cm diam with Gooch crucibles and follow the procedure in Section 209D.3h. 

4) Ignition-Ignite filler with its non-
filtrable residue (total suspended matter) 
for 15 min at 550 -t50 C, transfer to a des-
iccator, cool to balance temperature, and 
weigh. 

4.Calculation 
a. Solid and semisolid.samlhIs: 

A x 100 
% total residue 

vt (A% volatile residue = x 1ri 
A 

% fixed residue 1TxIX)

A 

h.Nonfilhraule residt'e(.us.vpentded tat
ter):
 

mg nonfiltrable volatile residue/Lg o-lral v ol 
= _E 1__amp le vo lu me, mlnipte vixe, mL 

Cx 1,o)0 

sample volume, ml,
where: 

A = weight of dried solids, mg. 
= weight of wet sample. mg. 

C = weight of ash, mg. 
1)= weight of residue before ignition, mg, 

and 
E = weight of residue after ignition, mg. 

5.Precision and Accuracy 
See Section 2091).5. 
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210 SALINITY 
Salinity is an important measurement in water density at 20 C. An empirical relta

the analysis of certain industrial wastes tionship' between salinity and chlorinity
and seawater. It is defined as the total sol- often is used: 
ids in water after all carbonates have been
converted to oxides, all bromide and io- 0/ = 0.03 + 1.805 (chlorinity, 0/0) 

dide have been replaced by chloride, and 
all organic matter has been oxidized. It is 
numerically smaller than the filtrable resi- Seles tion oJ'nethod: Three procedures
due and usually is reported as grams per are presented. The electrical conductivity
kilogram or parts per thousand (0/ou). (A) and hydrometric (B) methods are suit-

Associated terms are chlorinity, which ed for field use along a shoreline or in a 
includes chloride. bromide, and iodide, all small boat. For laboratory or field analysis
reported as chloride, and chlorosity. of estuarine or coastal inlet waters thear
which isthe chlorinity multiplied by the gentometric method (C) is recommended. 


