‘Wi st

L RESEARCHISUEPDRBPROGRAM

> up o
5

BGIY iy RN
. :&Ji}g‘rﬁ '('lf!)i‘tk;uut.w

;,.i.i\‘ ,A"-"'llll""f-‘,} !

RN v, [N
Syt ~

. B IO
tCGoryalliSREITEoth

éfﬁ.




Pp-Aee-727

POND DYNAMICS/AQUACULTURE
COLLABORATIVE RESEARCH SUPPORT PROGRAM

FIFTH WORK PLAN

September 1, 1989
through
August 31, 1991

Pond Dynamics/Aquaculture CRSP
Office of International Research and Development
Oregon State University
Snell Hall 400
Corvallis, Oregon 97331-1641 USA

This work plan describes a standardized set of experiments to be undertaken by
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States Agency for International Development.



DISCLAIMER

The contents of this report do not necessarily represent an official position or policy
of the United States Agency for International Developmen:, nor does the mention of
trade names or commercial products constitute an endo:sement or recommendation
Jor use on the part of the United States Agency for International Development.
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INTRODUCTION

The Fifth Work Plan of the Pond Dynamics/Aquaculture CRSP was developed by the
CRSP Technical Committee at a meeting in Davis, California on May 110 4, 1989. This
work plan describes activities to be conducted by the CRSP during the period 1 September
1989 to 31 August 1991. This two-year period includes the last year of the current AID
Grant and the first year of the proposed continuation grant. Many of the studies described
in this work plan are contingent upon the continuation of the program. Additionally,
several studies are proposed for which fundin g is not allocated in the existing grant and the
‘proposed continuation. These studies, which are identified in the text, will be supported by
other 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 althou gh several
experiments in Honduras will be concerned with the dynamics of brackish water ponds. In
addition to field activities at the research farms of the cooperating institutions, experiments
with cooperating farmers are planned. Analysis and synthesis of the global data resulting
from the field studies will be conducted in the United States.

The first three CRSP work plans specified identical experiments at all CRSP sites to
provide 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 siies. In this way, many more
hypotheses could be tested than if the same experiments were conducted at all sites. The
Fifth Work Plan follows the same approach as the Fourth Work Plan, Different, but
related, topics will be considered at each site. The particular topics to be studied at each site
are based on the research needs of aquaculture in each country and the needs for more
information, as identified by the CRSP Technical Commitee.

The general goals of this work plan are:

1. To preserve the global nature of the CRSP exgperiments;

2. To conduct experiments 1o refine management practices for fertilized ponds;

3. To verify CRSP results with cooperating farmers;

4. To continue adding observations to the global CRSP database; and

3. To provide verified preliminary guidelines for management of fert!ized ponds.

EXPERIMENTS
THE GLOBAL EXPERIMENT

The Fifth Work Plan will preserve the global nature of the CRSP and will address diverse
research needs at each site. First, data will continue to be collected using standardized
methods. Second, these data will be entered into the global database, which is maintained

researchers throughout the world. Third, related experiments are conducted at the various
research stations. For example, studies of maintenance of minimum dissolved oxygen
concentrations and the effects of pond size will be conducted in both Thailand and
Honduras. Supplemental feedin g studies will be conducted in Honduras and Rwanda.
On-farm studies are planned for Rwanda and Thailand.



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 samplifig 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
* Wind (cumulative between sampling times)
» Solar Radiation (cumulative between sampling times)



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)
* Indiviuual Lengths (of 10% sample)

- Monthly Sampling
* Toral Mumber 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

& o o ¢ o ¢ o o

Pond morphology is to be measured when the ponds are first constructed and whenever
pond 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



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 Required
Measurements, 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 specified
in Section 3, a method from Standard Methods (APHA et al., 1985) should be used
whenever possible and the Materials and Methods Subcommittee of the CRSP Technical
Committee should be informed. If problems are encountered while using the accepted
method for a particular application, the Materials and Methods Subcommittee should be
contacted. If optional measurements are made and researchers wish to have the data
included 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 Instructions for Data Entry. Data and accompanying text for the CRSP Data Reports
series should be submitted to the CRSP Program Management Office within six months of
harvest of each 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
Data Reports unless other arrangements are made in advance.



REPORT SUBMISSION
Introduction:

CRSP researchers are aware of the difficulties in compiling the results of the various
experiments described in this Work Plan into a single, cohesive Data Report for each site.
In response to these concems, the requirements for Submittin g text to Data Reports have
changed. The studies detailed in the biennial Work Plans fit the Research Reports format
better than the Data Reports format; consequently, researchers will be required to submit a
technical report (text and figures) in the form of a Research Report to the Program
Management Office (see below). Data Reports will serve the followin g purposes: to
protect researchers' data from unauthorized publication and use, to compile all standardized
data for use in the Global Experiment and in other analyses, and to document where
procedures 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 the
experiment ends. Technical reports should be submitted in one of the following formats:

a) AsaResearch Report, with the understandin g that the manuscript will be reviewed,
edited, and printed as a short (4-8 pages) report; or

b) As a Notice of Publication under the Research Reports series. Notices of
Publication are reserved for those articles that have been or will be published in a
refereed journal. Authors who wish to use this format for technical reports should
submit a copy of a manuscript which is "under review" by a journal, together with a
cover 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 Dara Report for each set of
studies. For example, there should be one Dara Report for Rwanda, one for Thailand, and
one for Honduras for the studies described in each biennial Work Plan. The text will be
confined to a "Materials and Methods" section, which should be used to describe how the
materials or methods used during the studies diverged from those specified in the Work
Plan. Text for Data Reporrs is due three months after the end of the latest experiment
(study) described in the Work Plan. For example, text for the Rwanda Dara Report should
be submitted three months after Study 4 ends, and should include a "Materials and
Methods" section for all studies completed during the course of this Work Plan.

Should difficulties in completing the Work Plan on schedule arise, please advise the
Director so that an alternate reporting format can be arranged.



AFRICA—RWANDA PROJECT

Cooperating Institutions:

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

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

Al TT_c_ el

r. 1nomas ropma
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 for
studies on pond dynamics and fish production. Factors evaluated were: a) method
of compost preparation; b) benefits of adding chicken manure, urea, or inorganic
phosphorus to compost or to compost-enriched ponds; c) weekly loading rates; and
d) method of applying compost to ponds (confined vs broadcast). Two important
related variables not evaluated during the Fourth Work Plan were fish density and
composting regime (constant composting rate throughout the cycle versus an initial
high rate to accelerate plankton production followed by proportionally reduced
weekly rates).

N AL v . . PR -

Ievels signircantly 1ower than those observed elsewhere. Other biological
characteristics of tilapia make it an appropriate culture fish for isolated regions with
TooeVm omn AZal L 2 o T, ~ A <A . R

avLuialCiy asdess wic Upper elevaton Limits tor protitable tilapia culture. For
example, at what temperature does tilapia culture become an inefficient use of
resources? 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



with available laboratory facilities, present a unique opportunity to answer such
temperature-related questions.

3. In any region, enterprise budgets for aquacultural practices and alternative
agricultural activities are necessary to evaluate the most appropriate allocation of
resources. These data are especially important for aquacultural development
programs when cool temperatures and scarce nutrient inputs limit fish yields from
ponds. Tilapia farmers in Rwanda are pleased with annual fish yields of 1,000 to
2,000 kg/ha, but an integrated economic analysis could help determine whether fish
culture is the best use of the limited resources.

4. In many developing countries, the principal source of food for fish is naturally
occurring organisms in enriched ponds. Previous studies suggest that the energy
content on these natural foods is insufficient for the optimum utlization of the
available protein for fish growth. Supplementary feeding with hi gh-energy
feedstuffs, which are less expensive than high-protein feedstuffs, could improve
protein utilization efficiency. Data on the relative abundance of digestible protein
and energy in organisms cultured under different enrichment regimes is needed for
the 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 of
these studies is to more fully understand the factors affectin g pond dynamics and fish
growth under climatic conditions considered marginal for tilapia production, using the
limited nutrient inputs available to most potential producers in economically depressed
regions.



Figure 1. Schedule for Data Collection in Rwanda 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 Dec Jan Feb Mar Apr May Jun Jul Aug
Study 1. Effects of Fish Density and | Rwasave FIRRLEREREESE SR RTRE
Nutrient Loading Frequency
Study 2. On-Farm Studies - Various FEEEIEERES SN
Characterization of Farms
Study 3. On-Farm Studies - Effects Various FEEERRREEERRRSRREEESERRER R SRR SEEES RS AR AR ES
of Elevation
Study 4. On-Farm Studics - Various EXEREEE ISR RE S
Supplemental Feeding
Study 5. Effects of Diel Temperature | Arkansas FEREREEEIRRRSR SR £
Fluctuations on Growth
Study 6. Digestibility of Natural Rwasave b hhad s ad bt L il
Food Organisms
Study 7. Balancing Protein/Energy Rwasave FREEEEEREER IR RS NA S S RRRRR RS
Ratios of Natural Food
Study 8. Ecoromic Analysis of Various [#**#sssssssssessssssns
Aquaculture Production Systems




RWANDA STUDY 1: EFFECTS OF FISH DENSITY AND

ATYTTONTITATYT ¥ M s v vys vome o — —

Obhiective: Ta determine tha affanie A8 &AL 3t _
£ 77T TomTmmesvs mess Lo pruauv LU UL LULIPUSIEA PONAS 1N highland Atrica.

Significance: This study will provide information on the fish densities needed to produce
maximum yields of marketable fish. Also, in Rwanda, plankton blooms generally require
several 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 production
which 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 stocking rate: Advanced juveniles of Oreochromis niloticus (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 the
production cycle: 1) constant weekly loading at 500 kg/ha (dry weight basis); 2) heavy
initial 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.

Sampling schedules: 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.




RWANDA STUDY 2: ON-FARM STUDIES—CHARACTERIZATION OF FARMS

Objective: To characterize rural fish ponds at four elevation levels between 1,200 and
2,300 m ASLs on the basis of soil and water chemistry and 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 documenied,

Sampling schedule: Once per pond.

Physical parameters:
- Soil: texture and temperature 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.

Significance: This study will lead to a better understanding of the elevation at which the
culture of O. 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 Q. niloticus (both sexes) at 1 fish/m?2.

Nutrient inputs: 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 may

be added at specific sites to standardize conditions.
Water management: Replace evaporation and seepage losses weekly.

mpling 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 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 diumnal, primary productivity, respiration, or soil measurements,
Biological parameters:
- Fish weight: three times.
- Stomach samples: 15 fish/pond are to be collected during
month 5 at 1500-1700 hours. Analyze for dry matter, volatile
matter, and Kjeldahl-N.

Null Hypotheses:

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 report,
8/91.



RWANDA STUDY 4: ON-FARM STUDIES—SUPPLEMENTAL FEEDING

Objective: To determine to what extent the addition of supplemental feedstuffs to enriched
(compcested) 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 O. niloticus (both sexes) at 1 fish/m2,

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 diumal, primary productivity, respiration, or soil measnrements.
Biological parameters:
- Fish weight: three times.
- Stomach samples: 15 fish/pond are to be collected durin g month 5 at
1500-1700 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.

Statistical methods: 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.

12



RWANDA STUDY 5: EFFECTS OF DIEL TEMPERATURE FLUCTUATION
ON GROWTH

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

Significance: This study will help determine if maximum water temperature is more critical
than average temperatures. This could have great impact on pond management and
determination 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 O. niloticus at 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 two
times a day. Water inflow is suspended during feeding. Water temperatures are to be
either constant or fluctuate in a diel pattern to simulate natural temperature fluctuations. The
constant water temperature regimes will be 16°C, 20°C, 24°C, 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: initally, daily.
Biological parameters:

- Fish mortality and weight of carcass: daily.

- Total fish weight and number: biweekly.

This study will investioate:

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.

13



RWANDA STUDY 6: DIGESTIBILITY OF NATURAL FOOD ORGANISMS

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

Significance: Information on the relative abundance of crude piotein and digestible energy
in 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 1 m. 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
O. niloticus .

Nutrient inputs: Six nutrient input regimes as follows: 1) Chemical fertilizer at a
recommended 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 schedule: 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 and
eight. 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 micCroscopic

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 not
different from 11 kcal of digestible energy per gram of digestible crude protein.

Statistical Methods: ¢ test.

Schedule: Data collection, 7/90 - 11/90; technical report, 2/91.

14



RWANDA STUDY 7: BALANCING PROTEIN/ENERGY RATIOS
OF NATURAL FOODS

Objective: To test the conclusions from the digestibility studies regarding the protein-
energy balance of natural foods in enriched ponds by comparing the growth of tilapia in
manured ponds receiving different levels of supplemental dietary digestible energy.

Significance: If this study substantiates the benefits of supplemental dietary energy, the
energy-rich commercial feeds formulated for warm-blooded animals (these are generally
available in developing countries whereas specifically formulated fish feeds are not), may
have 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%d). Four replicates,

Pond facilities: Eighteen ponds at the Rwasave Station, each with a surface area of 700 m?2
and an average depth of approximately 1 m.

Culture period: Five months.

Fish stocking rate: Juvenile O. niloticus (both sexes) at 1 fish/m2.

Nutrient inputs: All ponds will be fertilized with the enrichment regime from Study 6 that
is demonstrated to be the most energy deficient. The source of supplemental energy should
have a very low protein content, such as cassava meal which has been treated to improve
palatability.

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 fish
ponds are located at elevations often considered outside the feasible range for profitable
tilapia culture, yet many farmers continue to raise fish. This study should provide
indications 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) on
the 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 collected
by the Rwandan National Fish Culture Project based in Ki gembe. A follow-up survey of
fish 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 supplemental
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 for
Rwanda. Net returns from fish culture will be compared to net returns from bean
production and other crops for which sufficient information is available. The analysis of
net 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 at
Pine Bluff and is funded by a subcontract with Oregon State University. This economic

analysis 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-Coddington
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 the
examination and refinement of management procedures that can potentially increase fish
vields. Management procedures that will be examined are stocking density, supplemental
feeding, 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. The
recent installation of automated data logging and control systems at the El Carao station will
enable 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 to
increase in fish yields through improved management practices.
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Figure2. Schedule for Data Collection in Honduras during the Fifth Work Plan.
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HONDURAS STUDY 1: SUPPLEMENTAL FEED/MANURE
COMBINATIONS

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

Significance: Data from this study will provide information which will contribute to the
effort 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 O. niloticus fingerlings at 1 fish/m2 and guapote tigre
(Cichlasoma managuense) at 0.05 fish/m?2.

Nutrient inputs: 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, NO;-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 a
combination of chicken litter followed by feed.

Statistical methods: ANOVA.

Schedule: Data collection, 7/89 - 12/49, technical report, 6/90.
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HONDURAS STUDY 2: TILAPIA- TAMBAQUI (Colossoma macropomum)
POLYCULTURE STUDIES

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

Significance: 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 O. niloticus fingerlings at 10,000 fish/ha, 500 guapote
tigre (Cichlasoma managuense) /ha, and 5,000 tambaqui (Colossoma macropomum) /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: 1x/wk.

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

- Chlorophyll a, Secchi disk visibility: 2x/wk.

- Zooplankton: 1x/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 ir. 2 ponds from each treatment.

Null Hypotheses: Tambaqui yield will be similar for all mana gement strategies. Nitrogen
supplementation of chicken litter will not increase primary productivity or fish yield, or
affect 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

Objective: To determine the effects of lemperature on the production of tilapia fry that are
less than 15 mm in total length.

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

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

Pond facilities: El Carao, four ponds, 500 m2, 0.75 m deep.

Culture period: 18 months.
Fish stocking rate: Tilapia (O. niloticus)breeders at 0.75 fish/m2; 2 females/1 male.

Nutrient inputs: Chicken litter at 1000 kg/ha upon filling the pond. Commercial pelleted
feed 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 7 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 1 m2 hapa nets for treatment and twelve 2 m2 hapa nets for
grow-out to 10-15 g in a 2000 m? 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 O. niloticus fry/m? 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.
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HONDURAS STUDY 5: MAINTENANCE OF MINIMUM DISSOLVED
OXYGEN CONCENTRATIONS

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

Significance: In heavily manured systems, the positive effects of adding additional
nutrients can be offset by the increased oxygen demand of the manure. Aeration should
minimize 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 m?, 0.75 m deep. Aerators controlled by data
logger will be installed in six ponds. Aerators will be turned on whenever bottom
dissolved oxygen concentrations drop below the allowable minimum.

Culture period: Five menths.

Fish stocking rate: Sex-reversed O. niloticus fingerlings at 2 fish/m? and guapote tigre
(Cichlasoma managuense) at 0.05 fish/m2,

Nutrient inputs: Best chicken litter/feed combination from Honduras Study 1.

Water management: Replace cvaporation 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, Kjeldah!-N, NO3-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 identfied durin g earlier experiments.

Significance: More efficient use of nutrient inputs and primary productivity may be
possible with higher stocking rates. However, higher stocking densities often yield smaller
fish. 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

Culture period: Five months.

Fish stocking rate: Sex-reversed O. niloticus fingerlings at 0.5 fish/m2, 1 fish/m?2, 2
fish/m?, and 3 fish/m? with guapote tigre (Cichlasoma managuense) at 0.05 fish/m2

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, NO5-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 - 6/91, 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 the
relationships of fertilizer input to yield of fish--primarily tilapia--and shrimp under
standardized 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 tilapia
monoculture 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 tilapia
ponds will examine the effects of pond size, stockin g density, nutrient balancing,
polyculture, supplemental feeding, circulation, and aeration. Additionally, a bioassay
system 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 ir Thailand during the Fifth Work Plan.

Verification of CRSP Results
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THAILAND STUDY 1:  EFFECTS OF DENSITY AND FERTILIZATION
ON TILAPIA REPRODUCTION

Objective: To increase our understanding of how stocking density and resource availability
affect 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 facilities: Bangsai, Sixteen 220 m? ponds, 1 m deep (at stadia).

Culture period: Twenty weeks.

Fish stocking rate: O. niloticus fingerlings (both sexes). Eight ponds at 1 fish/m2 and
eight ponds at 3.14 fish/m2.

Nutrient inputs: Eight ponds at 50 kg chicken manure/ha/wk and eight at 250 kg chicken
manure/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,
- NO,-N, NO;-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 of
maturation, 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 organic
carbon in fertilized ponds. This understanding could lead to improved fertilization
guidelines which more efficiently utilize manure and minimize low oXxygen 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).

Culture period: Five months.
Fish stocking rate: Sex-reversed O. niloticus fingerlings at 2 fish/m2.

Nutrient inputs: Chicken manure will be added at five levels: 25 kg/a/wk; 50 kg/ha/wk;
100 kg/ha/wk; 200 kg/ha/wk; and 400 kg/ha/wk. The manure will be supplemented with
urea 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.

Sarnpling schedule: Standard protocols except as noted.
Physical parameters:
- Intensive measurements: every 2 wks.
Chemical parameters:
- Intensive measurements: every 2 wks.
- NOy-N, NOs-N, and soluble reactive phcsphorus: every 2 wks.
Biological parameters:
- Intensive measurements: every 2 wks.

Null Hypotheses:
1. Fish yield will be the same regardless of the loadin g 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 refine
hypotheses regarding pond dynamics in these systems.

Significance: Development of polyculture systems appropriate to local conditions could
lead to substantially increased yields.

Experimental design: Randomized block, three treatments. Four replicates.
- Clarias in cages in ponds, tilapia at large in the pond, supplemental feed given to the
Clarias only.
- Clarias and tilapia at large in ponds with supplemental feed for the Clarias only.
- Clarias and tilapia at large in fertilized ponds without any supplemental feed.

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

Culture period: Five months.

Fish stocking rate: Sex-reversed O. niloticus fingerlings at 2 fish/m2. Clarias
macrocephalus fingerlings will be stocked in cages at 25 fish/m3 and 50 fish/m3. In each
pond with cages, two cages will be stocked at the high density and two cages at the low
density.

Nutrient inputs: In the fertilized ponds, 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. A commercial Clarias feed will be used as the supplemental feed. The
feeding 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.
- NO,-N, NO;-N, and soluble reactive phosphorus: every 2 wks.
Biological parameters:
- Intensive measurements: every 2 wks.

Null Hypotheses:
1. Cultre of tilapia and Clarias together 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 associated
with processes linking manure and the cycling of nitrogen and phosphorus.

Significance: This study will lead to greater understanding of the requirement for nitrogen
in 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, 1 m deep (at stadia).

Culture period: Five months.
Fish stocking rate: Sex-reversed O. niloticus fingerlings at 2 fish/m2.

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 35
kg/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.

- NO,-N, NO3-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, 8/91.
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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 in
pond depth, fish numbers, and nutrient inputs observed in a dry season experiment will
occur during the rainy season. To determine the effects of circulation within deep ponds on
fish yield, water quality, and system efficiency during the wet season.

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

Experimental design: Five treatments (0.9 m deep without fish: 0.9 m with fish; 1.6 m
without 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 O. niloticus fingerlings at 2.56 fish/m3 (equivalent to 2
fish/m2 in the 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/m3/wk
supplemented with urea and triple super phosphate to bring total nitrogen input to 4.5
g/m3/wk and total phosphorus input to 0.90 g/m3/wk. These rates are equivalent to 250
kg/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.
- NO,-N, NO;-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, and 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.
Significance: 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.

. TESSSLipsIuEe MM 4VTWIOUM UL GHUKLUO LIIECLLUED dL £.00 LISIYINY (equivalent to 2
fish/m2 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/m3/wk
supplemented with urea and triple superphosphate to bring total nitrogen input to 4.5
g/m3/wk and total phosphorus input to 0.90 g/m3/wk. These rates are equivalent to 250
kg/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.
- NO»-N, NO;-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.

Qcnequie: pata collection, 1/90 - 6/90; technical report 9/90.

32



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 that

could be used by farmers to improve utilization efficiencies of nutrient inputs resulting in
higher fish yields.

Experimental design: Five incremental levels of nitrogen and five levels of phosphorus will
be added to water samples from 10 ponds fertilized 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 O. niloticus fingerlings at 2 fish/m?2.

Nutrient inputs: All ponds to be fertilized with chicken manure at 100 kg/ha/wk with
sufficient urea added for a total nitrogen inpu: of 0.6 g/m?/day. Total phosphorus input
will 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 secpage losses weekly.

Sampling schedule: Standard protocols except as noted.
Physical parameters:
- Intensive measurements: every 2 wks.
Chemical parameters:
- Intensive measurements: every 2 wks.
- NO,-N, NO;-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 and
phosphorus to water samples from each pond. After 3 days of incubation at
ambient temperature and light, compare algal growth visually and with a turbidity
meter. Turbidity will be correlated with chlorophyll a concentrations to provide
estimates of algal productivity.

Null Hypotheses:

1. Daily bioassay results will not correlate with temporal changes in nutrient limitation.
. Fish yields and primary productivities will not be affected by different N:P input ratios.

Statistical methods: ANC 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 design: 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 (1 m deep at stadia, 394 m2/pond).

Culture period: Five months.
Fish stocking rate: Sex-reversed O. niloticus fingerlings at 2 fish/m?2.

Nutrient inputs: Fertilization rate of 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/a/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.

- NO,-N, NOs-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

Objective: To determine the relationships of pond size to fish yield, management practices,
and system efficiency.
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Pond facilities: AIT; three 200 m2 ponds; three 394 m?2 ponds selected from CRSP ponds
11-20; three 800 m? ponds and three 1600 m2 ponds. All ponds 1 m deep (at stadia). The
three 394 m2 ponds also will be used as the unaerated treatment in Study 10.

Culture period: Five months.
 Fish stocking rate: Sex-reversed O. niloticus fingerlings at 2 fish/m2.

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.
- NO,-N, NO;-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 §/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 O. 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.
- NO»-N, NOs-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, these
results 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 scheme
based on previous studies which were conducted at research stations. The on-farm results
will 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 O. niloticus fingerlings at 2 fish/m?2.
Nutrient inputs: Recommended rate from earlier CRSP studies.

Water management: Standard farm practice.

Sampling schedule:
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 methods: 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 research
efforts because the field experiments are conducted at several geographic locations using
standardized 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 single
computerized database. The database is one of the important products of the CRSP as it is
a 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 of
analysis is carried out by the principal investigators and field researchers responsible for
each of the field experiments. The second level of analysis is carried out by the Data
Analysis and Synthesis Team (DAST). At the second level, data from the various sites are
analyzed for ecological relationships and global trends by statistical analysis. Computer
models are developed and calibrated using CRSP data. The results from the statistical
analyses and models may be used for the development of management practices, to identify
possible 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.

Study Title

1989 1990

1991

Sep Oct Nov Dec_Jan Feb Mar Apr May Jun Jui Aug Sep Oct NovDec Jan Feb Mar Apr May Jun Jul Aug

Study 1. Data Analysis
- Influence of Climate on Growth and Yield
- Fish Growth and Density
- Anabolism and Catabolism Coefficients
- Fish Growth, Environment and Nutrients
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Study 2. Ecosystem Model
- Initial repont
- Subsequent reports
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Study 3. Dissolved Oxygen Model
- Phytoplankton Condition

LA R ELE RS PSSR S P Ty

- Dissolved Oxygen Management, initial report AR e bt el
- Subsequent reports e *x
Study 4. Fertilization Guidelines
- Functional Classification: of Ponds FERRREEEEREEE LA RRS
- Quantitative Relationships of Fish Yield FEXRERIRERRERES
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- Fertilization Manual, first edition
- Verification of Manual Guidelines
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DASTSTUDY 1: DATA ANALYSIS

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

Objectives:

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, correlation
analyses, logistic analyses, and principle component analysis. Mainframe statistical
packages such as SAS and MIDAS will be used in addition to statistical packages on
microcomputers. The primary source of data for these analyses will be data collected
during the first three work plans although data from the Fourth Work Plan will be included
as they become available.

Schedule for Completion of Analvses:

- 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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DASTSTULY 2: ECOSYSTEM MODEL

An ecosystem model has been developed and tested against data collected during the first
three work plans. The model is used to simulate state variables (dissolved oxygen,
ammonia, nitrate, nitrite, inorganic phosphorus, phytoplankton, fish, etc.) over a diel
cycle. Data available for testing the model have been limited due to the frequency of
observations 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 testin g; and
3. To develop pond management guidelines based on model results.

Methods: Results from the existing model will be compared to data collected during the
Fourth 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 will
be used as an indicator of areas requirin g additional research. The model will also be used
to test pond response to hypothetical situations and investigate possible management
actions. Results of these simulations will be translated into hypotheses for possible field
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LWL plact UVCL LS. LIC HTSEIEPOIT Of this 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 an
indicator of phytoplankton condition. In current CRSP dissolved oxygen models, the
response of phytoplankton to nutrient concentrations, light intensity and temperature are
based on production functions developed from limnological studies. The CRSP models
have served to identify errors in some of the assumptions behind these production
functions. 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 oxygen
concentrations. Night measurements of dissolved oxygen will be used to obtain estimates
of whole pond respiration. Using measurements of light intensity, chlorophyll @, and
estimated phytoplankton growth rates, an efficiency value will be calculated that describes
the 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 manageinent actions such as water level control and fertilization. These
simulations 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, From a representative 10% cm
Individual subsample of the grab sample,

determine total length of each

individual and express as mean

length per individual.
Fish/Shrimp Fish and shrimp stocks will be kg and #
Production weighed as a group and counted at

stocking and harvest. Tilapia will be

sexed individually. Compute gross

and net production.
Fish/Shrimp Weight, At 30-day intervals throughout each kg/#, individual
Group 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.
Fish/Shrimp Weight,  From a representative 10% g
Individual subsample of the grab sample,

determine weight of each individual
and express as weight per individual.
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SUMMARY OF ACCEPTED ANALYTICAL METHODS

Parameter Procedure Instrumentation Analytical Method Reporting Unit
Chlorophyll a Collect one sample per pond by Acetone extraction and mg/m3
(corrected and pooling three 90 cm column samples. Spectrophotometric
uncorrected) Take samples with diel studies. Determination, from

"Standard Methods"
(APHA et al., 1985)
Dark Bottle Respiration - see Respiration, Dark Bottle
Depth, Pond Install staff gauge in each pondand  No type specified. m
read to nearest 0.5 cm at same time :
each day, before restoring to
specified depth.
Dissolved Oxygen - see Oxygen, Dissolved
Evaporation and Surface Inflow/Outflow and mm/d
Inflow Evaporation should be determined (evaporation);
using procedures described in m3/d

Feed Composition

Appendix F of CRSP Work Plan I1I,
1985, (Wood, J.W. 1974. Diseases
of Pacific Salmon: Their Prevention
and Treatment. pp 71-77) or
comparable approaches.

See Analytical Methods Report

(infiltration)

various
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SUMMARY OF ACCEPTED ANALYTICAL METHODS

Parameter Procedure Instrumentation Analytical Method Reporting Unit
Air Temperature - see Temperature, Air
Alkalinity Near center of each pond, take Hach Digital Titrator  Low or Standard Alkalinity mg CaCO3/L
readings at 25 cm below the water Test Kit/Alkalinity method (as appropriate)
surface, midwater and 25 cm above (optional). (from "Standard Methods,"
the bottom. Keep samples cool in APHA et al., 1985), or
refrigeration unit or ice chest, and Hach Test Kit
analyze within 24 hours.
Ammonia Collect one sample (by pooling three  Kontes or comparable  Nesslerization Method mg/L
90 cm column samples) from each Kjeldahl nitrogen (Michigan State University
pond. Samples should be apparatus. See Limnological Research
refrigerated and analyzed within 24 Nitrogen, Kjeldahl Laboratory, 1984),
hours. Apparatus
Benthos Collect at least three cores of mud per various
Composition pond. Process sampies 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.

Chemical Oxygen Demand - see Oxygen, Chemical Demand.




DASTSTUDY 4:  FERTILIZATION GUIDELINES

One of the goals of the CRSP is to translate research findings into guidelines for managing
aquaculture ponds under different environmental and production regimes. Consistent with
this goal, the CRSP intends to prepare a manual of pond fertilization for optimizing yields
and increasing the reliability and efficiency of pond systems. This manual will be prepared
in two forms: a printed handbook and a computer application. The manual will address
three audiences: aquacultural producers, development planners, and aquaculture scientists.
The manual will contain an ecological classification of ponds, functional relationships
between ecological variables and fertilization practices, and recommended fertilization
practices for each classification.

Objectives:

1. To complete the development of a functional system for classifying ponds according
to ecological variables and fertilization practices that have the highest probability of
improving fish yields;

2. Todevelop quantitative relationships that describe the appropriate levels and
frequencies 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); and

5. To verify the guidelines contained in the manual.

Methods: Pond environments will be ordered into a hierarchical classification according to
fertilization practices corresponding to each combination of climate and chemical and
physical characteristics of the source water and pond soils. Quantitative relationships from
DAST 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 completed
in 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 Apple
Macintosh personal computers.

Based on the completed expert system, an initial version of a manual for pond fertilization
will be compiled. The first version of the manual will then be verified using field data
collected 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 - §/90
- Verification complete - 8/91
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SUMMARY OF ACCEPTED ANALYTICAL METHODS

Parameter Procedure Instrumentation Analytical Method Reporting Unit
Flow, Water See Evaporation and Inflow
Morphometric At project initiation and whenever m, m2, m3,
Characteristics: pond facilities are altered, prepare (as appropriate)
Maximum Length, contour maps of ponds at 10 cm
Maximum Width, intervals. Note inflow and outflow
Area, Depth, locations.
Volume
Nitrogen For each pond, pool three 90 cm Kontes or comparable Semi-Micro-Kjeldahl Method mg/L
Total Kjeldahl column samples. Composite samples Kjeldahl Nitrogen (Michigan State University
should be refrigerated and analyzed  apparatus Limnological Research
within 24 hours. Laboratory, 1984)
Oxygen, Chemical Please refer to the appendices from
Demand Work Plans III & IV, attached.
(methods from: "Standard Methods for
the Examination of Water and
Wastewater,” APHA et al., 1985).
Oxygen, Dissolved Near center of each pond at 25 cm Yellow Springs Winkler or Iodometric mg/L
below water surface, mid-water and  Instrument Model 57 method (from "Standard
25 cm above the bottom. Take Dissolved Oxygen Methods," APHA et al., 1985)

Meter. Calibrate meter
each time using the
Winkler Method or
HACH Digital Titrator
Kit/Dissolved Oxygen.

readings as part of diel study at seven
different times beginning with
pre-dawn.




8V

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 "Standard
analyzed within 24 hours. Methods" (APHA et al., 1985)
Phytoplankton Monthly and when changes in the various

Composition

Primary Productivity

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.

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

Pond Depth - see Depth, Pond
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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 Install three rain gauges at study site; No type specified. cm/d
read and empty at 24-hour intervals, Recommended gauge
or more frequently to prevent gauge  from Grassroot Co.,
overflow; report average of three Wisconsin.
readings.
Respiration, Collect one sample (by pooling three Oxygen method, adapted mg C/m3/d
Dark Bottle 90 cm column samples) from each from "Standard Methods"
pond. Incubate for four hours hours (APHA et al., 1985).
Or as appropriate to prevent oxygen
depletion, in dark bottles suspended
at mid-depth in ponds.
Salinity Near center of each pond, collect a Use a temperature- ppt

500-ml sample at 25 cm below the
water surface, mid-water, and 25 cm
above the bottom. Mix the samples
and analyze.

Secchi Disk Visibility - See Visibility, Secchi Disk

compensated
refractometer or a
salinity meter.
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SUMMARY OF ACCEPTED ANALYTICAL METHODS

Parameter Procedure Instrumentation Analytical Method Reporting Unit
Seepage Determine seepage from a 24-hour cm/d
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.
Soil, Characteristics: At the end of an experiment and As appropriate
pH, Phosphorus, before beginning another, collect
Organic Matter, Total  twelve 15 cm core samples from each
Nitrogen, Cation pond, combine and dry as described
Exchange Capacity, in Appendix D of Work Plan III
Metals (Aluminum, (attached). Take a subsample for
Iron, Zinc ) , Lime each pond and analyze using a
Requirement, qualified local or U.S. laboratory.
Exchangeable H, Base
Saturation
Solar Radiation Install Solar Monitor and Quantum E/m2
Sensor and read the cummulative E/m2/d
radiation each day and at end of
each time interval during diel study.
Solids, Total See Appendices In: "Standard Methods" mg/L

Suspended

(APHA et al., 1985)
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SUMMARY OF ACCEPTED ANALYTICAL METHODS

Parameter Procedure Instrumentation Analytical Method Reporting Unit
Solids, Volatile See Appendices In: "Standard Methods" mg/L
Suspended (APHA et al., 1985)

Temperature, Air Install three maximum-minimum Maximum-minimum Max C; Min'C
thermometers in the shade near thermometer
ponds; read at 24-hour intervals and comparable to Taylor
report average maximum and average Model 5460.
minimum.
Temperature, Water Near center of each pond, take YSI Model 57 °c

readings at 25 cm below the water Dissolved Oxygen
surface, midwater, and 25 cm above  Meter with

the bottom. Take readings as part of Temperature

diel study at 7 different times. If Indicator.

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
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SUMMARY OF ACCEPTED ANALYTICAL METHODS

Parameter Procedure Instrumentation Analytical Method Reporting Unit
Wind Speed Install totalizing anemometer, read at Totalizing anemometer km/h
24 hour intervals (between 0800 and comparable to
0900 hours), and calculate average WEATHERTtronics
hourly wind speed. Model 2510. The
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, cm
calculate Secchi Disk Visibility using
procedure described by Lind (1974).
Zooplankton Monthly and when changes in the No./m3
Composition 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 unit volume.




APPENDICES

Appendix D from Work Plan IIT

Appendix F from Work Plan IIT
Appendix from Work Plan IV
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APPENDIX D from Work Plan Il

PROCEDURE FOR POND SOIL SAMPLING AND ANALYSIS

D-1



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 (ir 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 (NO3-N) and Ammonium Nitrogen (NH,-N)
Cation Exchange Capacity

Soluble Salts

Heavy Metals (Zn, Mn and Cu)

Sulfate-Sulfur (50,4-S)

SMP Lime Requirment

Free CaCO3 or CaC0j Equivalent1

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; will be detected
and this analysis is unnecessary.
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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 ~i¢ 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 preseuted 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 . . . . « v v & o o v « . . F-6
TOTALIZING ANEMOMETER . . . . . . . . v v v v v v v v .. . F-7
pH METER WITH COMBINATION ELECTRODE . . . « « .+ o . . . . . F-8
DISSOLVED OXYGEN METER WITH TEMPERATURE INDICATOR . . F-9
MAXTMUM-MINIMUM THERMOMETER (AIR TEMPERATURE) . . . . . . F-10
TOTAL KJELDAHL NITROGEN APPARATUS . . . . . . « v « . . . F-11
DIGITAL TITRATOR TEST KIT/DISSOLVED OXYGEN . . . . . . . . F-14
DIGITAL TITRATOR TEST KIT/ALKALINITY . . . . . . . . . . . F-15
DIGITAL TITRATOR TEST KIT/TOTAL HARDNESS . . . . . . . . F-16

PROCEDURES
POND MAPPING . . . . . & v v v v v v e e e e e e e o, F-17
DETERMINING SECCHI DISK VISIBILITY . . . . « o « o o o . . F-23

GLASSWARE WASHING . . . . . . . . . . . . v v v v v v ... F-24
MEASURING HYDROLOGIC CHARACTERISTICS . . . . . . . . . . . F-26

ANALYTICAL METHODS

DISSOLVED OXYGEN . . . . . v . v v v v v v v v v .. F-33
ALKALINITY . . . o v 0 b vt e e e e e e e e e o F-45
HARDNESS . . . . . . . . . . . . v v v v v v v v v w... F-50
SAMPLE PRESERVATION, NITROGEN FORMS . . . . . . . . .. . . F-56
AMMONIA NITROGEN . . . . . . . . v v v v v ' .. . . . F-58
TOTAL KJELDAHL NITROGEN . F-63

NITRATE-NITRITE NITROGEN . . . . . . . « v + + « « . . . . F-68

CHLOROPHYLL a, b, ¢ . . . v v v v v v v v v e o v v . F-74
PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE) . . . . . . . -79
PRIMARY PRODUCTIVITY (LIGHT-DARK BOTTLE METHOD) . . . . . . F-89
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INSTRUMENT

SOLAR MONITOR WITH QUANTUM SENSOR

UNIT OF MEASURE

2 1

Em© day”

LI-COR

SUGGESTED SUPPLIER

4421 Superior Street/P.0. Box 4425

Lincoln, Nebraska 68504 (402) 467-3576

monitor:
sensor:

COST (MAY 1984)

$750
$260

DESCRIPTIVE INFORMATION
Solar monitor model LI-1776

Solar Monitor

Microprocessor Conirolied
Integrator/Meter

® Integrated and instantaneous
measuremenis

* Memory storage of iniegrated
values for unaltended monioaring

® Quecl readout In engineering units

e Compatible with all LI-COR sensors
{wun Caxonneciors)

® Module tor mV signal sensors

* Weatherprool enciosure o+
environmental monitoring*

* Cassetie tape or RS-232C output®

® Analog output of instanianecus
values

Totalized Measurements

The LI-1776 Solar Monuor averages the
eNecis due 10 changing atmospherc con-
dions, solas elevaton, eic Meicr read-
ngs. pOINt measurements and stno chan
plots are dithcult Lo interprel in suCn situa.
bons Inslead of an erratic stnp chart plot
ihe LI-1776 displays an mnlegratcd value
Drvicing this lotal by the integraton hme
provides the average vaiue

Typical Applications

When used with Ihe LI-2005SB Pyranom.
eter. the LI-1776 provades a sophisicated
system {or solar enerqy assessment and
sile evaluation periormarce evaluation
meteorological studies and wngahon
scheduling. For vanous apphcahons in
plant science, ¢ Quanium sensor can be
used 10 measure photosynihelcally ac-
Iive radhation (PAR). A photometnc sensor
'3 used lor iluminance measurements

oA

COMPUTER COMPATABILITY

Expandea oalalogging capabilsty 15
provided with any one of these vananons
ot the LI-1776 Solar Monitcr
LI-t776/02A. LI-1776702M o1
LI1776/Q7

© Nine user-seleciabie integration periods
175 13 JOmewses t 2 4 8 12 and 20 rowy)

* Reai lime CPeration it » 7 5 mauie misrvaisl

» Compatible wilh sny RS-232C pertpheral
ICOMOutes emangl MOOR ™ Dhrvwer §% |

Data 1s transierred n 7 Dt plus parily
ASCII characters through the LI-1776
Quiput For either the LI-1776/02A or
LI-1776/02M . the 1600-05 Cassene Tape
Reader and a tape recorder are needed 10
translier data to a computer sysiemn

LI-1776/02A

Inlegrated data that 18 stored in Ine mem-
ory can be transferred duectly onlo cas-
seite tape Data rs transterred automal-
ically at the end o! each wilegiation
penod This s especialty usatul for long-
term monitonng. where up 10 300 nlegra-
hon values can be recorded on one $0a of
a 60 munute tape withoul user attent:on

LI-$776/02M

With ine LI-1776/02M. the user vuhales
the ranster ol data onto casselie tape Al
of ihe values 1 memory are tranglerred
onto lape each ime a lranster s inmated

L1-1776/07

Through the use ol a standard RS-232C
senal intertace, the LE-1776/07 can de
connecleu directly 10 3 letminal com.
puler or modem for data ransler The
LI-1776/07 can lunction as either ihe
DCE (Data Communxcation Equipment)
ofr the OTE (Data Terminai EQuipmeni)
The laciory-set Baud rate 1s 300 {600 or
1200 optonal)

1600-0% Cassette Tape Reader

inlegrateg dala slored n the memory ¢l
an LI-3776:02A of LI-1776/02M can be
stored on casscite tape using ihe 1600-04
Cassellc Tape Recorder Barery kie has
been increased by internal modiicatiuns
10 Allow exlennag operation n ihe Lok

The 1600-05 Cassette Tape Reader s
used 10 ntertace the tape-rerncded 0ala
10 @ computer system {sce page 6) The
1600-05 1 compatibke wilth any compuler
system (hat uiizes the EIA (Electronc
insitule of America) RS-232C wierface
Tape recorded dala can 3so De wnter-
laced using edher a Campbeit Scientiic o
Omnigata Internahonal rassetie tape
reades

1776-06 Wealherproo! Case

For fieid operahon 1his hbergiass casc
provedes a weatherproot enctosure (ot Ihe
LI-1776 ana o castetle 1ape recorder
toptonai} Inchaded wah the 17760615 a
12 volt baltery pack and external bafery
leads

Batiery L 2 months 3125 C Sue 299
v208> '80cm rep (118 282
71 Wimgnt 8 Ra (106 1hs)
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SOLAR MONITOR WITH QUANTUM SENSOR (continued)

Quantum sensor model LI-190SB

Measure Photosynthetically Active Radi-
ation (PAR): 400 to 700 nm 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-
ber of photons in the 400 to 700 nmr
waveband incident per unit time on a unit
surface.

19080 Y v s

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 artiticial light condi-
tions because of the computer-tailored
spectral response of the LI-190SB. This
sensor. which has been developed from

earlier work (1), was pioneered by
LI-COR and has become a standard for
PPFD measurement in most photosyn- o
thesis related studies.

The LI-190SB is also used in cceanog-
raphy, limnology, and marine science as
a reference sensor for comparison to
underwaler PPFD measured by the
LI-192SB Underwater Quantum Sensor.

PERCENT RELATIVE RESPONSE
1y

“Units currenlly in use are einstens, moles, photons
andquanta (6.9, 14) 1 uE s' m2 w
1umol s’ m2 = 602:10'7 photons 5! in? =
502:10%7 quantas ' m-2

wr
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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.0. Box 80549 (800) 241-6401 $345
Atlanta(Chamblee), GA 30366

NFEQCRIPTIVE IMENOLAATINAL

Instantaneous TAYLOR Wind Speed and Direction Indicator

A N

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 62 wide x 5° high.
Furnished with 60 ft. of lead-in wire and instructions.

No. 110930 Shipping Weight91b. ... ... . .. ..  $345.00

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




INSTRUMENT

TOTALIZING ANEMOMETER

UNIT OF MEASURE
km/elapsed time
calculate km/hr

SUGGESTED SUPPLIER

WEATHERtronics

A Division of Qualimetrics, Inc.
P.0. Box 41039

Sacramento, CA 95841

(916)

COST (MAY 1984)

481-7750 $370

DESCRIPTIVE INFORMATION

Model 2511 Totalizing Anemometer

Model 2810

:_._,;*,:4;‘.’;..,'_: 3~cup anemometer
et Se T N L 4™ dismeter
te....Brass
24 & Conical and beaded

fea ¥ Six digit-mechanical
s+ ... Reed switen
... -. 0.4A 224 VOC

Specifications: ————

o TR ARy i resistive loadt
F * Resalution (counter & contact) ... ... 0.1 mileor
Rt eI 0.1 kilometer
Cup constant . 9T rev./mi. (570 rev./km)
Threshold S ~. 1-2mph
Body...lno oLl . Cast aluminum
‘Flange .. ...... Four 3/8'" dia. predrilled holes
Max, speed . 100 mph (160 km/hr)
Sae .......... 12" dia. x 16 * H (305 x 400 mm)

| Weisht/shipping .- c..o ... 51bs./9 Ibs.
- O S LI (2.3kg./4kg.)

Features:

6-digit mechanical counter
Electrical contact output
Metric or English models
Predrilled mounting base

Instrument Description:

The Model 2510 totalizing anemometer s equipped
with 3 counter to provide a simple, yet precise, method
of determining average wind speed and total air
Passage. Annternal gear train converts Cup rotation to
counter input (937 revolutions per mile). Average wind
speed can be calculated from the difference between
juccessive counter readings divided by the time
intervai between readings The 6-digit counter is not
manually resettable. The anemometer can typically
accutnulate wind run for a year or longer {up to 99,999 9
miies or kilometers) before automatically resetting to
rero

The 2510 also provides an electrical contact output,
by means of 4 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 2 remote digital counter (These instruments are
described in detail un pages 160-162 and 166.} Two-
conuuctor cable makes the necessary connections

The +inch-tiameter brass cups have a threshe !d of

" dpprowtmately 1 mph The cups are beaded and are

attacked to the hub by sturdy arms Turning radius 15 6
inchey Self-lubricating stainiess steel bearings support
the anemometer shaft

The flanged base uf the instrument 13 predrilled,
permitting mounting on a wooden, metal, or concrete
SuopUrt In an evaporation station the anemometer 1s
typicaily mounted on the platform supporting the
evaporation pan A mast adapter i1s available for
mouni:ng to a 1%-inch O.D pipe

Ordering Information:

Madel .

110 Totaliong Anememeter with b digrt Counter registering each
G 1 mie ot wird, switch closure 'or remote recording
wncluded

BN Tetaliong Anemometer with b digit counter registening each
1 kilometer of wind, 1wdch clojure for remote recording
ncluded

15101 Veunting Adapter lor maunting on 1

400507 Twe-canducter, 20 AWC, Shigided Cable

QD poe
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INSTRUMENT

pH METER WITH COMBINATION ELECTRODE

pPH units

UNIT OF MEASURE

SUGGESTED SUPPLIER
Orion Research
840 Memorial Drive

‘ Cambridge, MA 02139

(800)

225-1480

COST (MAY 1984)
Model 201:
Model 211: $295
Model 221: $395
Ross Electr:$175

$285

DESCRIPTIVE INFORMATION
200 Series pH meters

i.2 plirange/resclatioa
temperature compensation

Tre n 0 RemeppaR anmes e .
Bhe A duaplay

battery complement

temperciure rungt
l P 3 ‘-’:’ ‘,‘"olnod “lohl

line udaptor
et e e

All models i1n the ORION 200 Series come
in a loam-lined carrying case supplied
with everything you need to make mea
surements in the hield or lab: rinse water
and buller containers. an elecirode sup-

Model 201 includes everything you need
to make routine pH measurements, espe-
cially outside the laboratory. This meter

Model 211 has leatures usually associated
with more expensive meters - readabulity to
0.0l pH. slope adjustment and recorder

Model 221 measures pH 10 0.0] and'temp-
erature inside or outside the laboratory.
The meter 1s supplied with a precision
temperature probe so you can measure
sample tempurature accurately. Atthe lab

port attachmenl, an unbreakable elec
trod= that never necds rehlling; and, a
line adaptor for meter use without battery
drainaqe.

reads over the entire pH ranqge in 0.05 in.
crements and displays resulls 1n large,
high intensity LEDs.

outpul. And a large LCD display makes the
instrument ideal for reading in sunlight.

bench Model 221 becomes an economical
method for measuring biochemical oxy-
gen demand when used with the ORION
97.08 dissolved oxygen electrode.

Pl CANYY bartery e

..1419:‘5

N e oatpet

PR TIR I (TR TR 1T, SRR R

Model 201

0 1drs 0,028 I EME TS | G247 20,000, 35NUCE:

manual, Ote 100°C
2.5 mm hgh'LED TV B4
six size AA } 5 volt bnllcnn

‘aame . hey  ae

:6bo lon -ocon-d -ounnuoowu&u

w‘\.
onwm\ Il
11501230 V AC, = 20%, S0/60 H:

BT S R

oo anie S

Ross Model 81-55 combination electrode

81.55/81-50

Ross combination with -
epoxy body, bulb guard,

© Use for ruggeduess and
* durability in ficld pH

measurenicnts
“a

Recommended Use

s 2 100.ad

‘ pnl‘lh arewy
Drilt

0-14

Less than 0 002 pH per day

L1 T

Tmm,; """s‘A 0-100°C

o a2

Internal Relcnnce |

Dimensions

"bom“f%ﬁ

ORION Cat. No.

Ross
Glass Fiber

Length: 120 mim
Diamcter. 12 mm
Cap Dhameter. 16 mm

U.S. Standard/BNC

Model 22}

1473 0008 SRR VT

marual, 010 100°C manual, Oto 1C0°C

1 cm biob LODRNE T T T hlob LETTATR PSS

31z size AA 1.6 volt batt one size D 9 voll batlery

3000 tea second Measires XX m‘“""‘"""""’"&,’-’?
.- -5°C10100°C, =0.1°Cor 1%

MxﬂxlSc-,O(h's"m' Hoxa L is ol 0.0 vgds DGR

11500230 V AC, =220%,50/60Hz | 11501230 V AC, = 20%, 50’60 Hx

172100 mv, st FURE TR R SRR

Model 211

Superior to conventional ectrode that is supplied with the Orion 200 series meters.

R13500/8150600

@
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INSTRUMENT . UNIT OF MEASURE
DIS%&FVED OXYGEN METER -WITH TEMPERATURE INDI- mg/1, OC
CAT

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 Modei 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/I. with accuracy to +£0.1 mg/I. A
-5” to +45°C scale indicates temperature. Membrane
coefficient and changes in water temperature are com-
pensated for automaticaily. Calibration is by the fast air
calibration technique, which can be completed in sec-
onds. Two flashlight baiteries operate the Mode! 57 for
up to 1,000 hours, and an internal rechargeable battery
pack is available to operate the submersible stirrer.
There's also a recorcer output for making permanent

records.
Corrections for ocean salinity can be made by direct-

dialing the salinity concentration, 0 to 40 PPT. to cover
the full range from fresh water to sea water. For frequent
salt water measurements the YSI 33 S-C-T Meter (salin-
ity. conductivity, temperature) is an ideal companion in-
strument for determining salinity.

These and other features provide maximum conven-
ience and reliability for on-the-spot measurements just
about anywhere under the toughest working conditions.

D.0. Field Probe with 3 Meter Cable

YS15739 Dissolved Cxygen Probe (without cable)
YS15740-10 Probe Cable -— 3 meters {10°)
Y¥S§1 5740 25 Probe Cable -~ 7 5 meters {25)
YS15740 50 Probe Cable —- 15 meters {50°)
Y$15740 100 Prgbe Cahle --- 30 5 meters {100)
¥515740 150 Prove Cable ~- 46 meters {150')
¥515740 200 Prabe Cable — 61 meters {200")

tFor longer cables. order YSI 5740-X and specily length 1o 250° Al cables 25 or

ionger suppled with storage reel )

Note:

OXYGEN MEASUREMENT
RANGES 05 0-16 and 0-20 mg | (0-25. 0-5 and 0 10 mg | with YS1 5776 High Senst-
tivity Membrane )

ACCURACY 1", lull scale at calibranion temperature or = 01 mg |, whichever 1s greater
REABABILITY 0025 ing i on 0.5 scale: 0 05 mg lon 010 scale. 0 1 mq | on 0-20 scale

TEMPERATURE MEASUREMENT
RANGE 5 10 +45 C

ACCURACY 05 €
REAQABILITY 025 C

COMPENSATION
Automanc temperature compensation accurate 10 £ 1% of 00 r2adings made withm
+5°C ol calibvation remperature. and accurate 1o 3% of 00 readings lrom -5° 1o
+45% € Manual. duect dial salunly compensanon hinm lresh water 1o sea water, 010 40
PPT accurate to 25" ol campensated reading

AMBIENT RANGE
Insteumen anil probe operaning tangess 5 1o ~45

SYSTEM RESPONSE TIME
Typical tesponse hima fur tempezature and D0 seadmgs 1s 90 i 10 seconds at constant
tempeigture ot 30 C

RECORDER DUTPUT
010 114 130mV Rucarder shonid have 504100 ohms mmsmum 1nput impedance

POWER SUPPLY

e wisposable € s carbon oy hattenes provde approvonatety 1 000 hours mstry-
ment operation Optinat intecna! 1echargrabie battery pack YS! 5721 operates the sub-
mersile shrree Isee aressunes)

DIMENSIONS
216%28295cm 19kg(B5+ 11 375 nches. 42 ibs)

BOD Bottle Probes are also available at a cost of $353 each.
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INSTRUMENT »
MAXIMUM-MINIMUM THERMOMETER (AIR TEMPERATURE)

UNIT OF MEASURE
0
C

SUGGESTED SUPPLIER
Taylor Scientific Consumer Instruments
Division of Sybron Corp.

Arden, North Carolina 28704

Glenn Bridge Road (704) 684-8111

COST (MAY 1984)

$22.98

DESCRIPTIVE INFORMATION

Model 5460 Maximum-Minimum Thermometer

Thermometer registers high and low readings
from last setting. Pushbutton reset. F° & C° scales.
8%" x 2%" . Blister carded. 4 per carton.

Weight: 6 0zs.




INSTRUMENT
KJELDAHL NITROGEN APPARATUS

UNIT OF MLASURE

mg/1

SUGGESTED SUPPLIER

Kontes
Spruce Street
Vineland, New Jersey 08360

COST (MAY 1984)

$2,081.80
See itemization

692-8500 in this section

(609)

DESCRIPTIVE INFORMATION

Total Capacny {12) Flasks

Base rotates 320° for 3
easy access of any Nask —_— %

e’

K-551000

ROTARY KJELDAHL
DIGESTION APPARATUS

Design ot this apparatus positions alt tlasks an equal distance
tfrom adjacent Iasks 1o assure uniform neat distnibution Morye
umilorm digestions are accomphished since cold-end Hasks aee
eliminated as found n o!der straight hine units The vatrs
apparatus canbe rotated J20%onthe base to allow vas, access
to every llask

K-551000

An accessory glass lume hood lits over the digestion i
paratus. allowing it Lo be used on the laboratory bench A
connection to vacuum 1s made al the base Heat generated
by the apparatus prevents condensation This accelerates
exhaustion of SO1 and SO» gases through the lowe opening

Heat control 1s maintained Dy six variable oulpul switchps
each controlling two adjacent hedtingunits For awider riv sy
of temperature selection an accessory vaniable voltage rr.ang
lormer may be used

With arcessory fume hood, unn
*~ can be used on any bench space

Fume Exhaust

S sepaidte heat switches provide
vanable control

Puveer Reurement 115 VAC 50760 He, 1320 watls
Limvernc oy 187 (430 mm )

~ortht 12°(404 mm )

Newght 25 by (11 A Ky

AcusaLsunes

851001 0025

Fume Hood, 25 mm dia holes to accept
K 551500 30 and 100 mi Hasks

Fume Hood, 30 mm dia holes 1o accept
K-551600 30 and 100 mi flasks
Replacement Adapter Rings to accom
mnodate JO mi Hasks

Variable Voltage Transtormer 115 vaq
5060 He. 20 amps (Not illustrated)

-

551001 0030

-

L S5LINT OG0

(SR SV A TR WA



http:t'vtiei.nt

F-12

KJELDAHL NITROGEN APPARATUS (Continued)

K-551100 KJELDAHL DISTILLATION APPARATUS

o Design f eatures Include
] AN
o Entrance tube lor complete transler to the distillanion Htask No chance 1o
5 " ntroduce sample into the sidearm
K 51106 e Platnum gauze assures manimum distllation rates with ngghigihle hlank
o Hopkins Condenser directly attached to distilatinn heisd Remnves POSS

%/ bility of atmospheric condensation and possible contamination

e Pressurized stmam entry 1010 sample improves distilhing eihiciency

.-;1 It' * Velocity ol ammonmia emerging lrom condenser is manimized poni o enicap
: N ' ment in a bonc acd solutinn
| e Sample can be based on the actual weight or the amuount ol tistilable am

. 9

| N monid after digestion Can be used lor ullra-MICio Marin ur sems Mcro
] an determinations
: \ I ] Assembly
| . /K 551101 Insertdigestion tube with sample inio the distillation hesd and connect steam
| l | generatoriounit withflemble tubing The steam generator consists of atwo-
: : liter flask with a stopcock vent and a 600-wati immersion heating col 1t will

n not be damaged 1l il runs dry Heal conirol can be maintained hy using an
i accessory variable vultage transformer {See X-552100) Approximate overall

{ ' ’ height s 485 mm
\, E )-f, Sec K-551600 30 mt and 100 m) or K-551 700 100 mI tiasks lor use wilh
! - - = shortentry tube H X-551700 300 m! 15 needed. use accessory long eniry
l: (- J o tube
\ v I Power Requirement 115 VAC 50/60 Hez. 600 warts
l/ '
1, Parts_ B e i
' s K-551101.0000  Disullanon Head and Condenser
e K-551104.0000 Steam Generator
K-551104 K 551106-0285  Short Entrance Tube 285 mm Telion®
Accessonies  (Notlllustrated) e -
K 551106-0335 Long Entrance Tube. JJS mm Ipllnn

To water aspiralor — used only
when distillation flashs are K-552100-0000 Vanable Voltage Trans!ormer

used 115 vac 50/60 H1. 20 amps
K-552300-0000 Lab Stand
Enu'nnco T;abo for addition of K 552400-0000 Lab Clamp {2 required)
alkah, and lor the turbulent
ntroduction of steam into ~ Replacement Parts -
solution contained in lask K-551104.0001 Steam Generator Flask 2-liter
K-551104.0002 Steam Generator Immersion Heater 600 watt

J.way stopcock lor entrance of
sleam. and washing out distillation
flask

\
Plauinum gaure
/ {'knocks out” tikah aerosch

Disuitlation Head
and Hophins-type
Condenser.

Perlorations 1o increase
velocily and furbulence
of entering smmonia

/ N
; S Vent plug and funnel

tor biling Hasks

Steam veni
Oistillanion Flask

750-wat
vanable:
voltage
uansformer

Stesm Generator
1700 m! capacity




Quantity
1

)

1*

12*

KJELDAHL NITROGEN APPARATUS (Continued)

K-551600 KJELDAHL DIGESTION/DISTILLATION
FLASK

Dualpurpose flask which caan be asedinioth the K 551000 Rotary Digestiun

Apparatus and K-551100 Distllianien Apparatus § 24740 jount allows con

nection to the distltanian assembly fullowing the digestinn puocess thys

$aving a transier

Flask design inciudes an vxpansion bulh as a guard against bumping and
loaming during digesiton Also alinws a mare vigorous intraduction of steam
during distiltation

Overal
K-551600 Cﬂq_&l!,__r!\!__ ~ Height. mm
30 210
100 210
Catalog No. Description Price
K551000-0000 Digestion apparatus, Kjeldahl,
rotary, 12-place, 115 V, 50/60 Hz,
1325 Watts $1,249.30
K551001-0030 Fume hood 138.80
K551100-0000 Distillation apparatus, Kjeldahl 529.30
K551600-0100 Flask, Kjeldahl, 100 m1, @ 13.70 164.40

Total $2,087.80

* Number of flasks and distillation apparatus needed is dependent on number of
samples to be collected and manpower available to clean glassware, etc.
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INSTRUMENT UNIT OF MEASURE
DIGITAL TITRATOR TEST KIT/DISSOLVED OXYGEN mg/1
SUGGESTED SUPPLIER COST (MAY 1984)

HACH Company
P.0. Box 389
Loveland, CO 80539 (800) 525-5940 $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 treatraent 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 cartric'ge. A glass-stoppered
sample bottle is included.

Range: 0-10 mg/L as DO

Smallest increment: 0.01 mg/L
‘Sampie: 300 mL

‘Analysis Method: Titrimetric
Number of Tests: 50 (average,
Case: 41 x 20 x 18cm (16 x B x 77)
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.

o-
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INSTRUMENT

UNIT OF MEASURE

DIGITAL TITRATOR TEST KIT/ALKALINITY mg/1

SUGGESTED SUPPLIER COST (MAY 1984)

HACH Company
P.0. Box 389
Loveland, CO 80539 (800) 525-5940 $110

DESCRIPTIVE

INFORMATION

High and Low Range
Model AL-DT with Digital Titrator

Note:

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,

Smailest Increment: 0.1 and 1 mg/L

Sampie: 100 mL

Analysis Method: Titrimetric

Number of Tests: 200 (average) (100 phenol-
phthaiein and 100 total)

Case:23 x 18 x 13cm (9 x 7 x 57)

Shipping Weight: 2.3 kg (5 Ib)

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

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/1
SUGGESTED SUPPLIER
HACH Company COST (MAY 1984)
P.0. 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 Pcwder Pillows; the color change is from

red to blue. Repeat the same titration using Cal-

Ver® 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 CaCO,

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:23x 18 x13cm (9 x 7 x 57)

Shipping Weight: 2.3 kg (5 Ib)

Note: If digital titrator is purchased for total hardness determinations,
investigators need only purchase appropriate HACH reagents and titration

cartridges to de@ermine levels of 18 other parameters, including dissolved
oxygen and alkalinity.




PHYSICAL
ciartirone LIMNOLOGY

MAPPING
Mapping a pond or small lake by plane table method

The mapping of lakes is usually beyond the capability
of the limnologist, and he must rely on maps made by
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 1 winter on sound 1ce 1s preferable. VWelch
(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-Icol steel measuring tape

2 steel stakes, approximately 2 feet long

6 HANDBOOM OF COMMON METHODS IN LIMNOLOGY

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 long

Metal-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 straight section of fake-
shore for establishing a base line.

2. Drive steel stake ncar shore for one end of base
line. 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 saine distance
from shore as the first. Make the base line as long as
possible (Fig. 1).

3. Drive a wooden stake at waler’'s edge at every
major change in shoreline configuration. Maximum dis-
tance between any lwo wooden stakes should probably
not exceed 50 ieet. Drive wooden stakes just deep
enough to stay in place for mapping. Steel stakes on
base line are permanent and should be driven so only
410 6 inches protrude. Tie a cloth “flag” to top of every
fifth stake to facilitate counting.

4. Attach map paper to plane table. Set up tripod
directly over one metal stake at end ci base line, and
plumb table center to the stake. Level table and align
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 linc, and
determine appropriate scale. Record scale cn 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
lirmly setting map pin in table. The pin must not move.
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PHYSICAL LIMNOLOGY 7
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FIC. 1. Plane table map (top) showing position of a numbered
shoreline stake and the base line. Distances for three shoreline
points 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 HANDBOON F COMMON AMETHODS IN LIMNOLOGY

FIG. 2. Student using an open-sight alidade and a plane tabic
1o map a small pond. A compass is used to ascertain north
vrientation ot the map. The edge of the alidade at the end
nearest the student s always placed agamnst a map pin trmh

set in the table. This pin is the map position corresponding
10 the base line 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 to
line up with stadia rod (Fig. 2). Draw base line on
map along edge of alidade for the appropriate length
as 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 just behind stake). and draw line along
edge of alidade. Number each line consecutively. The

(panuL3juod) 9NIddYW ANOd
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PEHYSICAL LIMNOTOGY 9

iith hine and every multiple of 5 should be sighted on a
stake with flag. Any deviation indicates a missed stake.
Aiter each flagged wooden stake has been sighted and
the line drawn, resight on other end of base line. Ii
this 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 lable 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 lines
intersect is the position of each wooden stake marking
the shoreline. Connect these points with a smooth line.
By doing this inthe field, vou are able to include minor
changes in shoreline. Also indicate position 0! obvious
teatures in the water dogs, weed beds, and others

LE1as more difficult 1o Map botlum contaurs 1or
the purpuse of morphometnic calculations. The problem
15 the accurate ploting on the map ot the pPostlion ol
the sounding team. On smaller ponds. mapping bottom
contours may be done as follows: starting at one end
of the pond, stretch the calibrated rove between any
two known wooden stake locations. Represent this by
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 amount
of change in bottom contours). With the use of the
scale, a point is placed at the proper position on the
line, and the measured depth written in at that point
(Fig. 1).

12b. Analternate procedure, more suttable tor larger
bodies ot water but less precise so tar as exact posiion
on the lake s concerned, is the use of timed echo
soundings. Echo sounders are becommg tcreasingly
availlable, especially as “fish finders. " The boat's pilot
makes a hne of sight between two stakes on opposile
banks and sets the boat at a constant sfow speed. it s

10 HANDBOOK OF COMMON METHODS IN LIMNOLOGY

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
example, 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 lake
is recorded. Thus the total time for distance is known,
and time for any timed increment can be calculated.
Although this procedure is less precise, it has a com-
pensating advantage in that it allows many more sound-
ings 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 the ac-
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 be
shown (1-m intervals are often used, but intervals may
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 and
contours 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 table
method 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 following

Good quality 18- to 24-inch ruler graduated in tenths
of inches

Steel-core clothesline rope, ot sufficient length 1o

(P3nuL3U0d) YNIddYW ANOJ
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PHYSICAL LIMNOLOCGY 11

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-
iable 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
ruier, measure out from base point the corresponding
distance on the line, and mark point. Thus location and
distance ot first stake have been determined.

7. Repeat step 6 for all remaining stakes.

8. Connect the points, filling in detail from observa-
hon.

9. Ifthe map party is of sutficent size, a boat sounding
team may work alongside the measuring rope, taking
soundings and distance between base point and stake.
Depths called out may be marked on map at proper dis-

tance from hase point (see following section, Morphom-
etry).

12 HANDBOOK OF COMMON METHODS IN LIMNOLOGY
MORPHOMETRY

Most limnological phenomena and productivity are
directly related to the morpt ..c gical features of the
water basin. Therefore, certain morphometric 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.

Area by polar planimeter

Whenever instrumentation is available, the polar
planimeter method is preferred. The polar planimeter 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.

e ——-

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.

(panutjuod) 9NIddvW ONOd

0¢-4



PHYSICAL LIMNOLOGY 13

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 areas of each
summed 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
of iake bottoms are rarely regular, a better approxima-
tion for volume may be obtained by calculating and then
summing the volumes of conical segments (frustra),
with upper and lower surfaces delimited by the areas of
sequential depth contours. The calculation is then as
given by Welch (1948):

Lake volume = N frustrum volumes

where

14 HANDBOOK OF COMMON METHODS IN LIMNOLOGY

h —_—
frustrum volume = 3 {a, ~ 3, » Va,a,)

h = depth of frustrum
a, = area of frustrum surface
3, = area of frustrum bottom

Volume by planimetry

Lake volume may also be determined by planimetric
integration. '

1. Using knear 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 those
squares thatare more than half within, and disregard those
that are more than half outside the line. If equal di-

LTS ATUCK meND
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Fig. 4. Cartometer in use measuring the shoreline length of a
plane table map.
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PHYSICAL LIMNOLOGY 15

mensions for each square of the grid are used (that is,
each grid has dimensions of 1 m? in one direction versus
1 m in the other direction), that grid represents 1 m?
volume. Summing the number of cubic meter volume
grids under the curve will give the approximate total
volume of the lake.

Shoreline length: cartometer method

The map measure (cartometer) is a convenient method
for measuring lengths of shorelines (Fig. 4). It is also a
delicate instrument and deserves care in handling.

1. Set dial by turning wheel to zero line. Draw a line of
known length on the map paper, and trace three times
with the instrument to check its accuracy of calibration.

2. Setinstrument 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. Repeatl 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) = LIV

where

length of shoreline
area of lake

a

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.

16 HANDBOOK OF COMAON METHODS IN LIMNOLOGY

Not all lakes will have a segment that may be considered
to represent a maximum length. The orientation is ex-

pressed as opposing points on a 16-point compass: for
examnle, SSE-NNW.

Maximuin depth
The maximum depth is the deepest spot in the lake.
Mean depth

The mean depth is an important value, since it is
used in certain other calculations, such as heat budgets.
It is calculated as follows:

volume in m?

Mean depth in meters = - 7
surface area in m

(Panu13uod) 9NIddvW ONOd
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PROCEDURE
DETERMINING SECCHI DISK VISIBILITY

REFERENCE

Lind, 0.T. 1974. Handbook of common methods in Timnology. C.V. Mosby Company,

Saint Louis, pp. 22-23.

T HANDBOOK OF CUMMON AMETHUDS IN LIMNOLOGY

VisSIBILITY

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) is 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 10 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 for line

,
_,‘// Painled
i white

Panted
black

AN
Ye thick plywood

10 circle

Atloched weight (leod o
wwonl 1o bottom of disk

FIG. 6. The Secchi disk may be easily made from a 20-cm di-
ameter metal or weighted wooden disk. Opposite quariers are
painted gloss white and gloss black as shown. 1t is important
that the calibrated line be attached so that the disk hangs hori-
zontally in the water tFrom Vivian, V. E.: Sourcebook for
environmental education, St. Louis, 1973, The C. V. Mosby Co.)
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The Secchi disk vrsibility is useful as a means of com.
paring the visibility of different waters, especially when
measured by the same ubserver. 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 10 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 between
9:00 Am and 3:00 ras.

Since one of the more frequently used optical rela-
tions in water studies is the photic depth, or depth of
1% surface illumination, sume limnologists find it con-
venient to “calibrate their eye” 1o estimate photic depth
by using only the simple Secchi disk. This s done by
accurately determining the true photic depth by use of
a submarine photometer and at the’ same time taking a
series of Secchi disk readings to obtain an average.
Owiding true photic depth by Secchi disk visibility depth
will obtain a factor by which Secchi disk visibility depth
is multiplied. This factor is used in the future to estimate
photic depth when a submarine photometer 1s unavail-
able. If this procedure is used over a range of different
water conditions, one general factor may be developed
and a fair approximation of photic depth ohtained.
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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)
2)
3)
4)

NOTE:

Rinse 3 times with distilled H,0

Soak in 1:1 HCl1 (PO, ONLY) bath for at least 5 hours
Rinse 3 times with distilled H,0, once with deionized
Dry (protect from dust) and cap with aluminum foil

It may be necessary to periodically wash this glassware with
HOT 1:1 HCI1

NH3-N and Kjeldahl-N Glassware:

1)
2)

3)

NOTE:

NO,-N, NO,-NOs3-

1)
2)

4)

Soak in Liquinox-H,0 solution, rinse with tap H,0, drip dry
Soak in Chromic-Sulfuric Acid cleaning solution (Chromerge) for
15 minutes, rinse 3 times with distilled H50

Soak and store in 0.IN HCl until next use, rinse 5 times with
deionized H,0 before use

Soak glassware stored dry in the 0.1IN HCl for 1% minutes
before use

N Glassware:

Soak in Liquinox-H,0 solution, rinse with tap Hy0, drip dry
Soak in Chromic-Sulfuric Acid cleaning solution (Chromerge) for
15 minutes, rinse 3 times with distilled H,0

Soak in the 1 N HCl bath for 30 minutes, rinse 3 times with
deionized H,0

Dry and cap with aluminum foil

Nalge Polypropylene Sample Bottles and Other Plastic Labware:

1)
2)

3)
4)

Rinse 3 times with distilled H50

Soak in 1 N ENO3 bath for 15 minutes and rinse 3 times with
distilled H,0

Sosk in 1 N HCl bath for 15 minutes and rinse 3 times with
deionized H,0

Dry and replace cap or cap with aluminum foil for storage

'y
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GLASSWARE WASHING (continued)

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

1)
2)

3)
4)

5)

Soak in Liquinox-Hp0 solution, rinse with tap Hy0, drip dry
Soak in Chromic-Sulfuric Acid cleaning solution (Chromerge) for
15 minutes, rinse 3 times with distilled H,0

Soak in 1 N HNO3 bath for 15 minutes, rinse 3 times with
distilled H,0

Soak in 1 N HC1 bath for 15 minutes, rinse 2 times with
deionized H,0

Dry fprotect from dust) and cap with aluminum foil

B
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PROCEDURE
MEASURING HYDROLOGIC CHARACTERISTICS

REFERENCE

Wood, J. W., 1974. Diseases of Pacific salmon:
State of Washington, Department of Fisheries, Olympia, WA.

their prevention and treatment.
pp. 71-77.

EVAPORATION:  Each project team should purchase from a commercial source or have
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 poiypropylene. The dimensions (ID)
should be approximately 70 (L) x 70 (W) x 25 (D) u& 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 o calculate the inflow into a
pond. The following represent seversl methods of
determining the rate of water inflow

Direct Measurement — This may be done by simply
placing a coniainer of known volume under the spout
and determining ihe time it takes to fill the container.

Example: A 50-yallon drum is filled in 25
seconds. 50 qals/25 secs x 60 secs = 120 anm

Measurement from Table “Flow from Pipes” — This
table {Table 2} was prepared by our engineers for 3

rur erncient 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 otf in 1 or % inch 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 thal you used: go

Ariaim tha mmloioo Lol L £l A

Brev MWW UG YUW THTODUITU, LHICH 1TdU allusy U Uie

appropriate gpm column to determine fiow in gpm.

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 ¥ 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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)
Pipe ~7

Formula — _ 256 D2 X

G ~T—

D = DIA. OF PIPE IN INCHES

N
\

Table - 2
FLOW FROM PIPES
k—x——ﬂ
=== I Y

.GYY
2 56 D2

G = GALLONS PER MINUTE (gpm)

4" Pipe 3" Pipe 4" Pipe
Y=16" Y=16" Y=9"
X" gom X" gpni X" gpm
4.88 50 8.68 50 3.66 S0
5.86 60 10.42 69 4.39 60
6.84 70 12.15 70 5.13 70
7.81 80 13.89 80 5.86 80
8.79 90 15.62 90 6.59 90
9.77 100 17.36 100 7.32 i00
10.74 110 19.10 10 8.06 110
11.72 120 20.83 120 8.79 120
12.70 130 22.57 130 9.52 130
13.67 140 2430 140 10.25 140
14.65 150 26.04 150 10.99 150
15.62 160 27.78 160 11.72 160
16.60 170 29.51 170 12.45 170
17.58 180 31.25 180 13.18 180
18.55 190 32.98 190 1391 190
19.53 200 34.72 200 14,65 200
20.51 210 36.46 210 15.38 210
21.48 220 38.19 220 16.11 220
22.46 230 39.93 230 16.85 230
23.43 240 41.66 240 17.58 240
24 4] 250 43.40 250 18.31 250
25.39 260 45.14 260 19.04 260
26.37 270 46.87 270 19.77 270
27.34 280 48.61 280 20.51 280
28.32 290 50.34 290 21.24 290
29.30 300 52.08 300 21.97 300
I"x=10.2gpm 1" x = 5.89 gpm 1" x=13.7gpm

3" Pipe
Y=9"

X pm
6.51 S0
7.81 60
9.11 70

10.42 80
11.72 90
13.02 100
14.32 110
15.23 120
16.93 130
18.23 140
19.53 150
20.83 160
22.13 170
23.44 180
24,74 190
26.04 200
27.34 210
28.64 220
29.95 230
31.25 240
32.55 250
33.85 260
35.15 270
36.46 280
37.76 290
39.06 300
1" x =7.7 gpm

X in every case equals inches and parts of inches.
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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.
= 6 inches
30 inches
16 inches
Flow in gpm '
256D2 x = (2.56) (6 x 6) (30) = {2.56) (36) (30)
VY Vie 4
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 the
Y leg must extend directly down to the top of the
water jet ag in the diagrams below. The X reading s
determined and the formula or table 1s used 1n the
same manner as for a level discharge pipe.
ojipe
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 3 pipe running

MEASURING HYDROLOGIC CHARACTERISTICS (Continued)

Pipe Larger or Smaller than 3 or 4 Inches — The table -

partly full if a factor is used to compensate for the
reduced flow resuiting from the pipe only being
partially filled. The following table, entitled “Effective
Area Factor” tahle (Table 3), is used for any size pipe
1o 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 theoretica) flow by
the etfective area factor (EAF) to fird 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)
is 1 inch {4 inches minus 3 inches); therefore,
the ratio of F 1o 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.

Ratio Ratio Ratio

F/D EAF F/D EAF F/D EAF

0.00 1.000 0.23 0.826 0.37 0.664
0.10 0.948 0.24 0816 0.38 0.651
0.1 0.939 - 0.25 0.805 0.39 0.639
0.12 0.931 0.26 0.793 0.40 0.627
0.13 0922 0.27 0.782 0.41 0.614
0.14 0914 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 0577
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
o 0.847 0.35 0.688 0.49 0513
0.22 0.837 0.36 0.676 0.50 0.500

Note  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" pipe - 4 times 3" pipe full
5/6 Full 6" pipe - 3.5 times 3" pipe full
3/4 Full 8" 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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to the table and multiply the flow in gem by the
fength 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:

3.42 X 83 = 284 gpm

{41 inches = 3.42 feet)

Table 4  DISCHARGE IN CUBIC FEET PER SECOND {cfs) AND
WEIND, BY (HE FHANCIS FORMULA: Q = 3.33 H3/2
(AAamend $omn it i a0 oo
Depth on Discharge per Depth on Discharge per
Crest Foot of Weir Crest Crest Foat of Weir Crest
{inches) cfs gom {inches) cls gom
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 1 50 3/4 1.41 631
1/2 15 66 7 1.48 665
3/4 .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 a7
3/4 .58 262 1/4 2.25 1,012
4 .64 287 1/2 2.35 1,053
1/4 .70 315 3/4 2.44 1,096
1/2 77 343 10 253 1,136
3/4 .83 372 1/4 2.63 1,179
5 .90 402 1/2 2.73 1,223
1/4 .97 433 3/4 2.82 1,268
1/2 1.03 463 11 2.92 1,312
3/4 1.10 495 1/4 3.03 1,358
1/2 3.12 1,401
3/4 3.23 1,448
The 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 a3 sha@-crested weir, The discharge must
be free falling to use this table. In practice the depth r o reraancs
on the weir crest is measured to the top of the curi l
(see diagram) on the leading edge of a yardstick when g —— N
the vardstick is placed on the leading edge of the top T BT T~ S
damboard. After measuring the depth on the crest, refer B ;811 N

L
(‘))\ l\
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Tabie 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

Fiow in gallons per minute

Depth on
Crest
finches) 12" Sump 10" Sump 8" Sump 6" Sump
1/2 42 ae 28 21
3/4 70 v 47 35
1 113 94 75 57
1/8 141 118 94 70
1/4 155 129 103 78
3/8 183 153 122 92
1/2 211 176 141 106
5/8 240 200 160 120
3/4 268 224 179 134
7/8 296 247 197 148
2 324 271 216 162
1/8 352 294 235 176
1/4 381 317 254 190
3/8 423 353 282 2N
1/2 451 376 301 225
5/8 479 400 320 240
3/4 522 435 349 261
7/8 564 470 376 282
3 592 494 394 296

Messure here -

|
|

Note: Water must be freely discharging at all
times down the sump; “biowback’’ will resuit 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.

————e

)

5

N

N
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Measurement in Open Channels and Streams — An
approximation of fair accuracy of the flow in a
channel or stream can be made with relatively little
effort. You will need to measure off a length of
the stream, preterable 100 ft; determine the average
depth through this section (consider the entire
length and width of the stream}; and, determine the
average width of this section of stream. You will
then need to time the passage of a wood chip or
float through the length of this section. The follow-
ing formula is then used to calculate the volume of
flow in cu ft/sec {cfs).

. WDal

Q-3

Where: Q = volume of flow in cubic feet/sec (cfs)

W = average width of stream section in feet

D = average depth of stream section in feet

a = constant factor depending on type o
stream bottom, use:
a - 0.9 for smooth sand, etc,
a = 0.8 for rough rocks, etc.

L = length of stream section measured

T = time in seconds for wood chip or float 10
travel the measured distance

Example: Suppose we find only a 50-foot
length of stream -that appears 10 have a
uniform channel., By 4 series of measure-
ments we determine the average depth 10
he 2 feet and the average width 1o be 15
feet. The bottom of the stream is mostiy
rocks and coarse gravel. We drop a wood
chip at the upper end of the 50-foot sec-
tion and tind that it takes 65 seconds for
the chip to reach the lower end of the section.

Therefore:
W=15 f1
D=2t
a= 0.8
L =50 ft
T = 65 secs

=15 ft x 2 ft x 0.8 x 50 ft 1200 cu f1

65 secs 65 secs
18 cfs (approx)

"

MEASURING HYDROLOGIC CHARACTERISTICS (Continued)

Measurement from Pond Refill Time — The rate of
wdter inflow 1o 3 pond may also be measurad by
determining the time necessary to refill a portion of
the pond’s volume. The method 1s valid providing
no water leaves the pond during the refill period; f
the pond leaks, you can't use this method. This
method, however, may be the only gne available to
you if the water enters the pond through the up-
welling chamber or through a flume or ditch ar
ground level.

It is necessary that the surface area of the pond be
calculated. The pond s then drained down to a
predetermined level Lelow the tup oi the standpipe
then allowed to relill. From the volume of water
necessary to refilt the discharged wadter, and the
time necessary to do so, it is easy to calculate the
rate of inflow.

Example: In a standard pond 80 ft long by
20 ft wide, the water is drained down 1 ft
below the top of the standpipe. It takes 35
minutes to replace this top 1 ft of water,

Area of pond: 80 1t x 20 ft = 1,600 sq fu

Volume of top 1 ft: 1 ft x 1,600sq ft = 1,600
cu ft; or, 7.48 gals/cu ft x 1,600 cu f1 =
11,968 qals

Rate of inflow: 11,968 gals/35 mins = 342
gpm
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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
and wastewaters depend on the physical,
chemical, and biochemical activities in the
water body. - The analysis for DO is a key
testin water pollution and waste treatment
process control.

Two methods for DO analysis are de-
scribed: the Winkler or iodometric method
and its madifications and the electrometric
method using membrane electrodes. The

isdometric method! is a titrimetric proce-
dure based on the oxidizing property of
DO while the membrane electrode proce-
dure is based on the rate of diffusion of
moleculiar oxygen across a membrane.?
The chuice of test procedure depends on
the interferences present. the accuracy de-
sired, and. in some cascs. convenience or
expedience,

421 A. lodometric Methods

1. Principle

Improved by variations in technic and
equipment and aided by instrumentation.
the iodometric test remains the most pre-
cise and reliable titrimetric procedure for
DO unalysis. The test is bused on the addi-
tion of divalent manganese solution, fol-
lowed by strong alkali. to the sample in i
ghins-stoppered bottle. DO rapidly oxi-
dizes an equivalent amount of taye dis-
persed divalent manganous hydioo-'s pre-
cipitiite to hydroxides of higher vidency
states. In the presence of iodide wns and
acdification, the oxidized manganese re-
verts to the divalent state, with the libera-
tion o' iodine 2quivalent to the original DO
cantent. The sodine is then titrated with a
stindard solution of thiosullite.

The titration end point cin be detected
visually, with a starch indicator. or elec-

tromcetrically, with potentiomeltric or
dead-stop technics.* Experienced analysts
ciun maintain a precision of =50 ug/L with
visuul end-point detection and a precision
of =5 ug/L with electrometric end-point
detection. s

The liberated iodine also can be deter-
mined directly by simple absorption spec-
trophctometers.' This method cun be used
on i routine bitsis to provide very accuritle
estimates fur DO in the microgram-per-lit-
er runge provided that intedering particu-
ke matter. color, and chemicid inter-
ferences are absent.

2. Selection of Method

Before selecting it method consider the
eflect of interferences. oxidizing or reduc-
ing materiils that may be present in the
sample. Certain oxidizing ugents liberate
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OXYGEN (DISSOLVED)/lodometric Methods

iodine from iodides (positive interference)
and some reducing agents reduce iodine 1o
iodide (negative interference). Most or-
ganic matter is oxidized partially when the
oxidized manginese precipitate is acid-
ified. thus causing negative errors.
Several modifications of the iodometric
method are given 1o minimize the effect of
interfering materials.? Among the more
commonly used procedures are the uzide
modificatior, the permanganate modifica-
tion.* the alum flocculation madification.:
and the copper sulfate-sulfamic acid floc-
culation modification.** The azide modifi-

Yaein Rubber Gasket

.|

vt |

jo— 14-in. Brass

=ITYITYT
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Yiin ‘l L)
fe————— 6 81in
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- 8lin. {

Thermometer

Tube Open z)

389

cation (B) effectively removes inter-
ference caused by nitrite. which is the
most common interference in biologically
treated eflluents und incubated BOD sam-
ples. Usc the permanganate modification
(C) in the presence of ferrous iron. When
the sample containy S or more mg ferric
iron salts/L.. add potassium fluoride (KF)
as the first reagent in the azide modifici-
tion or after the permanganate treatment
for ferrous ron. Alternately, climinate
Fe(lll) interference by using RS-87%
phosphoric acid (H,PO,) instead of sulfu-
ric acid (H,S0,) for acidification. This pro-

"
Y-n Copper Tubing
c
~
c Thermometer Cup
o~

o )

Copper Tubing

2in

Cup (1 in. Diam..
hn High)
(Blaud to Cover
ijclcl

Figure 421:1. DO and BOD sampler ussembly,
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~
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390

cedure has not been tested for Fe(lll) con-
centrutions above 20 my/l..

Use the alum flocculation modification
(D) in the presence of suspended solids
thut cause interference and the copper sul-
fate-sulfamic acid fAoecculation modifica-
tion (E) on activated-sludge mixed liquor.

3. Collection of Samples

Collect sumples very carefully. Meth.
ods of sampling are highly dependent on
source to be sampled and, to a certain ex-
tent, on method of analysis. Do not et
sample remain in contact with air or be
agitated, because either condition causes i
chitnge i its gaseous content. Sumples
from any depth in streams, lakes. or reser-
voirs, and samples of boiler water. need
special precautions to eliminate chunges in
pressure and temperature. Procedures and
equipment have been developed for sam-
pling waters under pressure and uncon-
fined waters (e.g.. streams. nvers. and
reservorrs). Sampling procedures and
cquipment needed are described in Ameri-
citn Society for Testing and Materials Spe-
el Technical Publicition Noo [48-1 and
in U.S. Geological Survey Water Suppls
Puper No. 1454,

Collect surface water samples in ni-
row-mouth glass-stoppered BOD bottles
of 300-mL. capacity with tapered and
pointed ground-glass stoppers und flired
muotths. Avoid entraiming or dissolving at-
mospheric oxygen. In sampling from it line
under pressure, attach u glass or rubber
tube 1o the tap and extend to bottom of
boule. Let bottle overflow twa or three

INCRGANIC NON-METALS (400)

tmes ats volume and replice stopper so
that no sier bubbles are entrained.

Suitable samgplers tor streams. ponds, or
tanks of moderate depth are of the APHA
tvpe shown in Figure 4211 Use a4 Kem-
merer-type sampler for samples collected
from depths greater than 2 m. Biced
sample frem buttom of sampler through a
tbe eatending to bottom of a 250- to 300-
mL BOD bottle. Fill bottle to overflowing
toverflow for approximately 10 seo). and
prevent turbulence and formation of bub-
bles while filling Record sample temper-
ature to nearest degree Celsius or more
precisely.

4 Preservation of Samples

Determine DO aimmediately on all sam-
ples containing an appreciable oxygen or
wdine demand. Samples with no iodine
denuind may be stared for a few hours
without change after addition of manga-
nous sulfate (MaSO,) solution atkali-io-
dide solution. and H,S0,. followed by
shakeng in the usuid way. Protect stored
aamples from strong sunbight and titate as
~00n s posstble.

For samples with an jodine demand.,
meserve for d ro B hr by adding 0.7 ml,
vene HoSO, and | al, sodivm azide soly-
Har (2 g NaN 100 mi, distlled water) o
the BOD bottle This will arrest biological
activity and mauntain DO if the bottle 1s
stured at the temperature of collection or
wader-sealed and kept at 10 1o 20 C. As
suortas possible. cornpiete the procedure,
ustng 2 ml. MaSO, solution, 3 mL alkali-
1ndide soluton. and 2 ml. cone H,S0,.

421 B. Az:de Modification

1. General Discussion

Use the azide maditication for most
sewage. eMuent, and stream samples. e

preidly ! sampres continn muore th S0
s NO, -Nil.ard not mare than 1 e et

“aus dronvl. Orber peducing or oxadrsing
materals should ne abeent 1Y 1l KE wa-
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OXYGEN (DISSOLVED)/Azide Modification

lution is added before the sample is acid-
ified and there is no delay in titration. the
method is applicable in the presence of 100
to 200 mg ferric iron/L.

2. Reagenls

a. Munganous  sulfute  solution: Dis-
solve 480 g MnSO,-4H,0. 400 2
MnS0,-2H,0. or 364 g MnSO,-H,0 in dis-
tilled water, filter. and dilute to 1 L. The
MnSO, solution should not give a color
with starch when added (0 an acidified po-
tassium iodide (K!) solution.

b. Alkali-iodide-uzide reagent: Dis-
solve 10 g NaN, in 500 mL distilled water.
Add 480 g sodium hydroxide (NaOH) and
750 g sodium iodide (Nal). and stir until
dissolved. There will be a white turbidity
due to sodium carbonate (Na,CQ,). but
this will do no harm. CauTioN—Do nor
acidify this solution because toxic hvdra-
2oic acid fumes may be produced.

¢. Sulfuric ucid, H,SQ,. conc: One mil-
liliter is equivalent 10 ubout 3 ml. alkali-
iodide-azide redgent.

d. Starch: Use either un aqueous solu-
tion or soluble starch powder mixtures.

To prepare un aqucous solution. dis-
solve 2 g laborutory-grade soluble starch
and 0.2 g salicylic ucid. as a preservative.
in 100 mL hot distilled water.

¢. Stundard sodinm thiosalfate titrant:
Dissolve 6.205 g Nu,S,0,-5H,0 in distilled
water. Add 1.5 mL 6N NaOH or 0.4 g sol-
id NaOH and Jilute to 1,000 mL. Stun-
dardize with bi-iodate solution.

J. Stundurd potassium bi-ivdate solu-
tion, 0.0250N: Dissolve 812.4 mg
KH(10,), in distilled water and dilute 10
1.000 mL.

Standardization: Dissolve approximate-
ly 2 g KI, free from iodate. in an erlen-
meyer flask with 100 to 150 mL distilled
water. Add | mL 6N H,SO, or a few drops
of conc H.SO, and 20.00 mL. standard bi-
iodate solution. Dilute tv 200 mL and ti-
trate liberated iodine with thiosulfute ti-
trant, adding starch toward end of titra-

391

tion, when a pale straw color is reached.
When the solutions are of equal strength,
20.00 mL 0.0250N Na,S,0, should be re-
quired. If not, udjust the Na,S.0, solution
o 0.0250N .

k. Potassiven fluoride  solution:  Dis-
solve 40 g KF-2H,0 in distilled water and
dilute to 100 mL.

3. Procedure

«. To the sample collected m a 250- 10
00-mL bottle, add | ml. MnSQ), solution,
followed by 1 mL alkali-iodide-azide re-
agent. If pipets are dipped into sumple,
rinse them before returning them 1o re-
agent bottles. Alternatively, hold pipet
lips just above liquid sudace when adding
reagents. Stopper curelully 1o exclude air
bubbles und mix by inverting botile i few
times. When precipitite has seitled sufli-
ciently (1o approximately half the bottle
volume) to leave clear superniute above
the manganese hydroxide floc., add 1.0 mL
conc H.SO,. Restopper und mix by in-
verting several tmes until dissolution is
complete. Titritte a volume corresponding
10 200 mL original sample after correction
for sample loss by displacement with -
agents. Thus, for a total of 2 mL (1 ml.
each) of MnSO, und lkiuli-iodide-azide
reagents in a 300-ml. bottle, titrate 200 »
300/300-2) = 201 mL.

b. Titrste with 0.0250V Na,$,0, solu-
ton to i pule straw color, Add i few drops
of sturch sulution and continue titration fu
first disappearance of blue color. If vnd
point iy vverrun, biack-titrate with 0.0250.N
bi-todate solution added dropwise. or by
adding a measured volume of treated
sample, Correct for amount of bi-odate
solution or sample. Disregnd subsequent
recolurations due 1o the catalytic effect of
nilrite or 1o traces of ferric salts that e
not been complexed with Nuoride.

4. Calculation

a. Fortitration of 200 mL sumple. | ml,
0.0250N Nu,S,0, = 1 mg DOYL..

4—‘4.
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TaRLE 42121, SoLusiLity oF OXYGEN IN WATER EXPOSED 10 WA T1R-SATURATED AlR®

Chluride Concentration in Water

mgll.
Temperature .. e . :
¢ 0 5.000 10,000 15,000 20,000
0 14,60 13.72 12,90 2.1 11.41
1 14.19 13.35 12.56 11.81 TRE
2 11.81 12.99 12.23 1.st O 10.K)
3 13.44 12.65 1.91 11.22 10.56
4 13.09 12.33 11.61 10.94 10,30
$ 12,78 12.02 11.32 10.67 10.08
6 12.43 1.7 11.05 10.41 9.8
7. nn 11.43 10.78 10.17 9.59
f 11.K) 1.16 10.53 9.9} 9.37
9 11.55 10.90 10.29 9.71 Y16
0 11.27 10.65 10.05 9.49 K.96
" 11.01 10.40 9.X) 9.24 877
12 10.76 10.17 9.61 9.04 .58
13 10.52 9.95 9.41 859 8.4l
14 10.29 9.73 9.21 7 8.24
15 10.07 9.53 9.0! .53 .07
16 9.85 9.33 .43 .36 7.91
17 9.6% 9.14 .65 .19 7.7%
X 9.45 .95 8.48 8.0} 7.61
1y 9.26 8.77 8.32 7.8% 7.47
20 9.07 4.60 8.16 7.73 7.3
2 8.90 8.44 8.00 7.59 7.20
n 8.72 8.24 7.88 7.45 7.07
hy} .56 812 7.71 7.2 6.95
24 .40 7.97 7.57 7.19 6.8}
28 824 7.8} 7.44 7.06 6.71
26 .09 7.69 7.31 6.94 6.60
27 7.95 7.58 7.8 6.83 6.49
2 7.81 7.42 7.06 6.71 6.3K%
29 7.67 7.30 6.94 6.60 6.2%
k1] 7.54 7.17 6.83 6.49 6. 1%
k1| 7.41 7.08 6.71 6.39 6.08
n 7.28 6.94 6.61 6.29 5.99
k] 7.16 6.82 6.50 6.19 $.90
34 7.08 6.71 6.40 6.10 541
s 6.93 6.61 6.30 6.01 5.72
36 6.82 6.51 6.20 5.92 S.64

® Ata totul pressure of 101.3 kPa. Under any other barometric pressure. 2, obtain the solubility,
S (mg/L) from the correspunding value in the table by the cquation:
ooy L
$ 160 -1
in which § is the solubility ar 101.3 kP: and 1 is the pressure (mm) of saturated water vapor it the
water temperature. For elevitions less than 1.000 m and temperatures helow 25 C, ignore 5. The

equiition then becomes:

O A
$r=s =9 29.92

Dry air is assumed 1o contain 20,907 oxygen. (Caleulations made by Whipple and Whipple, 1911,
J. Amer. Chem. Soc. 33:362.)
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TABLE 421:1. SOLUBILITY OF OXYGEN IN WATER EXPOSED TO WATER-SATURATED AIR®

Chloride Concentration in Water

mgll

Temperature .. ... . . . e e
C 0 5.000 10,000 15,000 20.(KK)
37 6.71 6,40 6.1 S.K} S8
R} ] 6.61 6.3 6.02 5.74 S38
39 6.51 6.21 .91 $.66 S.40
40 6.41 6.12 S.K4 bt} APKR]
4] 6.31 6.03 5.76 5.50 $.28
42 6.22 $.94 5.68 .42 AR E
43 6.11 S.KS 5.60 538 sn
44 6.04 sn .82 £ S04
45 5.95 569 .44 5.0 4.9%
46 5.86 s.61 hRY) 5.3 149
47 S8 $.83 $29 5.06 4.4
48 570 548 2 5.00 .78
49 5.62 S Ss 4.9 4.7
50 5.54 AR} 5.08 4.87 4.66

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.

¢. To express results as percent situra-
tion at 101.3kPa, use the solubility data in
Table 421:1. Equations for correcting sol-
ubilities to barometric pressures other
than meun sea level are given below the
table.

5. Precision and Accuracy

DO can be determined with a precision,

expressed as a standard deviation, of

about 20 ug/L in distilled water and about
60wl in wastewater and sccondary of-
fluents. In the presence of appreciuble in-
terference. even with proper madilica-
tions, the standard devigtion may he as
high as 100 we/L. Sull greater errors may
oceurin testing walters having organic sis-
pended solids or beavy pollution. Avoid
crrors due to carclessness in collecting
samples. prolonging the completion of
test. or selecting an unsuitable modifica-
tion.

421 C. Permanganate Modification

1. General Discussion

Use the permanganate modification on-
ly on samples containing ferrous 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 | mL potas-
sium (uoride (KF) and azide, provided

thatt the final titration is made immediately
after acidification.

This procedure is ineffective for oxida-
tion of sulfite, thiosulfate, polythionate. or
the organic matter in wastewater. The er-
ror with sumples containing 0.25% by vol-
ume of Jigester waste from the minufic-
ture of sulfite pulp may amount 1o 7 tu §
mg DO/L. With such samples, use the ul-

q"
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kali-hypochlorite modification.™ At best,
however, the latter procedure gives low

results, the deviation amounting to | mg/L.

for sumples containing 0.25% digester
wastes.

2 Reagents

All the reagents required for Method B.
and in addition:

a. Potassinm permangunate solution:
Ditsolve 6.3 ¢ KMnQ, in distilled water
and dilute to 1 L.,

h. Patassium axalute solution: Dis-
solve 2 ¢ K.C,0,-H,0 in 100 mL distilled
waier: | mL will reduce about 1.1 mL per-
maninate solution,

3. Procedure

a. To a sumple collected in a 250- (0
JN-mL hottle add, below the surface, 0.70
ml. conc H,S0,. | ml. KMnO, solution,
and 1 ml. KF solution. Stopper and mix
by inversion. Never add more than (0.7 mL
conc H.S8Q, as the lirst step of pre-
treatment. Add acid with & I-mL pipet
graduated to 0.1 mL. Add suflicient
KMnO, solution to obtain a violet tinge
that persists for S min. If the per-
manganile color is destroyed in a shorter
tme. add additional KMnO, solution, but
avoid large excesses.

b. Remove permanganate color com-
pletely by adding 0.5 10 1.0 mL K,C.0, so-

INORGANIC NON-METALS (400)

lution. Mix well and let stand in the dark
to facilitate the reaction. Excess oxalate

causes low results: add only an amount of

K.C.O, that completely decolorizes the
KMnO, without having an excess of maore
than 0.5 mL.. Complete decolorization in 2
to 10 min. If it is impossible to decolorize
the sumple without adding a large excess
of oxalate. the DO result will be in-
accurate,

¢. From this point the procedure close-
Iy parallels that in Section 421B.3. Add |
mi. MnSO, solution and 3 ml. alkali-io-
dide-azide reagent. Stopper. mix. and let
precipitate settie a short time: acidify with
2 ml. conc H.80,. When 0.7 ml. acid. |
ml. KMnQ, solution. 1 ml. K.C,0, solu-
tion. 1 ml. MnSO, solution. and 3 mL al-
kali-iodide-azide (or a total of 6.7 mL re-
agents) are used in i JH-mL bottle. tuke
200 x 300/300 - 6.7) = 205 mL for titra-
tion.

This correction is slightly in error be-
cause the KMnO, solution is nearly satu-
rated with DO und | mL would add about
0.008 mg oxygen to the DO bottle. How-
ever, because precision of the method
(standard deviation, 0.06 mL thiosulfate
titration, or 0.012 mg DO) is S(0%% greater
than this error. a correction is unneces-
sary. When substantially more KMnO, sv-
lution is used routinely, use a solution sev-
eral times more concentrated so that | mL
will satisfy the permanganate demand.

421 D. Alum Flocculation Modification

1. General Discussion

Samples high in suspended solids may
consume appreciable quantities of iodine
in acid solution. The interference due to
solids may be removed by alum Noccula-
tion.

2. Reagents

All the reagents required for the azide
modification (Section 421B.2) and in addi-
tion:

a. Alum solution: Dissolve 10 g alumi-
num potassium sulfate, AIK(SO,). 12H,0.
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in distilled water and dilute to 100 mL.
b. Ammanium hydroxide, NH,OH,
conc.

3. Procedure

Collect sample in a glass-stoppered
bottle of 500 to 1,000 mL capacity, using
the same precautions as for regular DO

samples. Add 10 mL alum solution and |
to 2 mL conc NH,OH. Stopper and invert
gently for about | min. Let sample seitle
for about 10 min and siphon clear super-
nate into a 250- 1o 300-mL DO botte until
it overflows. Avoid sample aeration and
keep siphon submerged at all times. Con-
tinue sumple treatment as in Scclion
4218.3 or an appropriate modification.

421 E. Copper Sulfate-Sulfamic Acid Flocculation Modification

1. General Discussion

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

2. Reagents

All the reagents required for the azide
modificatiog (Section 421B.2) and. in addi-
tion:

Copper sulfate-sulfumic acid inhibitor
solution: Dissolve 32 g technical-grade
NH,SO,0H without hcat in 475 mL dis-
tilled water. Dissolve S0 g CuSQ,-5H,0 in
500 mL distilled water. Mix the two solu-
tions and add 25 ml. conc acetic acid.

3. Procedure

Add 10 mL CuSO,-NH,SO,0H inhib-
itor to a |-L glass-stoppered bottle. Insert
bottle in a special sampler designed so thal
bottle fills from a tube near bottom and
overflows only 25 10 S0% of bottle capic-

ity. Collect sample. stopper, and mix by

inverting. Let suspended solids settle und
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 interfcrences: nev-
ertheless. the method still is inapplicable
to a variely of industrial and domestic
wastewaters.'" Moreover, the iodometric
method is not suited for ficld testing and
cannot be adapted easily for continuous
monitoring or for DO determinations in
situ.

Polarographic methods using the drop-
ping mercury electrode or the rotating
platinum electrode have not been reliable
always for the DO analysis in domestic
and industrial wastewaters because impu-
rities in the test solution can cause elec-
trode poisoning or other interferences. '
With membrane-covered electrods sys-
tems these problems are minimized. be-
ciuse the sensing element is protected by
ian oxygen-permeable plastic membrane
that serves as a diffusion barnier against

~ O
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impurities."*~'* Under steady-state condi-
tions the current is directly proportional to
the DO concentration.*

Membrane electrodes of the polaro-
graphic' as well as the galvanic'® type
have been used for DO measurements in
lakes and reservoirs.'” for stream survey
and control of industrial eMuents."™ " for
continuous mor.itoring of DO in activated
sludge units.*" and for estuarine and
oceanographic studies.?! Being completely
submersible. membrine clectrodes are
suited for analysis in situ. Their portability
and case of operation and maintenance
make them particularly convenient for
field applications. In laboratory investigi-
tions. membrane electrodes have been
used for continuous DO analysis in bacte-
rial cultures, including the BOD test. !>

Membrane electrodes prevside an ex-
cellent method for DO analysis in polluted
waters, highly colored waters. and strong
waste effluents. They ire recommended
for use especially under conditions that
are unfuvorable for use of the iodometric
method. or when that test and its modifi-
cations are subject to scrious errors
caused by interferences.

a. Principle:  Oxygen-sensitive mem-
brane clectrodes of the polurographic or
salvanic type are composed of two solid
metal electrodes in contact with support-
ing electrolyte sepurated from the test so-
lution by a selective membrane. The basic
difference between the galvanic and the
polzrographic systems is that in the former
the electrode reaction is spontaneaus
(similar to that in a fucl cell). while . the
latter an external source of applied voltage
is needed to polarize the indicator elec-
trode. Polyethylene and fluorocarbon
membranes are used commonly because
they are permeable 10 molecular oxygen
and are relatively rugged.

Membrane electrodes are commercially

*Fundamentally the current is directly proportional to
the activity of molecular oxygen.*

INORGANIC NON-METALS (400)

available in some variety. In all these in-
struments the “‘diffusion current™ is lin-
early proportional to the concentration of
molecular oxygen. The current cun be
converted eusily to concentration units
{e.g.. milligrams per liter) by a number of
calibrution procedures.

Membriune electrodes exhibit a relative-
ly high temperature coefficient lurgely due
tu changes in the membrane per-
meubility." The cffect of temperature on
the electrode sensitivity., & (microamperes
per milligram per liter), can be expressed
by the following simplified relationship: '

logd = 083 nu + b

where:
1 = temperature, degrees C,
m = constint that depends on thc mem-
brine material, and
b = constant that largely depends on
membrance thickness.

If vilues of o and m ire determined for
one temperature (b, and r,). it is possible to
calculate the sensitivity at any desired
temperature (¢ and r) as follows:

logd = log ., + 0.43m (1 - 1,)

Nomographic charts for temperature cor-
rection can be constructed easily® and are
aviiluble from some manufucturers. An
example is shown in Figure 421:2, in
which, for simplicity, sensitivity is plotted
versus ltemperature in degrees Celsius on
semilogarithmic coordinates. Check one
or two points frequently to confirm origi-
nal calibrution. If calibration changes. the
new calibration should be parallel 10 the
original, provided that the same mem-
brane material is used.

Temperature compensation also can be
made automatically by using thermistors
in tae electrode circuit." However, ther-
mistors may not compensate fully over
wide temperature runge. For certain apph-
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
esluarine waters or in wastewaters with
varying ionic strength. correct for effect of
salting-out on electrodc sensitivity.>'* This
effect is particularly significant for large
changes in salt content. Electrode sensi-
tivity varies with salt concentration uc-
cording to the following relationship:

logd, = 043 m C, 4+ log o,

where:

by, &g = sensitivities in salt solution and dis-
tilled water, respectively,
C, = salt concentration (preferably ionic
slrength), and
m, = constant (salting-out coefficient).

If ¢y and i are determined, it is possible
to calculate sensitivity for any value of Cy.
Conductivity measurements can be used
to approximate salt concentration (C\).
This is particularly applicable (o estuarine
walers. Figure 421:3 shows calibration
curves for sensitivity of varying sall solu-
tions at different temperatures.

b. Interference. Plustic lilms used with

membrane electrode systems are per-
meable 10 a variety of gases besides oxy-
gen, although none is depolarized casily at
the indicator electrode. Prolonged use of
membrane electrodes in waters containing
such gases as hydrogen sulfide (H,S) tends
to lower cell sensitivity. Eliminate this in-
terference hy frequently changing and
calibrating the membrine clectrode.

c. Sampling: Because membrine elec-
trodes offer the advantage of analysis in
situ they eliminate errors caused by
sample handling and storage. If sampling
is required. use the siame precautions sug-
gested for the iodometric method.

2. Apparalus

Oxygen-sensitive membrane electrode,
polarographic or galvanic, with appropri-
ate meter.

3. Procedure

a. Calibration: Follow manufacturer's
calibration procedure exactly to obtain
guaranteed precision and accuriacy. Gen-
erally, calibrate membrane clectrodes by
reading against air or a sample of known
DO concentration (determined by jodo-
metric method) as well as in a sumple with

Sait Content, Cg (mg-:L1x]0"

00 50 100 150 200
350f= T T
~? Ll
€ 306°C
3 —

E - 25 1°C
<
20 : / 19 40C

Electrode Sensitnaity,
o

5 .
0.0 0.5 1.0 1.5 2.0 25 30
Salt Content, Cg (M KC1'L)

Figure 421:3. The salting-out ¢ffect at differeat
lemperatures.
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zero DO. (Add excess sodium sulfite,
Ni.SO,. and a trace of cobalt chloride,
CoCl,. 10 bring DO 10 zerv.) Preferably
calibrate with samples of water under test.
Avoud an todometric calibration where in-
terfering substances are suspected. The
following illustrate the recommended pro-
cedures:

1) Fresh water—For unpolluted sam-
ples where intertering substances are ub-
sent, calibrate in the test solution or dis-
tilled water, whichever is more conve-
nient,

2) Salt water—Calibrate directly with
samples of seawater or waters having

constant salt concentration in excess of

LO00 my/ L.

3} Fresh water containing pollutants or
interfering  substances—Calibrate  with
distilled water because erroneous results
oceur with the sample.

4) Salt water containing pollutants or
interfering substunces— Culibrate with «
sample of clean water containing the same
salt content as the saumple. Add i concen-
trated potassium chlornide (KCh solution
(see Conductivity. Section 205 and Tuble
205:1) to distilled wuater to produce the
same specific conductance as that in the
sample. For polluted ocean waters, cali-
brate with a sample of unpolluted seu-
walter,

§) Estuary  water containing varying
guantities of salt— Culibrate with a sumple
of uncontaminated seawalter or distilled or
tap water. Determine sample chloride or
salt concentration and revise calibration
to account for chunge of oxygen solubility
in the estuiry water.?

INORGANIC NON-METALS (400)

h. Sample measurement: Follow all
precautions recommended by manufac-
turer (o insure acceptable results. Take
care in changing membrane to avoid con-
tamination of sensing element and also
trupping of minute air bubbles under the
membrane, which can lead to lowered re-
sponse and high residual current. Provide
sufficient sample flow across membrane
surface to overcome erratic response (sce
Figure 421:4 for u typical example of the
cffect of stirring).

Etectrode Respunse (pamps

Stireer Speced RPM

Figure 421:4. Typical trend of effect of stirring
on electrode response.

. Validation  of temperature  effect:
Check frequently one or two points to ver-
ify temperiture correction data.

4. Precision and Accuracy

With most commercially availabl2 mem-
brane electrode systems an accuracy of
+0.1 mg DO/LL and a precision of =0.05
mg DO/L cun be obtained.
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403 ALKALINITY

Alkalinity of a water is its quantitative
capacity to react with a strong acid to a
designated pH. The measured value may
vary significantly with the end-point pH
used. Alkalinity is a measure of an aggre-
gate property of water and can be inter-
preted in terms of specific substances only
when the chemical composition of the
sample is known.

Alkalinity is significant in many uses
and treatments of natural and waste-
waters. Because the alkalinity of many
surface waters is primarily a function of
carbonate, bicarbonate, and hydroxide
content, it is taken as an indication of the
concentration of these conslitutents, The
measured values may include contribu-
tions from borates, phosphates. or sili-
cates if these are present. Alkalinity in ex-
cess of alkaline earth metal concentrations
is significant in determining the suitability
of a water for irrigation. Alkalinity mea-
surements are used in the interpretation
and control of water and wastewater treat-
ment processes. Raw domestic waste-
water has an alkalinity less than or only

slightly greater than that of the water sup-
ply. Properly operating anaerobic digest-
ers typically have supernatant alkalinities
in the range of 2.000 to 4.(00 mg calcium
carbonate (CaCQO,)/L."

1. General Discussion

a. Principle: Hydroxyl ions presentin a
sample as a result of dissociation or hy-
drolysis of solutes react with additions of
standard acid. Alkalinity thus deponds on
the end-point pH used. For methods of de-
termining inflection points from titration
curves and the rationale for titrating to
fixed pH end points. see Section 402. 1.

For samples of low alkalinity (less than
20 mg CaCO,/L) use an extrapolation
technic based on the near proportionality
of concentration of hydrogen ions to ex-
cess of titrant beyond the equivalence
point. The amount of standard acid re-
quired to reduce pH exactly 0.30 pH unit
is measured carefully. Because this
change in pH corresponds 10 an exact dou-
bling of the hydrogen ion concentraltion, a
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simple extrapolation cun he made to the
equivalence point.:-

h. End poinis: When alkalinity is due
entirely to hydroxide. carbonate, or bi-
carbonate content. the pH at the equiva-
lence poiat of the titration is delermined
by the concentration of carbon dioxide
(COy) 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
Alkalinity,
mg CaCOy/L.:
30 S0 8.3
150 4.8 83
500 4.5 8.3
Silicates, phosphates
known or suspected 4.5 8.3
Routine ur
automated
analyses 4.5 8.3
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 u desig-
nated pH taken from 1 15. Titrate at room
temperature with a properly calibrated pH
meter or electrically operated titrator. or
use color indicators.

Report alkalinity less than 20 mg
CaCOy/L only if it has been determined by
the low-alkalinity method-of 1 4.

INORGANIC NON-METALS (400)

Construct a titration curve for standard-
1zation 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. Sumple size: See Section 402.1e for
selection of size sample to be titrated and
normality of titrant. substituting 0.02 N or
0.1~ sulfuric (H,S0,) or hydrochloric
(HC)) acid for the standard alkali of that
method. For the low-alkalinity method. ti-
trate a 200-mL sample with 0.02N H,SO,
from a 10-mL buret.

S Sampling and storage: See Section
402.1f.

2. Apparatus
See Section 402.2.

3. Reagents

a. Soduim carbonate solution, approxi-
mately 0.05N: Dry 3 to S g primary stan-
durd Na,CO, at 250 C for 4 hrand cool in a
desiccator. Weigh 2.5 = (.2 g (to the near-
est mg). transfer to a 1-L volumetric flask,
fill fask to the mark with distilled water,
and dissolve and mix reagent. Do not keep
longer than | wk.

h. Stundard sulfuric acid or hvdro-
chioric acid. 0.1 N: Dilute 3.0 mL conc
H,S0O, or 8.3 mL conc HCl to | 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 S 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:

Normality, N = ﬁ‘—f—c

where:
A =g Na,C’ , weighed into | L flask,
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B = mL Na,CO; solution taken for titra-
tion, and
C = mL acid used.

Use measured normality in calculations or
adjust 10 0.1000¥; 1 mL 0.1000 NV solution
= 5.00 mg CaCO,.

c. Standard sulfuric acid or hydro-
chloric uacid, 0.02N: Dilute 200.00 mL
0.1000V standard acid to 1,000 mL with
distilled or deionized water. Standardize
by potentiometric titration of 15.00 mL
0.05N Na,CO, according to the procedure
of 136; I mL = 1.00 mg CaCoQ,.

d. Mixed bromcresol green-methyvl red
indicator solution: Use either the aqueous
or the alcoholic solution:

1) Dissolve 100 mg bromcresol green
sodium salt and 20 mg methyl red sodium
salt in 100 mL. distilled water.

2) Dissolve 100 mg bromcresol green
and 20 mg methyl red in 100 mL 95% cthyl
alcohol or isopropyl alcohol.

e. Methyl orange solution.

J. Phenalphthalein solution, alcoholic.

&. Sodium thiosulfute, 0.I1N. See Sec-
tion 402.3b.

4. Procedure

a. Color change: See Section 402.4.
The color response of the mixed bromcre-
sol green-methyl red indicator is approxi-
mately as follows: above pH 5.2, greenish
blue; pH 5.0, light blue with lavender
gray; pH 4.8, light pink-gray with bluish
cast; and pH 4.6, light pink. Check color
changes against reading of a pH meter un-
der the conditions of the titration. Because
colors are difficult to distinguish, the
method is subject to relatively arge oper-
ator error.

b. Potentiometric titration curve: Fol-
low the procedure for determining acid-
ity (Section 402.45), substituting the ap-
propniate normality of standard acid solu-
tion for standard NaOH, and continue
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titration to pH 3.7 or lower. Do not filter,
dilute, concentrate, or alter the sample.

c. Potentiometric titration to pre-
selected pH: Determine the appropriate
end-point pH according 10 1 15, Prepare
sample and titration assembly (Section
402.4h). Titrate to the end-point pH with-
out recording intermediate pH values and
without undue delay. As the end point is
approached make smaller additions of acid
and be sure that pH equilibrium is reached
beiore adding more titrant.

d. Potentiometric titration of low alka-
linity: For alkalinities less than 20 mg/L
titrate 100 to 200 mL according to the pro-
cedure of 1 4c. above, using a 10-mL mi-
croburet and 0.02N standard acid solu-
tion. Stop the titration at a pH in the range
4.3 10 4.7 and record volume and exact
pH. Carefully add additional titrant to re-
duce the pH exactty 0.30 pH unit and
again record volume.

5. Calculations

a. Potentiometric titration 1o end-point
pH:

A x N x 50,000

Alkalinity, mg CaCO,/L = mL sample

where:
A = mL standard acid used and
N = normality of standard acid

or

Alkalinity, mg CaCO,/L = A X X 100
mL sample

where:
t = titer of standard acid, mg CaCOQy/ml..

Report pH of end point used as follows:
"“The alkalinity 0 pH =
mg CaCO,/L"" and indicate clearly if this
pH corresponds o an inflection point of
the titration curve.

b. Potentiometric titration of low alka-
linity:
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Total alkalinity, mg CaCO L,
Q8N x S
mL sample

where:
8 = mL ttrant 10 first recorded pH,
C = total mL titrant 1o reach pH 0.3 ynit
lower, and
N = normality of acid.

c. Calculation of alkalinitv relation-
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 in many waters. The
classification ascribes the entire alkahnity
to bicarbonate, carbonate, and hydroxide.
and assumes the absence of other (weuk)
inorganic or organic acids, such as silicic.
phosphoric, and boric acids. It further pre-
supposes the incompatibility of hydroxide
and bicarbonate alkalinities. Because the
calculations are made on a stoichiometric
basis, ion concentrations in the strictest
sense are not represented in the resnlts,
which may differ significantly from actual
concentrations especially at pH >10. Ac-
cording to this scheme:

1) Carbonate (CO,*7) alkalinity is pres-
ent when phenolphthalein alkalinity is not
zero but is less than total alkalinity

2) Hydroxide (OH") alkalinity is pres-
ent if phenolphthalein alkalinity is more
than half the total alkalinity.

3) Bicarbonate (HCO,") ions are pres-
ent if phenolphthalein alkalinity s less
than half the total alkalinity. These rela-
tionships may be calculated by the follow-
ing scheme, where 2 is phenolphthalein al-
kalinity and 7 is total alkalinity (5 15):

Select the smaller value of # or (T-P).
Then, carbonate alkalinity equals twice
the smaller value. When the smailer value
is P, the balance (T-2P) is bicarbonate.
When the smaller valuc is (7-P), the bal-
ance (2P-7) is hydroxide. All results are
expressed as CaCQO,. The mathematical

INORGANIC NON-METALS (400)

conversion of the results is shown in Table
403:1.

Fantr 403 1AL KALINITY RELATIONSHIPS®

Bicarbonate

Hydroxide Carbonate  Concen-
Resultof  Alkalinity  Alkalinity tration
Trration  as C1.CO,  as CaCO, as CaCO,

P=0 0 0 T
P<'.T 0 2P T -2P
P =0T 0 2P 0
P='.T 2P -T UT - P 0
P=T T 0 0

*Key: P—phenolphthalein alkalinity, T —total alka-
hnity

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 CaCQO, per liter from the OH-
concentration, and the phenolphthalein
and total alkalinities by the following
equations:

CO, = 2P - 2[OH")

HCO;," =T - 2P + [OH")

Similarly, if difficulty is experienced
with the phenolphthalein end point, orif a
check on the phenolphthalein titration is
desired, calculate phenolphthalein alkalin-
ity as CaCO, from the results of the no-
mographic determinations of carbonate
and hydroxide ion concentrations:

P = 112{CO4*"] + [OH"]

6. Precision and Accuracy

No general statement can be made
about precision because of the great varii-
tion in sumple characteristics. The preci-
ston of the titration is likely to be much
greater than the uncertainties involved in
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sampling and sample handling before the
analysis.

In the range of 10 to 500 mg/L., when the
alkalinity is due entirely to carbonates or
bicarbonates, a standard deviation of | mg
CaCO,/L can be achieved. Forty analysts
in 17 laboratories analyzed synthetic sam-
ples containing increments of bicarbonate
equivalent to 120 mg CaCO,/L. The titra-
tion procedure of § 4 was used, with an
end point pH of 4.5. The standard devia-
tion was 5 mg/L and the average bias
(lower than the true value) was 9 mg/L.*
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314 HARDNESS

Originally, water hardness was under-
stood to be a meusure of the capacity of
waler 1o precipitate soup. Soiup is precipi-
tated chiefly by the calcium und magne-
sium jons present. Other polyvalent ct-
ions also may precipitate soup. but they
often are in complex forms. frequenth
with organic constituents, and their role in
water hardness may be minimal and dithi-

cult to define. In conformity with current
practice, total hardness is defined as the
sum of the calcium and magnesium con-
centriations, both expressed as calcium
carbonate, in milligrams per liter.

When hardness numerically is greater
thun the sum of carbunate and bicarbonate
alkalinity, that amount of hardness equiv-
alent to the total alkalinity is called "car-
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bonate hardness™"; the amount of hurdness
in excess of this is called *‘noncarbonate
hardness.”” When the hardness numerical-
ly is equal to or less than the sum of cur-
bonate und bicarbonate alkalinity, all
hardness is carbonate hardness and non-
carbonute hardness is ubsent. The hurd-
ness may range from zero to hundreds of
milligrums per liter in terms of calcium
carbonate. depending on the source and
treatment to which the water has been
subjected.

1. Seleclion of Method

Two methods are presented for the de-
termination of hardness. Method A, hard-
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ness by calculation, is applicable to all wa-
ters and yields the higher accuracy. If
mineral analysis is performed. hardness
by calculation can be reported. Method B.
the EDTA titration method, measures the
calcium and magnesium ions and may he
applied with appropriate modification to
any kind of water. The procedure de-
scribed affords a means of rapid analvsis.

2. Reporting Results

When reporting hardness. state the
method used. for example. ““hardness
(calc.)”” or ““hardness (EDTA}"".

314 A. Hardness by Calculation

1. Discussion

The preferred method for determining
hardness is 10 compute it from the results
of separate determinations of culcium and
magnesium.

2. Calculation

Hardness, mg equivalent CaCO. /L.
= 2,497 [Ca. mg/L] + 4. 118 [ Mg, mg'l.

314 B. EDTA Titrimetric Method

1. General Discussion

«. Principle: Ethylenediaminetetraace-
tic acid and its sodium salts (abbreviated
EDTA) form a chelated soluble complex
when added (o a solution of certain metal
cations. If a small amount of a dye such
as Eriochrome Black T or Calmagite is
added to an aqueous solution containing
calcium and magnesium ions at a pH of
10.0 = 0.1. the solution becomes wine red.
If EDTA is added as a titrant. the calcium
and magnesium will be complexed. and
when all of the magnesium and calcium
has been complexed the solution turns
from wine red 1o blue, marking the end
point of the titration. Magnesium ion must

be present to yield a satisfactory end
point. To insure this, a smaill amount of
complexometrically  neutral  magnesium
salt of EDTA is idded 10 the builer, this
automatically introduces suflicienr magne-
sium and obviates the need for o blank
correction.

The shurpness of the end point increits-
es with increasing pH. However. the pH
cannot be increased indelinitely hecuuse
of the danger of precipitating calcium car-
bonate, CaCQ),. or magnesium hvdroxide.
Mg(OH),, and because the dve changes
color at high pH values. The specitied pH
of 10.0 = 0.1is a satisfactory compromise
A limit of S min is set for the duration ol
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the titration to minimize the tendency to-
ward CaCO, precipitation.

h. Interference: Some metul ions inter-
fere by causing fading or indistinct end
points or by stoichiometric zonsumption
of EDTA. Reduce this interference by
adding certain inhibitors before titration.
Adding MgCDTA [see 2h3}]. which is nor
an inhibitor. permits titrating all poly-
valent cations listed in Tuble 314:1 but
yields erroneously high hardness values in
proportion to the concentration of such
cations. Because it is nontoxic it s the
complexing agent of choice if the inter-
ferences are known to be so low that no
significant addition to the hardness will re-
sult from their titration. When the in-
dicated cations are present in significun
concentrations, use the inhibitors Listed in
Table 314:1. The figures in Table 314:] are
intended as a rough guide only and are

TasLe 314:1. MaXiMUM CONCENTRATTONS OF
INTERFERENCES PERMISSIBLE WITH VARIOUS
INHIBITORS®
Max. Interference
Concentration

Interfering o ”uiL,.._. -
Substance Inhibitor Inhibitor
l H

Aluminum 20 20
Barnum t '
Cadmium t 20
Cobalt over 20 0.3
Copper over 30 20
Iron over 30 5
Lead t 20
Manganese

(Mn") t l
Nickel over 20 0.3
Strontium t !
Zinc t 200
Polyphos-

phate 10

*Based on 25-mL sample diluted to 50 mL
tTitrates as hardness.

METALS (300)

based on using a 25-mL sample diluted 1o
SO mL.

Suspended or colloidal organic matter
also may interfere with the end point.
Eliminate this interference by evaporating
the sumple to dryness on a steam bath and
heating in a muffle furnace at 550 C until
the arganic matter is completely oxidized.
Dissolve the residue in 20 mL IN hydro-
chiaric acid (HCI). neutralize to pH 7 with
IN sodium hydroxide (NaOH), and make
up to 50 mL with distilled water; cool to
roum temperature and continue according
to ihe general procedure.

o. Tirrarion precautions: Conduct titra-
tions at or near normal room temperature.,
The color change becomes impractically
slow us the sumple approaches freezing
temperature. Indicator decomposition be-
comes a problem in hot water.

The specifies! pH may produce an envi-
ronment conducive to CaCOy precipi-
tation. Although the titrant slowly redis-
solves such precipilates, a drifling end
point often yiclds low results. Completion
of the titration within S min minimizes the
tendency for CaCO, to precipitate. The
following three methods also reduce pre-
cipitation loss:

1) 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 1 + | 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 9% or more of titrant to
sumple hefore adjusting the pH with buf-
fer.

3) Acidify the sample and stir for 2 min
to expel CO, hefore pH adjustment. De-
termine alkalinity to indicate the amount
of acid to be added.




F-53

HARDNESS (continued)

HARDNESS/EDTA Titrimetnic Mathod

2. Reagents

a. Buffer solution:

1) Dissolve 16.9 g ammonium chloride
(NH,CD) in 143 n.L conc aummonium hy-
droxide (NH,OH). Add 1.25 g magnesium
selt of EDTA (available commercially)
and dilute to 250 mL with distilled water.

2) If the magnesium sait of EDTA is un-
available, dissolve 1.179 g disodium salt of
cthylenediaminetetruacetic acid dihydrute
(analytical reagent grade) and 780 mg mag-
nesium sulfate (MgSO,-7H,0) or 644 mg
magnesium chloride (MgCl,-6H,0) in 50
mL distilled water. Add this solution 1o
16.9 g NH,Cl and 143 mL conc NH,OH
with mixing and dilute to 250 mL with dis-
tilled water. To attain the highest accura-
cy. adjust to exact equivalence through
appropriate addition of a small amount of
EDTA or MgSO, or MgCl,.

Store Solution 1) or 2) in u plastic or re-
sistant-glass container for no longer than |
month. Stopper tightly to prevent loss of
ammonia (NH,) or pickup of carbon diox-
ide (CO,). Dispense buffer solution by
means of a bulb-operated pipet. Discurd
buffer when 1 or 2 mL added to the sample
fails to produce a pH of 10.0 = 0.1 at the
titration end point.

3) Satisfactory alternate *odorless buf-
fers'* also are available commercially.
They contain the magnesium salt of EDTA
and have the advantage of being relatively
odorless and more stable than the NH,CI-
NH,OH buffer. They usually do not pro-
vide as good an endpoint as NH,CI-
NH,OH because of slower reactions and
they may be unsuitable when this method
is automated. Prepare one of these buffers
by mixing 55 mL conc HCl with 400 mL
distilled water and then, slowly and with
stiring, adding 300 mL 2-uminoethanol
(free of aluminum and heavier meltals).
Add 5.0 g magnesium salt of EDTA and
dilute to 1 L with distilled water.

b. Complexing ugents: For most waters
no complexing agent is needed. QOccasion-
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ally water containing interfering ions re-
quires the addition of an appropriate com-
plexing agent 1o give a clear, sharp change
in color at the end point. The following ure
satisfactory:

D Inhibitor 1: Adjust acid samples 1o
pH 6 or higher with bufler or 0. 1IN NaOH.
Add 250 mg sodium cyanide (NaCN) in
powder form to the sample. Add suflicient
buffer to adjust to pH 10.0 = 0.1 (Cau-
TION: NuCN is extremely poisonows Tal o
extra precautions in ity use. Flush solu-
tions containing this inhibitor down the
drain with large quantities of water after
tnsuring that no acid is present 1o liberate
volatile poisonous hydrogen :yunide.)

2) Inhibitor 11: Dissolve 5.0 g sodium
sulfide nonahydrate (Nu,$-9H,0) or 3.7 g
Na,8:5H,0 in 100 mL distilled witter. Ex-
clude air with a tightly fitting rubber stop-
per. This inhibitor deteriorates through air
oxidation. It produces a sulfide precipitate
that obscures the end point when appre-
ciable concentrations of heavy metals are
present. Use | mL in 4 35 below.

3) MeCDTA: Magnesium salt of |, -
cyclohexancdiaminetetraucetic acid. Add
250 mg per 100 mL sampie und dissolve
completely before adding buffer solution.
Use this complexing agent to avoid using
toxic or odorous inhibitors when inter-
fering substances ure present in concen-
trations that affect the end point but will
not contribute signilicantly to the hardness
value.

Commercial preparations incorporiting
a buffer und a complexing agent are avil-
able. Such mixtures must maintain pH
10.0 = 0.1 during the titration and give a
clear, sharp end point when the sample is
titrated.

¢. Indicators: Many types of indicator
solutions have been advocated and may be
used if the analyst demonstrates tha! they
yield accurate values. The prime difficulty
with indicator solutions is deterioration
with aging, giving indistinct end pomis.
For example, alkaline solutions of Enio-

| \Sf\
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chrome Black T are sensitive to oxidants
and aqueous or alcoholic solutions are un-
stable. In general. use the least amount of
indicator providing a sharp end point. 11 s
the analyst's responsibility to determine
individually the optimal indicator concen-
tration.

D Eriochrome Black T: Sodium salt of
1-(1-hydroxy-2-naphthylazo)-S-nitro-2-
niaphthol-d-sulfonic acid; No. 203 in the
Color Index. Dissolve 0.5 g dye in 100 g
2.2 Y-nitrilotriethanol  (also  called  1tri-
ethunolamine) or 2-methoxymethanol (ul-
so-called ethylene glycol monomethyl
ether). Add 2 drops per S0 ml. solution to
be titrated. Adjust voluine if necessury.

2) Calmagite: 1-(1-hydroxy-4-methyl-2-
phenyluzo)-2-naphthol-4-sulfonic acid. This
is stable in aqueous solution and pro-
duces the same color change as Erio-
chrome Bluck T. with a sharper end point.
Dissolve 0.10 g Calmagite in 100 mL dis-
tilled water. Use | mL per S0 mL solution
to be ttrated. Adjust volume if necessary.

3y Indicators | and 2 can be used in dry
powder form if care is taken to avoid ex-
cess indicator. Prepared dry mixtures of
these indicators and an inert salt are avail-
able commercially.

Il the end point color change of these
indicators is not clear and sharp. it usually
means that an appropriate complexing
agent is required. If NaCN inhibitor does
not sharpen the end point. the indicator
probably is at faull.

d. Stundard EDTA titrant, 0.01A1:
Weigh 3.723 g analytical reagent-grade di-
sodium ethylenediaminetetruacetate dihy-
drate. also called (ethylenedinitrilo)-
tetraacetic acid disodium salt (EDTA).
dissolve in distilled water, and dilute to
1,000 mL. Srandardize against standard-
calcium solution (1 2¢) as described in § 3
below.

Because the titrant extracts hardness-
producing cations from soft-glass contain-
ers, store in polyethylene (preferuble) or
borosilicate glass bottles. Compensate for

METALS (300)

gridual detenoriation by periodic restan-
dardization and by using a suitable correc-
ton lactor

¢ Standard calcium solution:  Weigh
1000 g anhydrous CaCO, powder (prima-
ry standard or special reagent low in
heavy metals, alkalis. and magnesium) in-
to o S00-mL erlenmeyer flask. Place a fun-
nel in the flask neck and add. a little at o
time. | + 1 HCl until all CaCO, has dis-
solved. Add 200 ml. distilled water and
boil for a few minutes to expel CO,. Cool.
add & few drops of methy! red indicator,
and adjusi to the intermediate orange col-
or by adding 3¥ NH,OH or | + 1 HCL. as
required. Transfer quantitatively and di-
lute to 1,000 mL with distilled water: | mL
= 1.0 mg CuCO,,.

!, Sodium hyvdroxide, NaOH, 0.1 N.

3 Procedure

a. Pretreatment of polluted swater and
wastewater samples: Follow the proce-
dure described in Section 302E or F.

h. Titration of sample: Select u sample
volume that requires less than 1S mlL
EDTA ttrant and complete titration with-
in S min. measured from the time of buffer
addition.

Drlute 25.0 ml. sumple to ubout 50 mL
with distilled water in a porcelain casse-
role or other suitable vessel. Add | to 2
mL buffer solution. Usually 1 mL will be
suflicient to give a pH of 10.0 to 10.1. The
absence of i sharp end-point color change
tn the titration usually means that an inhib-
itor must be added at this point in the pro-
ccdure (1 2 et seq.) or that the indicator
has deteriorated.

Add 1 to 2 drops indicator solution or an
appropriate amount of dry-powder in-
dicator formulation [9 23)]. Add standard
EDTA titrant slowly, with continuous stir-
ring. until the last reddish tinge disuppears
from the solution. Add the last few drops
al 3- to S-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
lights tend to produce a reddish tinge in the
blue at the end point.

If sufficient sample is available and in-
terference is absent, improve accuracy by
increasing sample size., as described in
1 3¢ below.

¢. Low-hardness sample: For ion-ex-
changer effluent or other softened water
and for natural waters of fow hardness
(less than 5 mg/L), take a larger sample,
100 to 1.000 mL., for titration and add pro-
portionately larger amounts of buffer, in-
hibitor, and indicator. Add standard
EDTA titrant slowly from a microburet
and run a blank, using redistilled, distilled,
or deionized water of the same volume as
the sample, to which identical amounts of
buffer, inhibitor, and indicator have been
added. Subtract volume of EDTA used for
blank from volume of EDTA used for
sample.

CONNORs, J.J. 1950. Advances in chemical and
colorimetric methods. J. Amer. Waiter
Works Ass. 42:33.

DignL, H., C.A. GOET & C.C. Hach. 1950,
The versenate titration for total hardness.
J. Amer. Water Works Ass. 42:40.

BeTz, J.D. & C.A. NoLL. 1950. Total hardness
determination by direct colorimetric titra-
tion. J. Amer. Water Works Ass. 42:49

Goetz, C.A., T.C. LooMis & H. DienL. 1950.
Total hardness in water: The stability of
standard disodium dihydrogen ethyl-
encdiaminetetraacetate solutions. Anal.
Chem. 22:798.

199

4. Calculation
Hardness (EDTA) as mg CaCoO,/LL

_ A X B X 1000
" mL sample
where:
A = mL titration for sample and
B = mg CaCO, cquivalent 10 1.00 mL
EDTA titrant.

5. Precision and Accuracy

A synthetic sample containing 610 mg/L
total hardness as CaCO, contributed by
108 mg Ca/L and 82 mg Mg/L, and the fol-
lowing supplementary substances: 3.1 mg
K/L, 19.9 mg NwL, 241 mg Cl/L, 0.25 mg
NO,"-N/L, 1.1 mg NO,"-N/L, 259 mg sul-
fate/L, and 42.5 mg total alkalinity/L (con-
tributed by NaHCO,) in distilled water
was analyzed in 56 laboratories by the
EDTA titrimetric method with u relative
standard deviation of 2.9% and a relative
error of 0.8%.

314 C. Bibliography

DiskaNT, E.M. 1952. Stable indicator solutions
for complexometric determination of total
hardness in water. Anal. Chem. 24:1856.

BaanarD, AJ., JR., W.C. BRoAD & H.
FLASCHKA. 1956 & 1957. The EDTA titra-
tion. Chemist Anulvss 45:86 & 46:46.

Goetz, C.A. & R.C. SMITH. 1959, Evaluation
of various methods and reagents for total
hardness and calcium hardness in water.
lowa State J. Sci. 34:81 (Aug. 15).

SCHWARZENAACH, G. & H. FrLascuka. 1969.
Complexometric Titrations., 2nd ed.
Barnes & Noble. Inc., New York, N.Y.



http:Analy.st

F-56

ANALYTICAL METHOD

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

nocsihle. add enffirioant enlfawrin anid U_Qn. A heotan 6ha all oo Taeoo aL__ A
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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 4°C 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 NH,OH (i.e.,
nitrate-nitrite-N reagents).

Total Kjeldahl-N:

Samples may be preserved by the addition of conc. sulfuric acid, H,S0,,
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 NH,OH
(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
HySO, 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.

N
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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 avoid
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 HCl, 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 HCl 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 HCl 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 1 liter.

Nessler reagent:
Dissolve 100 g of mercuric iodide, igI,, (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 1 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-1 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 5°C.

Nitrnmnanm ~tnedacd 1.4+ An

P

viiuLe 4u.u mL OL M1trogen 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 m1-1 NH4-N standard solution to volume with ammonia-free

deionized distilled water. Prepare fresh for each set of samples.

\W
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AMMONIA NITROGEN DETERMINATION (Continued)

ml of 20 microgram ml1-1 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 1 liter with ammonia-
free deionized distilled water.

Sodium tetraborate solution, 0.025 M:
Dissolve 5.0 g of sodium tetraborate, Na;B,07. (or 9.5 g of
NazB407'10H20) 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 use. Attach a
clean Kjeldahl flask with about 30 ml of ammonia-free deionized distilled
water and 10 ml of 1 N sodium hydroxide soluticn. 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.




F-61

AMMONTA 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.

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.

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.

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.
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

1.

2.

To a 50.0 ml sample or an aliquot diluted to 50.0 ml, add 2 ml of Nessler
reagent and mix.

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.
Calculate the Ammonia-N in the original sample as follows:

NH3-N (mg 171) = A x 1000 x B
CxD

- \\»



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.0. 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 HCl 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 HCl acid bath.

REAGENTS

Boric acid solution:

Dissolve 20 g of boric acid, H4BO3 in deionized distilled water and
dilute to 1 liter.

Digestion (sulfuric acid-mercuric sulfate-potassium sulfate) solution:
Dissolve 133.5 g of potassium sulfate, K780,, 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, Hgl,, (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 mixturé 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 1 year
if stored in a pyrex bottle out of direct sunlight.

Nitrogen stock solution, 1000 microgram ml1~1 NH3-N:

Dissolve 3.819 g of ammonium chloride, NH,Cl, in deionized distilled
water and dilute to 1000 ml. Preserve with 1 ml of chloroform.

Nitrogen standard solution, 20 microgram ml~1 NH4-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 ml~1 NH3-N standard solution to volume with deionized distilled
water. Prepare fresh for each set of samples.

=
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TOTAL KJELDAHL NITROGEN DEIEKMINAT™ION (Continued)

ml of 20 microgram ml~! NH3-N
standard solution mg NH4-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, Na;S,03, in deionized distilled water and dilute to 1 liter.

DIGESTION PROCEDURE

1.

2.

Transfer 50.0 ml of a well homogenized sample or an aliquot diluted to
50.0 ml into a 100 ml Kjeldahl flask.

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.

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). 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).

When white, cloudy fumes of S03 are given off, increase the heat control
setting to "high" and begin timing the digestion.

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.

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.

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 Kjr.'lahl digestion
flask. Dispense 10 ml of sedium 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 cdntrol 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. )

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 extensicn 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.

A\
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TOTAL KJELDAHL NITROGEN DETERMINATION (Continued)

NESSLERIZATION

1. 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 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 l-l) = A x 1000 x B
CxD
where:
A = mg NH4-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 ~ompound 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 NO3-N 171
Working range: 0.0l to 1.0 mg NO3-N 171

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 ! 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 nacessary.

NOTE: Do not use nitric acid to clean this glassware.
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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-(l-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, 27%:

Dissolve 20 g of cupric sulfate penta-hydrate (CuSOA'SHZO) 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 m1-1 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 m1'11N03-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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NITRATE (Centinued)

Nitrite Stock Standard Solution, 1000 microgram ml~1 NO,-N:

Dissolve 4.926 g of sodium nitrite, NaNO;, 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 ml1~! NOo-N:

Dilute 10.0 ml of nitrite stock solution (1000 microgram ml™l) to 1000 ml
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
a4 ccenvenient 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~! mg NO3-NO;-N 1°1
intermediate standard solution or
diluted to 200 ml mg NO,-N 171
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
l. . Activate the columns by passing through each column 100 ml of

solution composed of 25 ml of 1.0 mg NO3-NO>-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.

Discard the first 35 ml of column effluent.

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 NO3-NO,-N 17, 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.

o n
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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 NO43-NO,-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
NO3-N 17! standard) to verify the efficiency of the reduction
columns. The efficiency should be greater than 957. 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 NO, oxidation
state. This is especially important if the nitrite concentration
exceeds 307 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 NO3-NO,-N 171, If nitrite is not
determined separately, report the results as mg NO3-NO,-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.ium 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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1002 G. Chiorophyll

The characteristic algad pigments are
chlovophylls,  xanthophylls, and  caro-
tenes. The three chlorophylls commonly
found 10 planktonic algae are chlorophylls
a. b.oand . Chloraphyll a constitutes ap-
proximately 1 to 27 of the dry weight ol
organie material all planktonic algae and
is the preferred indicatar Tor algal hiomass
estimates. Chlorophyll content of cells
viries with species or tixonomie groups
and is aftected by age. growth rate. light,
and nutrient conditions "

Two methods tor deternuning chloro-
phyll « in phytoplankton are available, the
spectrophotometric™ ¥ 4 and  Quoromet-
ric R The Latter s more sensitive, re-
quires less samples and has been adipted
for in vive measurements. ¥ A specilic
method for chlorophyll ¢, more sensitive
than the trichromatic method desceribed
below, especially for samples of low pig.
ment content, is avidlable ™ but is not in-
cluded here.

Pheophytin «. a common degradiation
product of chloropbyll «. can interlere
with the determiniation of ¢chloraphyll o
because it absorbs light and Huoresces m
the same region of the spectrum as chloro-
phyll o and, f present. may cause errors in
chlorophyll ¢ values. ™" When measuring
chlorophyll ¢ measure also the concentri-

tion of pheophytin . The rativ of chjoro-
phyll ¢ to pheophytin a serves s a good
idicator ot physiological condition of
phytoplunkton. Another useful water
quahity indicator s the ratio of biomiss to
chlorophyll « t Autotrophic Index). In un-
pulluted waters the plankton population s
composed  Targely of autotrophic (food-
producing). chlorophyllous algae, As wa-
ters become organically enriched, the pro-
portion ol heterotrophic (consumingd,
nonchloraphyllous organisms, such as the
tilamentous bacterin and stalked protozou.,
increases. The Autotrophic Index (Al) is o
muans of relating changes in plankton spe-
cies composition to chinges in water qual-
iy A Calculbate as:

Biomass tash-free wt of
organic matter), my/m-

Al
! Chlorophyll a, mg/m?

Narmal Al vidues range from 50 to 204,
Larger Al values tabove 2000 indicate
poor water qutlity

1. Spectrophotometnc Determination of
Chiorophyll a. b. and ¢ (Trichromatic
Method)

‘The pigments are extracted from the
plankton concentrate with aqueous ace-
tone and the optical density (absorbance)
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of the extract is determined with a spec-
trophotometer. When immediate pigment
catriction is not possible (as described be-
low), the samples may be stored frozen for
as long as 30 days it Kept in the dark. The
case with which the chlorophylls are re-
moved from the cells varies considerably
with different algac. To achieve complete
extraction of the pigments, it is necessary
usually to disrupt the cells mcchanicaily
with a tissue grinder.

a. Lguipment and reagents:

I Spectrophotamerer, with a narrow
band (0.5 to 2.0 nm) because the chloro-
phyll absorption peak is relatively narrow.,
At a spectral band width of 20 nm the
chlorophyila concentration may be under-
estimited by as much as 407

2) Cuverres with 1 ecm. 4 ¢m, and 10 cm
pitth length,

N Clivical cemtrifuge.

4) Tissne erinder.” Successfully muce-
rating glass fiber filters in tissue grinders
with grinding tube and pestle of conical
design: may be diflicult. Preferably use
grinding tubes and pestles with rounded
bottoms.

5) Centrifuege tubes, 1S ml., graduated.
serew-cap.

O) Filtration equipnten, filters., mem-
brane (0.45 um porosity, 47-mm diam) or
glass tiber (GF/C or GFIA, 4.5-¢cm diam):
vilcuum pump.,

N Magnesivm ¢ arhanate MsfenNion:
Add 1.0 g finely powdered MgCO, to 100
mL distilled water.

8) Aqucons acetone solution: Mix 90
pirts acetone (reagent grade BP 56 ()
with 10 parts water (viv).

b. Procedure:

11 Concentrate the sumple by centrifug-
ing or liltering (membritne or glass fiber fil-
ter). Add 0.2 mL MgCO, suspension be-
fore centrifuging or during the final phise

*Kontes Glass Company, Vineland. N.J. 08360: Glany'
glass grinder. Model No. XR$300: Glasv/teflon grinder,
Mude! No. ®6000- or equivislent.

951

of filtering. Store concentrated samples
frozen in i desiceator in the dark if extrac-
tion is delayed. Use glassware and cu-
vettes that are clean and acid-free.

2) Place sample i tissue grinder, cov-
er with 2 10 3 ml. 90% aqueous acetone
solution, and macerate Use TFEgliss
grinder for a glass-liher filier and glass,
glass grinder for a membrane filter,

3) Transfer sample 1o a screw-cap cen-
trifuge tube, rinse grinder with a few mil-
liliters A¥* agqueous acetone. and add the
rinse to the extriaction sturry. Adjust total
valume to a constant level, S o 10 ml,
with 90V aqueous acctone. Use solvent

sparingly and avoid excessive dilution of

pigments. Steep samples overnight at 4 ¢
in the dark,

4) Clarify extract by centrifuging in
closed tubes for 20 min at S00 ¢. Decunt
the clanticd extract into a clean. cali-
brated, 1S-ml.. screw-cap centrifuge tube
and measure the ot volume of extract.

§) Trunsfer extract (o lem cuvelte
and measure optical density (OD) w750,
663, 645 and 630 nm. Choose a cell pitth
length or dilution 10 provide an OD6H3
greater than 0.2 and less than 1.0,

¢, Calculutions: Use the oprical density
readings at 663, 645, and 630 am (o the
determination of chlorophvll w, b, and ¢ .
tespectively. The OD reading wt 750 nm
Serves s aocarrection for torhidity, Sub.
tract this reading from cach of the pigment
OD values of the ather wavelengths before
using them in the equations below . Be-
cause the QD of the extract w 750 nm s
very sensitive to changes in the acetune-
lo-waler proportions, adhere rigidly to the
90 parts acctone: 10 parts water (v/v) for-
mula for pigment extraction.

To avoid using the 750-nm reading,
clear the pigment solution by centrifuging
for 20 minm at 1,000 ¢ and use 3 hght path
limited to 1 ¢em. However. when the POssi-
bility of resuspending sediment ¢ xists,
mitke the 750-nm reading. This is commuan-
ly a problem when using phiss tiber tilers

4
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and o centrifuge with a shint head. To re-
duce this difticulty use i swing-out centri-

fuge head and additional amounts of

MgCO, added immediately before centrre
tuging.

1) Calculute the concentrations ol

chlorophylla. b, and ¢ in the evract by -
serting the corrected optical densities i
following equations:

W) Chlwo mgrl, = 11,64 (OD6KY) - 2.6
(ODOIS) + 010 (ODGIY

by Chl b, mg L. 2097 (ODKdS; 1.49q
(O A6Y) Y66 (ODAM)

¢ Chl o mg/L = S4.22 (0OD6XMY - 14 K)
(ODE4%) 553 (ODK6Y)

where:
OD66), DG4S,
and  OD6I0 = corrected  optical  densitics
(with a I em hight pathi it the
respective wavelengths.

2) After determining the concentration
ol pigment in the extract. calculute the
amount of pigment per unit volume as fol-
lows:

Chlorophyll . mg/m* =
Chla X extract volume. 1.
Volume of sample, m*

where:

Chl e = chlorophyil concentration in the ex.
tract determined by Equation i)
above.

2. Fluorometric Melhod tor Chlorophyil a

The Nuorometric method for chloro-
phyll « is more sensitive than the spectro-
photometric method. requires a smaller
sample. and does not require the wave-
length resolution needed for the spectro-
photometric method. Optimum sensitivity
for in vitro chlorophyll ¢ measurements s
obtained at un excitation wavelength of
430 nm and un emission wavelength of 663
nm. A method for continuous measure-

BIOLOGICAL EXAMINATION {1000)

ment of chlorophyll ¢ in viva is avinlihle
but 15 reported to be less efticient than
the tin vitro methad given here, viclding
about one-tenth as much fluorescence pes
unit weight as the same amount in soly.
ton. Pheophytin « also can be determined
Ruoremetrically

a. Lgupment and reagents;

1 Fluorometer, equipped with a high-
intensity F4T.S blue lamp, photomultiplier
tube R-136 {red sensitive). sliding window
orifices 1= 3 < 10 and 30~ and filters
for ight emission (CS-2-64) and excitation
{(CS-5-60). and & high-sensitivity door.

21 Other equipment and reagents as
speciticd for the Spectrophatometric De-
termination of Chlorophyil. above.

b, P'rocedure:

1 Cabbrate luorometer with a chloro-
phyll solunon of known concentration s
follows:

a4) Prepave chlorophyll extract and ana-
lyze spectrophotometrically.

hy Prepare serial dilutions of the eatract
to pravide concentrations of approximatte-
ly 2.6, 200 and &0 ug chlorophyll o/l

¢) Make readings for each solution at
cach sensivity setting (sliding window o1
theey: I3 v 10, and 30~

d) Using the values obtained above. de-
rive cahbration factors to cunvert fluoro.
metric readings in cach sensitivity level o
concentriations chlorophyll «. us follows:

R,
where:
Fo= calibration factor for senstivity set-

ting S,

R, = reading of the fluorometer for sense-
tivity setting 3, and,

C.. ~ concentrition of chlorophyll o Jeter
mined spectrophotometrically, pge |

2) Measure sample fluorescence at sen
MUY settings that wiil provide o md

tMadel HIE Turner Assoc., 2524 Pulgas Ave., Pl
Alto, Calit., or equivalent
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scale reading. Convert fluorescence read-
ings to concentrations of chlorophyll ¢ by
multiplying the readings by the appropri-
ate calibration factor.

3} Avoid using the I'x window becanse
ol quenching effects.

3. Spectrophotomeltnic Determination of
Chlorophyll 3 in the Presence ol Pheophy-
tin a

Chlorophyll ¢ may be overestimated hy
including pheopigments that absorh near
the same wavelength as chlorophyll .
Chlorophyll «. acidified with dilute acid.
degrades 1o pheophytin «. which has max-
imum absorption at wavelengths of 410
and 665 (667) nm. Additional acidification
with more concentrated acid results in fur-
ther degradation to pheophorbide-like
compounds.* Addition of acid to chloro-
phyll a results in loss of the magnesium
atom, converting it to phcophytin «. When
a solution of pure chlorophyll a is convert-
¢d 1o pheophytin a by acidilication. the ab-
sorption peak is reduced to approximately
Y4 of its original value and shifts from
663 nm 1o 665 nm. This results in i betore-
to-alter acidification absorption-peak-ratio
(OD663IOD66S) 0f 1.70 and is used in cor-
recting the apparent chlorophyll u concen-
tration tor pheophytin «.

Samples with an QD663 heforeOD6OS
after acidification ratio (663,/665,) of 1.70
dre considered to contain little if any
pheophytin a and to be in excellent physi-
ological cordition. Solutions of pure
pheophytin show no reduction in OD66S
upon acidification and have a 663,/665,, ru-
tio of 1.0. Thus, mixtures of chlorophyll
« and pheophytin « have absorption peak
ratios ranging between 1.0 and 1.7. These
ratios are based on the use of H¥ acetone
as solvent. Using 100% acctone as solvent
results in a chlorophyll « before-to-after
acidification ratio of about 2.0,

a. Equipment and reagents:

I} See Section 1002G. 1a.

2) Uydrachloric acid, HC), IN.

953

b, Procedure:

1) Extract the pigment with 905 ace-
tone (viv), clarify by centrifuging (see Sce-
tion 102G 1h). and read OD w1 750 am
and 663 nm.

2) Acidify extract n a l-em cuvette
with 2 drops IN HCL. I a Larger cell is used
add o proportionately larger volume of
acid. Gently agitate the acidified extract
and cead OD at 750 nm and it 665 am not
sooner than | min or later than 2 min after
acidification. Treat all samiples identically.

3} Subtract the 750-nm OD value from
the readings before (OD663 nm) und after
acidification (OD66S nm).

¢. Calculations: Using the corrected
vitlues calculate chlorophyll « () and
pheophytin « () per cubic meter as fol-
lows:

26.73 (663, - 665,) x V,
~ M =
1} < mg/m V.o L
26.73 (1.7 (665,) - 661,] x V',

V, x {,

2} P.mym?* =

where:
Vi = volume of extrict, L.,
Ve = volume of sample, m’,
1. < Tight path feagth or width of cuvette.
cm, and
663,
663, = optical densities of Y¥4 awetone ex-
tract before and after acidification,
respectively.,

The value 26.73 is the absorbance correc-
tian and equals A « A
where:
A = absorbance cocllicient for chloro-
phyll ¢ at 663 nm = (1.0, ynd
K = ratio expressing correction for acid-
ification,

663,
E{" }uu'r Chlbsephy H o
A

( 66]:, ’ 6633

665, [vure hlnmin g 668 lpun- Phevihtin g
R oy

1.7

= e =243

17~ 1.0

/)7\
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4. Flubromelric Determination ol Chloro-
phyil a in the Presence of Pheophytin 3

To determine Avorometrically the con-
centration of phecophylin u requires the
mcasurement of the fluoreseence of ace-
tone extracts before and after acid-
ification. Acidification of acetone extracts
of chlarophyll « and the resultant con-
version of chlorophyll « 1o pheophytin
« causes a reduction in fluorescence,
which can be used to determine the con-
centration of pheophytin o in the extract.

a. Fyuipment and reagenrs:

1 See Section 1002G. 2.

2y Hvdrocldoric acid. HCL IV,

3 Pure cldorophvil at (or a plankton
chlorophyll extract with before-and-after
acidification ratio of 1.70),

h. Procedure: Calibrate fluorometer as
in Section 1002G.26. Determine extrict
Nuorescence at cach sensitivity setting he-
tore and alter acidification. Caleulate cali-
bration factors (/) and before-and-after

$Punilicd chlorophyll . Sigma Chemical Company . Si
Lauis. Mo, or equivalent

BIOLOGICAL EXAMINATION (1000}

aciditication fluorescence ratio by dividing
the fluorescence reading obtained betore
acidification by the reading obtained alter
acidification. Avord readings on the | -
scitle and those outside the range of 20 10
&0 luorometric umits.,

«. Calculanons. Determine the “cor-
rected™ chloraphyll a iind pheophytin « in
extracts of plankton samples. using the
following equationsy:™*

’
Chlorophvli a, mgm' - F, '——l K, - R,
,
!
Pheephytin o, mgem* - /) —I (rR, - R
!

where:
F.o conversion factor for sensitivity set-
ting N7 (see 1002G.2h).
R, Auorescence of extract betore gend-
Hicaton,
Nuorescence of extract after acid-
thcaton, and
v RuJR,. ay determined with pure
vhliuorophyil o for the instrument
Redeternnne rif filters or light source
are changed.

R,

RN

Y

°}

7
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American Public Health Association, 1§80.

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
represented an adaptation of "Method 365.2
Reagent)" published bv the I.S. Fnuiranmantal Dwntantinn A
LI I ULCUUI GO T TP UUULEU UBIUW LNAT were
To facilitate cross
OWS :

outlined by the American Public Health As
referencing, relevant sections from both sources are as foll

sociation (1980).

previous workplan

(Colorimetric, Ascorbic Acid, Single

American Public
Health Association

mAnA

110a7AaN

U.S. Environmental
Protection Agency

Parameter Procedure (1980) (1979)
Total Phosphorus Persulfate digestion 424 C (I11) 8.1
Ascorbic acid/ 424 F 8.3.2
colorimetric method
Dissolved Preliminary filtration 42¢ A 4.2
Orthophosphate .
(Filterable Reactive Phosphorus)
Ascorbic acid/ 424 F 8.3

covorimetric method
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424 PHOSPHORUS

Phosphorus oceurs in natural waters
and in wastewaters almast solely as phos-
phates. These are classified 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 aqualtic organisms.

These forms of phophate arise from a
variety of sources. Small amounts of cer-
tain condensed phosphates are added to
some water supplics during trecatment.
Larger quantities of the same compounds
may be added when the water is used for
lwndering or other cleaning, because
these materials are major constituents ol
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 processes. 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 phosphite s
a growth-limiting nutrient, the discharge
of raw or treated wastewalter, agricultural
drainage, or certain mdustrial wastes to
that water may stimulate the growth of

photosynthetic aquatic inicro- and macro-
Organisms in nuisince quantities.

Phosphates also occur in bottom sedi-
ments and in biological sludges, both as
precipitated tnorgunic forms and incorpo-
rated into organic compounds.

1. Definition of Terms

Phosphorus analyses embody (wo gen-
eral procedural steps: () conversion of
the phosphorus form of interest o dis-
solved arthophosphate, and (h) color-
imetric Jdetermination of dissolved ortho-
phosphite. The separation of phosphorus
into its various forms is defined analytical-
ly but the analytical differentiations have
been sclected so that they may be used for
interpretive purposes. _

Filtration through a 0.45-um membrane
filter separates “‘filtrable”” from *'non-
filtrable™ forms of phosphorus. No claim
is made that filtration through 0.45-um fil-
ters s atrue separation of suspended and
dissalved Torms of phosphorus: it is
merely a convenient and replicable analyi-
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-
um filter.

Membrane filtration is selected over
depth filtration because of the greater like-
lthoud of obtaining & consistent separation
of particle sizes. Prefiltration through a
glass fiber filter may be used to increase
the liltration rate.

A%
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Phosphates that respond to colorimetric
tests without preliminary  hydrolyvsis or
oxidative digestion of the sample are
termed “reactive phosphorus.” While re-
active phosphorus is Lurgely o measure of
orthophosphate, o small fraction of any
condensed phosphate present usually s
hydrolyzed unavaoidably in the procedure.
Reactive phosphorus occurs in both fil-
trible and nonfiltrable forms.

Acid hvdrolysis at boiling-water tem-
perature canverts filtrable and particulate
condensed phosphites o filtruble ortho-
phosphate. The  hydrolysis unavoidably
releases some phosphate from organic
compounds. but this may be reduced (o a
minimum by judicious selection of acid
strength and hydrolysis time and temper-
ature. The term ““acid-hydroly zable phos-
phorus™ is preferred over “*condensed
phasphate™ ftor this fraction.

The phosphate friactions that are con-
verted to orthophosphate only by oxida-
tive destruction of the organic matter pres-
ent arc considered “organic’ or “Corgan-
ically bound™* phosphorus. The severity of
the oxidation required for this conversion
depends on the form—and to some extent
on the amount —of the organic phosphorus
present. Like reactive phosphorus and
acid-hydrolyzable  phosphorus,  organic
phosphorus occurs both in the liltrable and
nonliltrable fractions. With minor varia-
tions, the filtruble and nonfiltrable frac-
lions of & sample correspond to dissolved
and particulate phosphates, respectively.

The total phosphorus as well as the fil-
trable and nonfiltruble phosphorus frac-
tions each may be divided analytically into
the three chemical types that hiave been
described:  reactive,  acid-hydroly zable,
and organic phosphorus. Figure 424:1
shows the stepr for analvsis of individual
phosphorus fractions. As indicated. deter-
minations usually are conducted only on
the unfiltered and filtered samples. Non-
filtrable fractions generally are determined
by ditference. )

(Continued)

INORGANIC NON-METALS (400}

2. Selection of Method

«. Digestion methody Because phos.
phorus may oceur in combination with -
ganic matter, i digestion method to deter-
mine total phosphorus must be able to oxi-
dize organic matier eflectively (o release
phosphorus as orthophosphate. Three di-
gestion methods are given. The perchloriz
acid method, the most drastic and lime-
consuming method, is recommended only
for particularly dilficult samples such as
sediments. The nitric acid-sulfuric acid
method is recommended for most siam-
ples. By far the simplest inethod is the per-
sulfate oxidation technic. it is recom.
mended that this method be checked
against one or more of the more drastic di-
gestion technics and be adopted if identi-
cal recoveries ure obtained.

h. Colorimetric methods: Three meth-
ods of orthophosphite determination are
described. Selection depends largely on
the concentration range of ortho-
phosphate. The vanadomolybdic acid
methad (D} is most uselul tor routine anal-
yses in the range of | to 20 mg P/1.. The
stannous chloride method (E) or the ascor-
bic acid method (F) is more suited - the
range of 0.01 to 6 ing P/L.. An extraction
step is recommended for the lower levels
of this range and when interferences must
be overcome. An automated version of the
ascorbit acid method also is presented.

3. Precision and Accuracy

To aid in method selection. Table 424:1
presents the results of various combina-
tions of digestion, hydrolysis. and color-
imetric technics for three synthetic sum-
ples of the following compositions:

Sample 1 {00 ug orthophosphitte phos-
nhorus (PO, -P)/L, 80 ug condensed
phosphate phosphorus/L. (sodium hex-
ametaphosphate), 30 ug organic phos-
phorus/L (adenylic acid), 1.5 mg NH,-N/L,
0.5 mg NO,-N/L, and 400 my chloride/L.

Sample 2: 600 ug PO-P/L. 300 pg con-
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— Sample T
| Without filtzation
- et} ' m——— B e
r”“";;‘::_::‘:oubh Direct 1 H,50, hydroly~is I. Digestion
CC . i : . T C .
membrane filter colorimeltry 2. (UI.O_”T‘E.‘_‘_)- 2. Lnlolnmury
* '
A Total ’ C. Towl
reactive A B . phosphaorus
phosphonis I
1 T
(A. - BY A C. (A. « Ba
S i
B. Totl D. Total
acid-hydralyzable arginic
phosphorus phosphoius
1 Filtrate
h Nonfiltrable ) I I
i Matter ! oy ! . 1
; Direct 1. H,S0, hydrolysis I. Digestion
colornimetry Y Colorimetry 2. Colorimetry
1 | |
E. Filtuhie 1 G. Total
reactive £ F filtvable
phosphoms phosphorus
T --J - _l - . '- .
k- Fy o . G- th+ Fo
r l ‘
F. Filttable H. Filtrabie
acid-hydiolyzable [AH],
phosphomis phasphonin
L
L~ C. - G. = twtal nonfiltrable phospharus
— A. - E. = nonfiltrable reactive phosphaoras
— B. - F. = nonfiltrable icid-hydrols zuble phosphors
H

. = nonfiltrable organic phosphorus

Figure 424:1. Steps for anilysis of phosphate fractions,

*Mirect determination of phosphomis on the membiiane il Contumng aoatilitable matter will be required wheie
greater preciston than that ohtwned by difference s desimed  Digest tltes with HNOY, and (oliow by perchilorng
acrd. Then perfium colorimenry

tTotul phosphorus measurements an highly saline samples mav be dificult hecanse of precipitiation of large
quantitien of salt as o resalt of digestion technies that deastically reduce sample solume  For total phasphorus
anilyses on such samples. directly deternune totd hltcable phosphonus and 1ot nonhitrubie phasphorus and
add the results

I When determining total filtrable o1 total nonhitrable c¢acinve phosphonis anomalous results mas he obtuned
on ~amples contaning large aumounts of sispended sedunenis Very often resalis depend Lugely on the degree al
agrtation und miang to which samples aic subyecied dunng analysis becanse of o time dependent desorption of
orthaphosphite from the suspended partiches
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densed phosphate phosphorus/L, (sodivm
hexametaphosphite). 90 ug organic phos.
phorusL. (adenylic acid), 0.8 mg NH,-N/L.
5.0 mg NO,-N/L.. and 400 mg chloride/L.

Sample 30 7.00 mg PO,-P/L. 3.00 mg
condensed phosphate phosphorus/l. (so-
dium hexametaphosphate). 0.230 mg or-
ganic phosphorus/L (adenylic acid), 0.20
mg NH.-N/L. 0.05 mg NO,-N/L., and 400
mg chloride/l..

4. Sampling and Storage

It phosphorus forms are to be dif
ferentiated. filter sample immediately after
collection. Preserve by freezing at or be-
low -10C. Add 40 mg HgClJ/L 1o the
samples, especially when they are 10 be

PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE) (Continued)
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stored for long periods. Do not add either
acid or CHCly as a preservative' when

phosphorus forms are to be determined. [T

total phosphorus alone is o be deter-
mined. add 1 mL conc HCUL or freeze
without any additions.

Do not store samples containing low
concentrations of phosphorus in plastic
bottles unless kept in a frozen state he-
cause phosphites may be adsorbed onto
the walls of plastic bottles.

Rinse all glass containers with hot dilute
HCI. then rinse several times in distilled
water. Never use commercial detergents
containing phosphate for cleaning glass.
wire used in phosphate analysis.

424 A. Preliminary Filtration Step

Filter samples for determination of Jil-
trable reactive phosphorus, filtrable acid-
hydrolyzable phosphorus. and total fil-
trable phosphorus through 0.45-um mem-
branc filters. A glass fiber filter may he
used to prefilter hard-to-filter samples.

Wash membrane filters by souking in
distiled water before use becuuse thev
may contribute significant amounts of
phosphorus to samples containing low
concentrations of phosphate. Use one of

two washing technics: fa) souk S0 filters in
2 L distilled water for 24 hr; (h) soak S0
lilters in 2 L distiled water for | hr.
change distilled water, and souk filters an
additional 3 hr Membrane filters also may
be wished by running several 100-mL por-
tions of distilled water through them. This
procedure requires more frequent deter-
mination of blank values to ensure con-
sistency in washing and to evaluate dit-
ferent fots of filters.

424 B. Preliminary Acid Hydrolysis Step for Acid-Hydrolyzable
Phosphorus

1. Discussion

The acid-hydrolyzable phosphorus con-
tent of the sample is defined operationally
as the difference bhetween reactive phos-
phorus as measured in the untreated

sample and phosphate found after mild
acid hydrolysis. Generally, it includes
condensed phosphates such as pyro-. tn-
poly-. and higher-molecular-weight species
such as hexametaphosphate, In addition,
some natural waters contiin organic phos-
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phate compounds that are hydrolyzed to
orthophosphate under the test conditions.
Polyphosphates generally do not respond
to reactive phosphorus tests but can be
iydrolyzed 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 pressure cooker, capable
of operating at 98 to 137 kP,

3. Reagents

a. Phenolphthalein indicator aqueons
solution,

h. Strong acid soluticn: Slowly add 300
mL conc H,S0, to about 600 mL distilled
water. When cool, add 4.0 mL conc HNQ),
and dilute to 1 L.

c. Sodin hyidroxide. NaOH, 6N

4. Procedure

To 100-mL sample or a portion diluted
to 100 mL, add 0.05 mL (1 drop) phenol-
phthalein indicator solution. If a red color

PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE) (Continued)
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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 to keep the volume be-
tween 25 and SO ml.. Alternatively, heat
for 30 min in an autoclave or pressure cook-
er at 98 to 137 kPu. Cool, neutralize to a
faint pink color with NaOH solution, and
restore to the original 100-ml. volume with
distilled water.

Prepare a calibration curve by currying
a series of standards containing ortho-
phosphitte (see colorimetric method D, E,
or F) through the hydrolysis step. Do not
use orthophosphate standards without hy-
drolysis. beciause the saits added in hy-
drolysis cause an increase in the color in-
tensity in some methods.

Determine reactive phosphorus content
of treated portions, using Method D, E, or
F. This gives the sum of palyphosphate
and orthophosphate in the sample. To cal-
culate its content of acid-hydrolvzable
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 ull 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. Compire

phosphorus recovery by cach digestion
technic for the specific type of sumple
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 thun the
digestion procedure, governs in matters of
interference and minimum detectible con-
centration.
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orimetric method used). Add | mL conc
H.S0, and 5 mL conc HNQ),.

Digest 0 a volume of | mL and then
continue until solution hecomes colorless
to remove HNQO,.

Cool and add approximately 20 inl_ dis-
tilled water. 0.05 ml. (I drop) phenal-
phthalein indicator. and as much IN
NaOH solutian as requiced to produce a
faint pink tinge. Transfer neutralized solu-
tion, filtering il necessary (o remove par-
ticulate material or turbidity, into a 100-
mbL volumetric Hask. Add filter washings
to flask and adjust sample volume to 100
mL with distilled water.

Determine phosphorus by Method D, E.
or F, for which a separite calibration
curve has been constructed by carrying
standards through the acid digestion pro-

HI—PERSULFATE DIGESTION
METHOQOD

1. Apparatus

a. Hot plate: A 30- » S0-.cm healing
surface is adequate.

b. Autacluve: An autoclave or pressure
cooker capable of developing 98 to 137
kPa may be used in place of a hot plate.

¢. Glaxs scoup, to hold required
amounts of persuifate crystals.

2. Reagents

a. Phenolphihalein indicator aqueons

solution.
h. Sulfuric acid solution: Carefully add
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300 mL conc H.80, to approximately 60
mL distilled water and dilute to 1 . with
distilled water.

. Ammaonium persulfate, (NH,), S,0,,
solid, or potassium persullate. K,S,0..
solid.

d. Sadium hvdraoxide, NaQH, IN.

3. Procedure

Use S0 mL or a suttable portion of thar-
oughly mixed sample. Add 0.05 ml. (1
drop) phenalphthalein indicator solution,
If a red color develops. add H.SO, solu-
tion dropwise to just discharge the color.
Then add | mL H,SO, solution and either
0.4 g solid (NH,),S,0, or 0.5 g solid K,S,0..

Boil gently on a preheated hot plate for
30 to 40 min or until a final volume of 10
m! ic rouchad Cant dilives 14 UV Ml wiiek

R -— R T e

nolphthalein indicator solution. and neu-
tralize to a faint pink color with NaOH.
Alternatively, heat for 30 min in an auto-
clave or pressure cooker at 98 to 137 kPa.
Cool, add 0.05 ml. (1 drop) phenolphtha-
lein indicator solution, and neuiralize to
faint pink color with NaOH. Muke up to
100 mL with distilled water. 1n some sam-
ples a precipitate may form at this stage,
but do not filter. For any subhsequent sub-
dividing of the sample, shake well. The
precipitate (which is possibly a calcium
phosphate) redissolves under the acid con-
ditions of the colorimetric reactive phos-
phorus test. Determine phosphorus by
Method D, E, or F, for which a sepurate
calibration curve has been constructed by
carrying standards through the persulfate
digestion procedure.

424 D. Vanadomolybdophosphoric Acid Colorimetric Method

1. General Discussion

o. Principle: In a dilute orthophosphate

solution, ammonium molybdate reacts un-
der acid conditions to form 2 heteropoly
acid, molyhdophospharic ucid. In the

4
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Transfer to a S0-ml. volumetric flask. add
1S to 16 ml. alcoholic H.SO, solution.
swirl, add 0.50 mL (10 drops) dilute
stannous chloride reagent 1, swirl, and di-
lute to the mark with alcoholic H.SO,.
Mix thoroughly. After 10 min, but hefore
30 min, read agiinst the blank at 625 nm.
Prepare blank by carrying 40 ml. distilled
witter through the same procedure used
tfor the sample. Read phosphate concen-
tration from a calibration curve prepared
by taking known phosphate standards
through the same procedure used for sim-
ples.

PHOSPHORUS (TOTAL, DISSOLVED ORTHOPHOSPHATE) (Continued)
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5. Calculalion

Caleulate as tollows:

a. Direet procedure:

mg P (in approximately 104.5 mL
final volume) x 1000
T mL sample

mg /1. =

b. Extraction procedure:
mg P (in 50 mL finul
volume) x 1,000
/L. = ———— .
mg P mL sample

6. Precision and Accuracy
Sce Table 424:1.

424 F. Ascorbic Acid Method

1. General Discussion

a. Principle.  Ammonium - molybidate
and potassium antimonyl tartrate react in
acid medium with orthaphosphite to form
a heteropoly acid —phosphomolybdic
acid—that is reduced to intensely colored
molybdenum blue by ascorbic acid.

b. Imterference: Arsenites react with
the molybdate reagent to produce o blue
color similar to that formed with phos-
phate. Concentrations as low as (.1 mg ar-
senic/L interfere with the phosphate deter-
“mination. Hexavalent chromium and nit-
rite interferc to give results about 376 low
at concentrations of 1 mg/t. and 10 to 15%
low at 10 mg/L.. Sultide (Na.S) and silicate
do not interfere at concentrations of 1.0
and 10 mg/L.

. Minimum detectable concentration:
Approximately 10 up PILL P ranges are as
follows:

Approximate
P Range Light Path
mell. om
0.10-2.0 0.8
0.15-1.30 1.0
0.01-0.28 S.0

2. Apparatus

a. Colorimetric equipment: One of the
tollowing is reguired:

1} Spectrophotometer,  with  infrared
phototube for use at 880 nm, providing &
tight path of 2.5 ¢m or longer.

2) Filter photometer, equipped with &
red color filter and a light path of 0.5 cm or

longer.
b. Acid-washed glassware: See Method

D. 9 2h abaove.

3. Reagenls

a. Sulfuric acid. H.S0,, SN: Dilute 70
ml. conc H.SO, to 500 mL with distilled
water.

b. Patassivm antimonyl tartrate solu-
non: Dissolve 1.3715 g K(SbO)C,H,0O-
11:H,0 in 400 mL distilled water in a S00-
mL volumetric flask and dilute to volume.
Store in a glass-stoppered bottle.

¢ Ammaoninm molvbdate solution: Dis-
<olve 20 g (NH)«M0:04-4H,0 in 500 ml.
distilled water. Store in a glass-stoppered

bottle.
. Ascorbic acid, 0.01M: Dissolve 1.76

¢ ascorbic acid in 100 mL distilled water.
The solution is stable for about | week at
4C.

\l‘i
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v. Combined reagent: Mix the above
reagents in the following proportions for
100 mL of the combined reagent: SO ml.
3V H,80,, S mL potassium antimonyl! tar-
trate solution, 1S mL ammonium molyb-
date solution, and 30 mL ascorbic acid so-
ttion. Mix after addition of cach reagent.
Let all reagents reach room lemperature
before they are mixed and mix in the order
given. If turbidity forms in the combined
reagent, shake and let stand for a few min.
utes until wrbidity disappeurs before pro-
ceeding. The reagent is stable for 4 hr,

Jo Stock phasphate solution: See Meth.
od D, 1 3.

& Standard phosphate solution: Dilute
50.0 mL stock phosphate solution to 1,000
mL with distilled water; 1.00 mL = 2.50

ug P.

4. Procedure

a. Trearment of sample: Pipet 50.0 mL
sample into a clean, dry test tube or 125
mL erlenmeyer Nlask. Add 0.05 mL «
drop) phenolphthalein indicator. If a red
calor develops add SN H.SO, solution
dropwise 1o just discharge the color. Add
8.0 mL combined geagent and mix thor
oughly. After at least 10 min but no more
than 30 min, measure absorbance of cach
siumple at 880 nm, using reagent blank s
the reference solution.

bh. Corecction for turhidity or anrer
leving color. Natural color of water gene;-
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ally does not interfere at the high wave.
length used. For highly colored or turbid
waters, prepare i blunk by adding all re-
agents exceptascorbic acid amd antimony|
potassium tartrate 1o the sample. Subtract

blank abswibance from absarbance or

cach sample.

.o Preparation of calibration Curve.
Prepure individual calibration curves from
a series of six standards within the phos-
phate ranges indicated in Section 424F. i¢-.
Usc a distilled water blank with the com-
bined reagent, to make photometric read-
ings for the calibration curve. Plot absorb-
ance vs. phosphate concentration to give a
straight line passing through the origin.
Test al least one phosphate standard with
cuch set of samples.

5. Calculation
_mg P (in approximately 58 mL
I_ﬁ‘n_gu_l volume) x 1,000
ml. sample
6. Precision and Accuracy

mg Pl

The precision and accuracy values giv:
en in Table 424°0 are tor a single-solution
procedure given in the 13th edition. Proce.
dure 4241 diflers in reagent-to-sample ra-
Los, no addition of solvent, and acidity
conditions. It is superior in precision and
accuracy 1o the previous technic in the
analysis ol both distilled water and river
water at the 228 ug P/L level (Tabie
424:1.

Tam 1 24:101. Comparison OF PRECISION asD ACCURWY of A ORBIC ACID Moy

Relat .
Phosphorus chnve Relative
Concentrativn Nu of Standard E Y
Ascorbic Acid veniration, ALY Deviation % irror i
Filtrable Liabora.

Method
wupell.

13th Edition
(Edwards, Molof. 1K
and Schnceman)

Current method
(Murphy and 22K
Riley)

Orthophosphate tores Distilled

River Distilled River
Water Walter Water Waler

147 .17 4.01 2.08

m 1.7¢ 23K 1.19
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The physiological condition of the
aquatic community and the spectrum of
biological interactions must be consid-
cred. Earlier, numbers, species composi-
tion, and biomass were the prime consid-
crations. Recognition of the limitations of
this approach, however, led to the mea-
surement of rates of metabolic processes
such as.photosynthesis (productivity), ni-
trogen fixation, respiration, and electron
transport. These provide a better under-
standing of the complex nature of the
aquatic ecosystem. An indication of
photosynthetic efficiency can be deter-
mined by the productivity index (mg C
fixed/unit chlorophyll a).**

1. Nitrogen Fixation

The ability of an organism to fix nitro-
gen is a great competitive advantage and
plays a major role in population dynamics.
Two reliable methods for estimating nitro-
gen fixation rates in the laboratory are
the "N isotope tracer method™-' and the
acetylene reduction method.* Because
the rate of nitrogen fixation varies greatly
with different organisms and with the con-
centration of combined nitrogen, nitrogen
fixation rates cannot be used to estimate
biomass of nitrogen-fixing organisms.
However, the acetylene reduction method
is useful in measuring nitrogen budgets
and in algal assay work.*'

1002 |. Metabolic Rate Measurements

2. Productivity, Oxygen Method

Productivity is defined uas the rate at
which inorganic carbon is converted to an
organic form. Cholorphyll-bearing plants
(phytoplankton. periphyton, macro-
phytes) serve as primary producers in the
aquatic food chain. Photosvnthesis results
in the formation of a wide range of organic
compounds, release of oxygen, and deple-
tion of carbon dioxide (CQO.) in the sur-
rounding waters. Primuary productivity™
can be determined by measuring the
changes in oxygen and CO. concentra-
tions.™ In poorly buflfered waters. pH can
be a sensitive property for detecting varia-
tions in the system. As COQ. is removed
during photosynthesis, the pH rises. This
shift can be used to estimate both photo-
synthesis and respiration. ™ The sca and
many fresh waters are oo highly buflered
to make this useful, but it has been applied
successfully to productivity studies in
somc lake waters.

Two methods of meusuring the rate of

carbon uptake and net photosynthesis in
situ are: («) the oxygen method® and (h)
the carbon 14 method.™ In both methods,
clear (light) and darkened (dark) bottles
are filled with water samples and sus-
pended at regular depth intervals for an in-
cubation period of several hours or sam-
ples are incubated under controlled condi-
tions in environmental growth chambers

]

\
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in the Liboratory. liometer.

The basic reactions in algal photosyn- 2) Determine depth of euphotic zone
thesis involve uptake of inorganic carbon  (the region that receives 1% or more of
and release of oxygen, summarized by the  surface illumination) with a submarrne

relationship: photometer. Sclect depth intervals for
bottle placement. The photosynthesis-
CO; + HO ~ (CH,0), + O, depth curve will be closely approximated

. ) ) by placing sumples at intervals equal to
. The chief udv.:mmgcls of ‘h? OXYEBEN  one-tenth the depth of the euphotic zone.
method are that it provides estimates of  pqimate productivity in relatively shallow
gross and net productivity and respiration  y.ier with fewer depth intervals.
and that analyses can be performed with
inexpensive laboratory equipment and
common rcagents. The DO concentration
is determined at the beginning and end of
the incubation period. Productivity is cal- .

P . y sample bottle and fill so that three volumes

culiated on the assumption that one atom

. Lo . of water are allowed (o overflow. Remove
ot carbon is assimilated for each molecule

. tube slowly and close bottle. Use water
of oxygen released. . ey

from the same grab sample to fill a “*set

a. Lgupment; . > L
1) BOD botles. numbered. 300-mlL. (one light, one dark. and one initial bottle).

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 use, rinse with the water being test-
ed. Do not use phosphorus-containing de-
tergents.

Il suitable vpaque bottles are not aval-
able. make clear BOD bottles opaque by
puainting them black and wrapping with 5) Suspend duplicate paired clear and
black waterproof tape. As a further pre-  darkened bottles at the depth from which
caution, wrap the catire bottle in alumi-  the samples were taken and incubate for at
num foil or place in a light-excluding con-  least 2 hr, but never longer than it takes

J) Introduce samples taken from each
preselected depth into duplicate clear.,
darkened. and initial-analysis bottles. In-
sert delivery tube of sampler to bottom’of

4) Immediately treat (fix) samples taken
for the chemical determination of initial
dissolved oxygen (see Dissolved Oxygen.
Section 421) with manganous sulfate
(MnSO0,). alkaline iodide, and sulfuric acid
(H:S50,) or check with an oxygen probe.
Analyses may be delayed several hours il
necessary, if sumples are fixed or iced and
stored in the dark.

tainer during incubation, for oxygen-gas bubbles to form in the clear

2) Supporting line or rack that does not — bottles or DO to be depleted in the dark
shade the suspended bottles. bottles.

3 Nonmertallic opague acrylic Van 6) At the end of the exposure period.
Dorn sampler or equivalent, of 3- to 5-L immediately determine DO as described
capacity. above,

) Equipment and ceagents for dis- ¢. Caleadations: The increase in oxygen
solved oxygen determinations (see Section  cgneentration in the light bottle during in-
42h. cubattion s 4 measure of net production

Sy Pyreleliomerer. which, because of the concurrent use of

6) Submuarine photeneter. oxygen in respiration, is somewhat less

b, Procedure: than the total (or gross) production. The

D Obtain a profile of the input of solar  loss of oxygen in the dark bottle is used as
radiation for the photoperiod with a pyrhe-  an estimate of respiration. Thus:

Note: Instead of using a pyrheliometer, researchers should take solar monitor
readings at the start gnd g%d of a 10:00 AM - 2:00 PM incubation period and for the

entire photoperiod. If a submarine photometer is unavailable, suspend bottles at
mid-depth (45 cm).
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PRIMARY PRODUCTIVITY (Continued)

Net photosynthesis = light bottle 1)O - initial
' DO
Respiration = initial DQ - dark bottle DO
Gross photosynthesis = light bottle DO - dark
hottle DO

Average results from duplicates.
1) Calculate the gross or net praduction
{or cach incubation depth and plot:

mg carbon fixed/m*
= mg oxygen ~zleased/L x 12/32 x [, (X0

Use the factor 12/32 1o convert oxygen to
carbon: | mole of O, (32 g) is released for
cach mole of carbon (12 g) fixed.

2) Productivity is defined as the rate of
production and generally is reported in
grams carbon fixed per square meter per
day. Determine the productivity of a verti-
cal column of water | m squire by plotting
productivity for each exposure depth and
graphically integrating the area under the
curve.

3) Using the solar radiation profile and
photosynthesis rate during incubation ad-
just the data to represent phytoplankton
productivity for the entire photoperiod.
Because photosynthetic rates vary widely
during the daily cycle ™ do not attempt
to convert data to other test circum-
stunces.
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ANALYTICAL METHOD
PRIMARY PRODUCTIVITY, MODIFIED DIURNAL CURVE METHOD

REFERENCE
McConnell, William J. 1962. Productivity relations in carboy microcasms.
Limnol. Oceanogr. 7:35-43.

Welch, Harold E. 1968. Use of modified diurnal curves for the measurement of
metabolism in standing water. Limnol. Oceanogr. 13:679-687.

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 t... 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

aad
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PRIMARY PRODUCTIVITY, MODIFIED DIURNAL CURVE METHOD (Continued)

photosynthesis rates can be determined by graphing the three oxygen measure-
ments 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 pPost-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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Figure 1. Graphic determination of gross photosynthesis (G.P.)

from dissolved oxygen (D.0.) concentrations at sun-
set, sunrise, and sunset during a 24 hour period.
Measured D.0. concentrations indicated by filled
circles. The slope of line AB equals the rate of
respiration and the slope of line BC equals the
rate of gross daylight photosynthesis. Vaiues not
corrected for diffusion. Modified from McConnell
(1962).
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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-
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ferred over other methods using oxidants
because of superior oxidizability. appli-
cability to a wide variety of samples, and
ease of manipulation. The test is most use-
ful for monitoring and control. especially
after correlations with constitnents'? such
as BOD and organic carbon have been de-
veloped. For most organic compounds
oxidation is 95 to 1009 of the theoretical
value.** Pyridine is not oxidized.* Ben-
zene and other volatile organics are oxi-



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. 1akes 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 Jower with conc sulfu-
ric acid (H.SO,). Make preliminary dilu.
tions 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.0;). After digestion the remaining
unreduced K.Cr.O; is titrated with ferrous
ammonium sulfate (FAS). the amount of
K,Cr,O: consumed is determined. and the
amount of oxidizable organic matter is cal-
culated in terms of oxygen equivalent.

b. Interferences and 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.S0O,) is added as a
catalyst. However. Ag.SO, 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-
pietely, overcome bv complexing with
mercuric sulfate (HgSO,) before the re-
fluxing procedure.* Do not use the test for

36

samples containing more than 2.000 mg
chloride/L.

Nitrite (NO;~) exerts a COD of 1.1 mg
O./mg NO.™-N. Because concentrations
of NO," in polluted waters rarely exceed
1 or 2 mg NO., -N/L the interference is
considered insignificant and usually is ig-
nored. To eliminate a significant inter-
ference due to NO,~, 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.
elc., are oxidized quantitatively under the
test conditions. For samples containing
significant levels of these species, stoi-
chiometric oxidation can be assumed
fro.n known initial concentration of the in-
terfering species and corrections can be
made to the COD value obtained.

. Minimum detectable concentration:
Determine COD values of >50 mg/L using
0.250N K.Cr.0:. With 0.025N K.Cr.O;.
COD values from 5 to 50 mg/L can be de-
termined but with lesser accuracy.”

2. Apparatus
Reflux apparatus. consisting of 500-mL



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 sufficient power to produce at
least 1.4 Wicm* of heating surface. or
equivalent.

3. Reagents

a. Standard porassium dichromate solu-
tion. 0.250N: Dissolve 12.259 g K.Cr.O-,
primary standard grade, previously dried
at 103 C for 2 hr. in distilled water and
dilute to 1.000 mL.

b. Silver sulfate. Ag,SO,. reagent or
technical grade. crystals or powder.

¢. Sulturic acid reagent: Add Ag.S0,10
conc H.SO, at the rate of 22 g Ag,S0/4 kg
bottle. Let stand | to 2 days to dissolve
Ag.S0,.

d. Sulturic acid. H.SO,, conc.

e. Ferroin indicator solution: Dissolve
1.485 g 1.10-phenanthroline monohydrate
and 695 mg FeSO,-7H.O in distilled water
and dilute to 100 mL. This indicator solu-
tion may be purchased already prepared.:

S Standard ferrous ammonium sulfate
titrant, approximately 0.25V: Dissolve 98
g Fe(NH,):(50,),-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 K.Cr.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, and cool. Titrate with FAS titrant,
using 0.10t0 0.15mL (210 3 drops) ferroin
indicator.

Normality of FAS solution
Volume 0.25V K,Cr,0,

solution titrated. mL x
Volume FAS used in titration, mL

0.25

*Corning 5000 or equivalent.
tComing 2360, 91548, or equivalent.
$G. F. Smith Chemical Co., Columbus. Ohio.

8. Mercuric sulfure: HgSO,, crystals or
powder.

h. Sulfamic acid: Required only if the
interference of nitrites is to be eliminated
(see 1 15 above).

i. Potassium hydrogen phthalate stan-
dard: Lightly crush and then dry potas-
sium acid phthalate (HOOCC,H,COOK)
to constant weight at 120 C. dissolve 325
mg in distilled water, and dilute to 1.000
mL. Potassium hydrogen phthalate has a
theoretical COD of 1.176 g Oyg and this
solution has a theoretical COD of 500 mg
Oy/L. Prepare fresh for each use.

4, Procedure

a. Treatment of samples with 50 mg
CODIL: Place 50.0 m'. sample (for sam-
ples with COD >500 ng COD/L, use a
smaller sample portion ciluted to 50.0 mL)
in the 500-mL refluxing flask. Add | 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 K.Cr.O-
solution and mix. Attach flask to condens-
er and tum on cooling water. Add remain-
ing sulfuric acid reagent (70 mL) through
open end of condenser. Continue swirling
and mixing while adding suifuric acid re-
agent. CAUTION: Mix reflux mixture thor-
oughly before upplving heat to prevent lo-
cal heating of flusk bottom and a possible
blowout of flusk 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 as
outlined above,

Use 1 g HgSO, with a 50.0-mL sample
to complex up to a maximum of 100 mg
chloride (2,000 mg/L) For smaller samples
use less HgSO,, according to the chloride
concentration: maintain a 10:1 ratio of
HgSO,:Cl. A slight precipitate does not
affect the determination adverselv. Gener-
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TABLE 508:I. REAGENT QUANTITIES AND NORMALITIES FOR VARIOUS SAMPLE SIZES

Final
0.25N Sulfuric Normalit Volume
Sample Standard Acid [ y before
Size Dichromate Reagent HgSO, F?\S Titration
mL " mL mL 2 mlL
10.0 5.0 15 0.2 0.05 70
20.0 10.0 30 0.4 0.10 140
30.0 15.0 45 0.6 0.15 210

ann “n n n

- - s

AN A an ann

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 roor: temperature
and titrate excess K.Cr.O; 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 low-COD
sumples: Follow the above procedure.
§ 4u. with two exceptions: (/) Use stan-
dard 0.025N K.Cr.O:, and (/i) 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.
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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
HgSO, 10 be added (before concentration)
on the basis of a weight ratio of 10:1,
HgSO,:Cl, 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.

¢. 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
mL sample

mg COD/L =

where:
A = volume FAS used for blank. mL,
B = volume FAS used for sample. mL. and
N = normality of FAS.

C

/
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6. Precision and Accuracy

A set of synthetic samples containiag

potassium hydrogen phthalate and NaCl
was tested by 74 laboratories.® At 200 mg
COD/L in the absence of chloride, the

"~

508 B.

. MooRe, W.A.. R. C. KrRoNER & C.C.

RUCHHOFT. 1949. Dichromate reflux meth-
od for determination of oxygen consumed.
Anal. Chem, 21:953.

. MooRE. W.A., F. J. Lupzack &

C.C. RUCHHOFT. 1951. Determination of
oxygen-consumed values of organic wastes.
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standard deviation was = |3 mg/L (coeffi-
cient of variation, 6.5%). At 160 mg COD/L
and 100 mg chloride/L the standard de-
viation was = 14 mg/L (coefficient of vari-
ation, 10.8%).
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209 RESIDUE

The term “‘residue’’ refers to solid mat-
ter suspended or dissolved in water or
wastewater. Residue may affect water or
effluent quality adversely in a number of
ways. Waters with high residue generally
are of inferior palatability and may induce
an unfavorable physiological reaction in
the transient consumer. Highly mineral-
ized waters also are unsuitable for many
industrial applications. For these reasons,
a limit of 500 mg residue/L is desirable for
drinking waters. Waters with very high
levels of nonfiltrable residues may be es-
thetically unsatisfactory for such purposes
as bathing.

1. Definitions

*Total residue™ is the term applied to

the material left in the vessel after evapo-
ration of a sample and its subsequent
drying in an oven at a delined temper-
ature. Tota! residue includes **nonfiltrable
residue,”” that is, the portion of total resi-
due retained by a hilter, and *“*liltrable resi-
due.” the portion of total residue that
passes through the filter.

The carlier-used terms ‘‘suspended’
and **dissolved™ (residue) correspond to
nonliltrable and filtrable residue. respec-
tively. The chemical and physical nature
of the material in suspension, the pore size
of the filter, the area and thickness of the
filter mat. and the amount and physical
state of the materiais deposited on it are
the principal factors affecting separation
of nonliltrable from filtrable residue. A

RESIDUE

method designed to contro! all variables
affecting filtration would be too cumber-
some for practical usc. It must be recog-
nized, therefore. that residue determina-
tions are not subject to the usual criteria of
accuracy. The types of residue are delined
arbitrarily by the methods used for their
determination, and these in turn represent
practical approaches to what otherwise
would be exceedingly complex opera-
tions.

2. Sources of Error and Variability

Analyses performed for some special
purposes may demand deviation from the
stated procedures to include an unusual
constituent with the measured residue.
Whenever such variations of technic are
introduced, record and present them with
the results.

In interpreting results, recognize the fol-
lowing sources of error: Results for total,
volatile, and fixed residues are suhject to
considerable error because of losses of
volatile compounds during evaporation
and of carbon dioxide (CQ3) and volatile
minerals during ignition: results for resi-
dues high in oil or grease content may be
questionable because of the difliculty of
drying to constant weight in a reasonable
time.

The temperature at which the residue is
dried has an important bearing on results,
because weight losses due to volatilization
of organic matter, mechanically occluded
water, water of crystallization, and gases
from heat-induced chemical decomposi-
tion, as well as weight gains due to oxida-
tion. depend on temperature and time of
heating. A choice of two drying temper-
atures is provided and the analyst should
be familiar with the probable effects of
each.

“Fixed residue’ —the residue remain-
ing after ignition for 1 hr at 550 * 50 C—
does not distinguish precisely between or-
ganic and inorganic residue because the
loss on ignition is not confincd to arganic
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matter. It includes losses due to decompo-
sition or volatilization of certain mineral
salts. A better characterization of the
organic matter in water can be made by
mecthods such as total organic carbon,.
BOD, or COD, described in Scctions 50§,
507, and 508, respectively.

Conductivity meastirements are approx-
imately proportional to the filtrable resi-
due and may be used in selecting proper
sample size for residuc determinations.
However, close correlation of results of
the two tests is not obtained always.

An additional possibility for checking
fixed filtrable residue is by use of ion-¢ex-
change procedures described in the In-
troduction, Section 106.

Selection of drving temperatnre: The
methods described are gravimetric and
permit a choice of drying temperature.

Residues dried at 103 to 105 C may re-
tain not only water of crystallization but
also some mechanically occtuded water.
Loss of CO. will result in conversion of
bicarhonate to carbonate. Loss of organic
matter by volatilization usually will be
very slight at this temperature. Beciause
removal of occluded water is marginal at
105 C. attainment of constant weight is
very slow.

Residues dried at 180 * 2 C will iose al-
most all mechanically occluded water.
Some water of crystallization may remain,
especially if sulfates are present. Organic
matter is lost by volatilization but is not
completely destroyed. Bicarbonates are
converted to carbonates and carbonates
may be decomposed partially to oxides or
basic salts. Some chloride and nitrate salts
may be lost. In general, evaporating and
drying water samples at 180 C yields val-
ues for total residue closer to those obtain-
ed through summation of individually de-
termined mineral species than the values
for total residue secured through drying at
a lower temperature,

Select drying temperature best suited to
the sample. IExamine waters low in organ-



ic matter and total mineral content and in-
tended for human consumption at either
temperature, but dry waters containing
considerable mineral salts or those with
pH over 9.0 at the higher temperature. In
any casc, report drying temperature.

3. Sample Handling and Preservation

Begin analysis as soon as possible be-
cause of the impracticality of preserving
the sample. Exclude large floating parti-
cles or submerged agglomerates of non-
homogencous materials from the sample
in Mcthods A, D, and E.

Water has considerable solvent action
on glass. Use resistant-glass bottles or
plastic bottles provided that the material
in suspension does not adhere to container
walls. Analyze samples likely to contain
iron or manganese promptly to minim;-e
the possibility of chemical or physical
change during storage.

4. Seleclion of Method
Methods A through F are suitable for

PHYS:CAL EXAMINATION (200)

the determination of residue in potable,
surface, and saline waters, as well as do-
mestic and industrial wastewaters in the
range up to 20,000 mg/L.

Historically, Method C, deterniining to-
tal filtrable residue dried at 103 to 105 C
has been used by most laboratories. Be-
cause of problems discussed above, Meth-
od B, specilying that the residue be dried
at 180 C, is preferable for drinking waters,
waters low in organic matter, and waters
with high mineral content.

Method G is applicable to determining
volatile and fixed fractions in sediments,
suspended matter, and solid and semisolid
materials produced during water and
wastewater treatment.

The amount and type of suspended mat-
ter, the purpose of the analysis, and the
relative ease of making the determination
will dictate whether the nonlfiltrable resi-
tue is obtained directly or by calculation
of the difference between total and filtrable
residues.

209 A. Total Residue Dried at 103-105 C

1. Generat Discussion

a. Principle: A well-mixed samnple is
evaporated in a weighed dish and dried to
constani weight in an oven at 103 10 105 C.
The increase in weight aver that of the
emply dish represents the total residue,
Although the results may not represent the
weight of actual dissolved and suspended
solids in wastewater samples. the determi-
nation is useful for plant control. In some
instarices, correlation may be improved by
adding IN sodium hydroxide (NaOH) to
wastewater samples with a pli below 4.3
and maintaining the pH of 4.3 during evap-
oration. Correct final calculation for added
sodium.

b. Interferences: Exclude large, float-

ing particles or submerged agglomzrates
of nonhomogeneous maleriais from the
sample. Disperse visible floating oil and
grease with a blender before withdrawing
a sample portion for analysis.

2. Apparatus

a. Evaporating dishes: Dishes of 100-
mL capacity made of the following materi-
als:

1) Porcelain, 90-mm diam.

2) Platinum—Generally satisfactory for
all purposes.

1) High-silica glass.*

'Vyc;r i;mducl of Corning Glass Works, Corning,
N.Y., or equivaient.

RESIDUE(Total Filtrable

b. Muffle furnace for operation at 550 =
so0cC.

c. Steam bath.,

d. Drying oven, for operation at 103 (o
105 C.

e. Desiccator, provided with a desic-
cant containing a color indicator of mois-
ture concentration.

J. Anaiviical balance, 200-g capacity,
capable of weighing 10 0.1 mg.

3. Procedure

a. Ignite clean evaporating dish at 550
£ 50 Cfor 1 hr in a muffle furnace.

b. Cool, desiccate, weigh, and store
dish in desiccator until ready for use.

c. Transfer a measured volume of
sample to preweighed dish and evaporate
to dryness on a steam bath or in a drying
oven. Choose a sample volume that will
yield a residue between 2.5 mg and 200
mg. Volume required may be estimated
from conduclivity. If necessary, add stuc-
cessive sample portions to the same dish.
When evaporating in a drying oven, lower
lemperature to approximately 2 C below
boiling to prevent splattering.
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d. Dry evaporated sample for at least 1
hr at 103 to 105 C.

¢. Cool dish in desiccator to balance
temperature and weigh,

. Repeat cycle of drying at 103 1o
105 C, coouling, desiccating, and weighing
until a constant weight is obtained, or until
weight loss is less than 49 of previous
weight,

4. Calculation
(A = B) x 1,000
sample volume, mL

mg total residue/L. =

where:
A = weight of sample + dish, mg, and
B = weight of dish, mg.

5. Precision and Accuracy

Precision is about *4 mgor £5%. When
the residue from a 50- 1o 100-mL sample of
raw sewage was weighed, the standard de-
viation of the weighing was 1.9 mg(n = 3;
60 % 10), but the data are considered sta-
tistically unreliable because of sampling
errors. On settled effluents a statistically
reliable standard deviation of 0.9 mg
(1= 1,5 x 20) was found,

209 B. Total Filtrable Residue Dried at 180 C

. General Discussion

Filtrable residue is materia) that passes
irough a standard glass fiber filter and re-
ains after evaporation and drying to con-
ant weight at 180 C.' The determined
tlues may not check with the theoretical
e for solids calculated from chemical
ialysis of water. Approximate methods
rcorrelating chemical analysis with resi-
le are available.?

The filtrate from the total nonfiltrable
sidue (Section 209D) may be used for
termination of total filtrable residue.

Interferences: Highly mineralized wa-
ters with a considerable calcium, magne-
sium, chloride, and/or sulfate content may
be hygroscopic and require prolonged
drying, proper desiccation, and rapid
weighing. Samples high in bicarbonate re-
quire careful and possibly prolonged
drying at 180 C to insure complete con-
version of bicarbonate to carbonale.

2. Apparatus

All of the apparatus listed in Section
209A.2 is required and in addition:
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a. Glass-fiber filters*, circular, withowt
organic binder.

b. Filtration apparatus suitable for fil-
ter selected:

1) Filter holder: Gooch crucible adapter
or membrane filter funnel.

2) Gooch crucible, 25-mL to 40-mL ca-
pacity, suitable for filter size selected.

c. Suction flask, 500-mL capacity.

3. Procedure

a. Preparation  of  glass-fiber  filter:
Place filter either on membrane filter appa-
ratus or bottom of a suitable Gooch cru-
cible. Apply vacuum and wash filter with
three successive 20-mlb. volumes of dis-
tilled water. Continue suction to remove
all traces of water. Discard washings.

b. Preparation of evaporating dish: Ig-
nite cleaned evaporating dish at 550 =
50 Cfor 1 hrin a muMe furnace. Cool and
store in desiccator until needed. Weigh
immediately before use.

PHYSICAL EXAMINATION (200)

yielding between 2.5 mg and 200 mg total
filtrable residue. If sample contains less
than 10 mg filtrable residue/l., use 250 mL.
Under vacuum, filter well-mixed sample
through glass-fiber filter, wash with three
successive 10-mL volumes of distilled wa-
ter, and continue suction for about 3 min
after filtration is complete. Transfer fil-
trate to a weighed evaporating dish and
evaporale to dryness on a steam bath. Dry
for at least 1 hr in an oven at 180 = 2 C,
cool in a desiccator to balance temper-
ature, and weigh. Repeat drying cycle un-
til a constant weight is obtained or until
weight loss is less than 4% of previous
weight or 0.5 mg, whichever is less. Base
calculation on original sample volume be-
cause all filtrate is evaporated.

4. Calculation

mg total filtrable residue at 180 C/L

RESIDUE/Tota! Volatile & Fixed

pended material clogs the filter and pro-
longs filtration, the difference between the
total residue and the total filtrable residue
provides an estimate of the total non-
filtrable residue.

Volatile nonlfiltrable residue and fixed
nonfiltrable residue can be determined on
the material retained on the glass-fiber fil-
ters in the Gooch crucibles on completion
of the drying at 103 to 105 C.

2. Apparatus

Apparatus listed in Sections 209A.2 and
209B.2 is required.

3. Procedure

a. Preparation  of glass-fiher  filter:
Place filter either on membrane filter appa-
ratus or the bottom of a suitable Gooch
crucible. Apply vacuum and wash filter
with three successive 20-ml. portions of
distilled water. Continue suction to re-
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from membrane filter funnel assembly and
transfer to an aluminum Jr stainless steel
planchet as a support. Alternatively re-
move crucible and filter combination from
crucible adapter if a Gooch crucible i
used. Dry for at least I hr at 103 to 105 C,
cool in a desiccator to balance temper-
ature, and weigh. Repeat drying cycle un-
til a constant weight is attained or until
weight loss is less than 4% of previous
weight, or 0.5 mg, whichever is less.

c. The dried residue in the Gooch cru-
cible may be used for determining volatile
and fixed matter at 550 C in Section
209G.3h4).

4. Calculation

mg total nonfiltrable residue/L.

(A - B) x 1,000
sample volume, mL

~ move all traces of water, and discard where:
ro . Sample (lll(ll_\‘.\‘i.\‘.‘.BCC:«.\IISC excessive (A = B) x 1,000 washings. Remove filter from membrane A = weight of filter + residue, mg, and
residue in the e\{uporalmg dish may form a = sample volume, mL filter apparatus and transfer to an alumi- B = weight of filter, mg.
waler-entrapping crust, use a sample num or stainless steel planchet as a sup-
. port. Remove crucible and filter combina- -
e _ ' whcr:.= weight of dricd residue + dish, mg. tion if a Gooch crucible is used. Dry in an 5. Precision and Accuracy
rvhatman grade 934AH and 9R41; Gelman type AJE: 4 ovenat 103 to 105 C for I hr. Store in des-  The precision of the determination var-
Millipore type AP40: or equivalent. Available in diam- an . . L, . . . . .
etess of 2.2-cm to 4.7-cm. B = weight of dish, mg. iccator until needed. Weigh immediately  ies directly with the concentration of sus-
before use. pended matter. The standard deviation
h. Sample treatment: Because exces- was 5.2 mg/L (coefficient of variation 3397
sive residue on the filter may entrap water  at 15 mg/L. 24 mg/L. (1072) at 242 mg/L,
209 C. TotalFiltrable Residue Dried at 103-105 C and extend drying time, take for analysisa  and 13 mg/L (0.76%) at 1,707 mg/L (1 = 2-
sample volume that will yield between 2.5 4 % 10). There is no satisfactory proce-
Follosw procedure described in Section  ries, a synthetic sample containing (34 mg mg and 200 mg total nonfiltrable residue.  dure for obtaining the accuracy of the
209B. Dry filtrate at 103 to 105 C instead filtrable residue/L. was analyzed at a As a practical limit, filter 100 mL of well- method on wastewater samples because
of 180 C. drying temperature of 103 to 105 C with a mixed sample under vacuum. Wash filter the true concentration of suspended mat-
Precision and accuracy: In 18 laborato-  standard deviation of 13 mg/L. with three successive 10-mL portions of ter is unknown. Sce Section 209A.5 for
distilled water. Carefully remove filter other comments.
209 D. Total Nonfiltrable Residue Dried at 103-105 C '
(Total Suspended Matter) 209 E. Total Volatile and Fixed Residue at 550 C
~ i. General Discussion material on a standard glass-fiber filter af- 1. General Discussion the total residue of Mcthod A may be de-

ter filtration of a well-mixed sample. The

termined by igniting the sample at 550 +
residue is dried at 103 to 105 C. If the sus-

Total nonfiltrable residue is the retained 50 C. The determination is useful in con-

/\6 The volatile and fixed components in

-~



o
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trol of wastewaler treatment plant opera-
tion because it offers a rough approxima-
tion of the amount of organic matter pres-
ent in the solid fraction of wastewater,
activated sludge, and industrial wastes.

2. Apparalus
Sce Scctions 209A.2 and 209B.2,

3. Procedure

Ignite residuc produced by Method A to
constant weight in a muffle furnace at a
temperature of $50 * 50 C. Constant
weight has been reached when two suc-
cessive weighings do not differ by more
than 47 . Have furnace up to temperature
belore inserting sample. Usually, 15 to 20
min ignition are required. Let dish cool
partially in air unti) most of the heat has
been dissipated. Transfer to a desiccator
for final cooling in a dry atmosphere. Do
not overload desiccator. Weigh dish as

S soon as it has cooled completely. Report

-

PHYSICAL EXAMINATION (200)

loss of weight on ignition as total volatile
residue and weighed residue as total lixed
residue.

4. Calculation

v = B) x 1,000
sample volume, mL

(B - ) x 1,000
sample volume, mL

mg volatile residue/L. =

mg lixed residuc/L =

where:
A = weight of residue + dish before igni-
tion, mg,
B = weight of residue + dish after igni-
tion, mg, and
C = weight of dish, mg.

5. Precision and Accuracy

Three laboratories examined four sam-
ples by means of 10 replicates with a stan-
dard deviation of 11 mg/1. at 170 mg/L vol-
atile residue concentration.

209 F. Settleable Matter

1. General Discussion

Settieable matter in surface and saline
waters as well as domestic and industrial
wistes may be determined and reported
on cither a volume (milliliters per liter) or
a weight (milligrams per liter) basis.

2. Apparalus

The apparatus listed under Sections
2APA.2 and 209B.2. and an Imhoff cone,
are required for a gravimetric test. ‘The
volumetric test requires only an Imholl
cone.

3. Procedure

a. By volume: Fill an Imhofl cone to,the
1-1. mark with a thoroughly mixed sample,
Settle for 45 min, gently stir sides of cone

with a rod or by spinning, settle 1S min
longer, and record volume of settleable
matter in the cone as milliliters per liter. If
the settled matter contains pockets of lig-
uid between large settled particles, esti-
mate volume of these and subtract from
volume of settled matter. ‘Ihe practical
lower limit of measurement is about 1 mlJ/
.. Where a separation of settleable and
Noating materials occurs, do not estimate
the floating material as settleable matter.

b. By weighe:

1} Determine total nonfiltrable residue
of well-mixed sample (Section 2091)),

2} Pour a well-mixed sample into a glass
vessel of not less than 9 em diam. Use a
simple of not less than 1| 1. and suflicient
1o give a depth of 20 cm. Alternatively use
a ghiss vessel of greater diameter and a

RESIDUE/Nonliltrable Volatile & Fixed Matter

larger volume of sample. Let stand quics-
cent for 1 hr and, without disturbing the
seltled or floating material, siphon 250 mL
from center of container at a point halfway
between the surface of the setiled sludge
and the liquid surface. Determine non-
filtrable residue (milligrams per liter) of
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this supernatant liquor (Section 2091)).
This is the nonsettling matter.

4. Calculation

mg settleable matter/L
= mg suspended malter/l.
= mg nonscttleable matter/L

209 G. Volatile and Fixed Matter in Nonfiltrable Residue and in
Solid and Semisolid Samples

1. General Discussion

This method is applicable to the delter-
mination of total residue on evaporation
and its fixed and volatile fractions in such
solid and semisolid samples as river and
lake sediments, sludges separated from
water and wastewater treatment process-
es, and sludge cakes from vacuum filtra-
tien, centrifugation, or other sludge dewa-
tering processes.

The determination of both total and vol-
atile residue in these materials is subject to
negative error due to loss of ammonium
carbonate [(NH,),CO,] and volatile organ-
ic matter while drying. Although this is
true also for wastewater, the eflect tends
to be more pronounced with scdiments,
and especially with sludges and shulge
cakes.

The mass of organic malter recavered
from studge and sediment requtires a long-
er ignition time than that specified for resi-
due from wastewaters, ellluents, or pol-
luted waters. Carefully observe specitied
ignition time and temperature to control
losses of volatile inorganic salts.

Make all weighings quickly because wet
samples tend to lose weight by evapora-
tion. Alter drying or ignition, residues of-
ten are very hygroscopic and rapidly ab-
sorb moisture from the air.

2. Apparatus
See Sections 209A.2 and 2098.2.

3. Procedure

a. Solid and semisolid samples:

1) Total residue and moisture —

a) Preparation of evaporating dish—Ig-
nite a clean evaporating dish at 550 = 50 C
for 1 hrin a muMe 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 mg. Evaporate to
dryness on a water bath, dry at 103 C for |
hr. cool in an individual desicecator con-
taining fresh desiccant, and weigh.

¢) Solid samples—If the sample con-
sists of discrete pieces of solid material
(dewatered sludge. for example), tauke
cores from cach picce with a No. 7 cork
borer or pulverize the entire sample
coarsely on a clean surface by hand, using
rubber gloves. Place 25 1o 50 g in a pre-
pared evaporating dish and weigh to the
nearest 10 mg. Place in an oven at 103 C
overnight. Cool in an individual desiceator
containing fresh desiceant and weigh. Pro-
longed heating may result in a loss of vola-
tile organic matter and (NI1,).CO,, but
it usually is necessary to dry samples
thoroughly.

2} Volutile residue—Determine volatile
residue, including organic matter and vol-
atile inorganic salts, on the total residue


http:Nil,).CO
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obtained in 1) above. Avoid loss of solids
by decrepitation by placing dish in a cool
muflle furnace, heating furnace to 550 C,
and igniting for 60 min. (First ignite sam-

- ples containing large amounts of organic
-matler 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
residue.

b. Nonfiltranle
matter):

1) Preparation of glass-liber filter—
Place a glass-fiber filter in a membrane fil-
ter holder, Hirsch funnel, or Buchner fun-
nel, with wrinkled surface of filter facing
upward. Apply vacumm to ihe assembled
apparatus to seat filter. With vacuum ap-
plicd. wash lilter with three successive 20-
mL portions of distilled water. After the
water has (iltered through, disconnect vac-
uum, remove filter. transfer to an alumi-
num or stainless steel planchet as a sup-
port, and dry in an oven at 103 C for | hr
(30 min in a mechanical convection oven).
If volatile matter is not to be determined,
cool filter in a desiccator to balance tem-
perature and weigh. If volatile matter is to
be determined. transfer filter to a muflle
{urnace and ignite at 550 C for 15 min. Re-
move lilter from furnace. place in a desic-
sator until cooled to balance temperature.,
and weigh.

2) Treatment of sample—FExcept for
samples that contain high concentrations
of filtrable matter, or that filter very slow-
ly. select a sample volume =14 ml/cm?
filter area.

Place prepared filter in membrane filter
holder, Hirsch funnel, or Buchner funnel,
with wrinkled surface upward. With vacu-
um applied, wet filier with distilled water
to seat it against holder or funnel. Measure
well-mixed sample with a wide-tip pipet
or graduated cylinder. Filter sample
through filter using suction. Leaving suc-

residue  (suspended

PHYSICAL EXAMINATION (200) SALINITY

tion on, wash apparatus :hree times with
10-mL portions of distilled water. allowing
compiete drainage between washings. Dis-
continue suction, remove filter and dry to
constant weight (see 209B.3¢) at 103 C for
1 hr in an oven (30 min in a mechanical
convection oven). After drying, cool filter
in a desiccator to balance temperature and
weigh.

3 Filtration with Gooch crucibles— Al-
ternatively, use glass-fiber filters of 2.2 or
2.4 cm diam with Gooch crucibles and fol-
low the procedure in Section 209D.3).

4) lgnition—Ignite filter with its non-
filtrable residve (total suspended matter)
for 15 min at 550 = 50 C, transfer to a des-
iccator, cool to balance temperature, and
weigh,
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4. Calculation

a. Solid and semisolid samples:

% total residue = A4 x 100
(A -0 x 100
A

€ x 100

% volatile residue =
%% fixed residue =

b. Nonfiltrable residue (suspended mat-
ter):

s

mg nonlfiltrable volatile residuesL
_D = E) x 1,000
sample volume, ml
mg nonfiltrable fixed residue/L
C x 1,000
- sample volume, mi.

cEoeg:

s

Salinity is an important measuremeni in
the analysis of certain industrial wasles
and seawater. It is defined as the total sol-
ids in water after all carbonates have been
converted to oxides, all bromide and io-
dide have been replaced by chloride, and

where:
A = weight of dricd solids, mg,

B = weight of wet sample, mg, all organic matter has been oxidized. It is
C = weight of ash, mg, numerically smaller than the filtrable resi-
D = weight of residue before ignition, mg, due and usually is reported as grams per

and
£ = weight of residue after ignition, mg.

kilogram or parts per thousand (%ov).
Associated terms are chlorinity, which
includes chloride. bromide, and iodide, all
reported as chloride, and chlorosity,
which is the chlorinity multiplied by the

5. Precision and Accuracy
See Section 209D.5.
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210 SALINITY

water density at 20 C. An empirical rela-
tionship' between salinity and chlorinity
often is used:

Salinity, %0 = 0.03 + 1.805 (chlorinity, %ao)

Selection of method: Three procedures
are presented. The electrical conductivity
(A) and hydrometric (B) methods are suit-
ed for field use along a shoreline or in a
small boat. For laboratory or field analysis
of estuarine or coastal inlet waters the ar-
gentometric method (C) is recommended.



