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FOREWORD

The accomplishment of our objectives in protecting the environment requires an awarencss of the
interdependence of the components we seek to protect-air, water, and land. Through individual

and joint efforts the National Environmental Rescarch Centers provide this multidisciplinary focus
through programs engaged in

studies on the effects of environmental contaminants on man and the biosphere,
the development of efficient means of monitoring these contaminants, and

a scarch for more effective ways to prevent undesirable modification of the environiment
and the recycling of valuable resources.

This chemical methods manual was developed by the stalf of the Fnvironmental Monitoring and
Support Laboratory, formerly known as the Mcthods Development and Quahty Assurance Research
Laboratory (MDQARL) of the National Environmental Rescarch Center, Cincinnati, to provide
methodology for monitoring the quality of our Nation’s waters and to determine the impact of
waste discharges. The test procedurcs have been carefully selected to meet the needs of laboratories
engaged in protecting the aquatic environment. The contributions and counsel of scientists

in other EPA laboratories are gratefully acknowledged.

The manual is published and distributed by the Office of Technology Transfer, as one of a scries
designed to insure that the latest technologies developed by EPA and private industry are disseminated
to states, municipalitics and industrics who are responsible for environmental pollution control.,
The other manuals in this series are:

Handbook for Monitoring Industrial Wastewater

Handbook for Analytical Quality Control in Water and Wastewater Laboratories.

These are also available through the Oftice of Technology Transfer, Cincinnati, Olio 45268.

Robert L. Crowe, Director Dwight G. Ballinger
Office of Technology Transfer

Dircector, Environmental Monitoring and
Cincinnati, Ohio 45268

Support Laboratory, Cincinnati, Ohio
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INTRODUCTION

This second edition of “Methods for Chemical Analysis of Water and Wastes™ contains the
chemical analytical procedures used in U.S. Environmental Protection Agency (EPA)
laboratories for the examination of ground and surface waters, domestic and industrial
waste effluents, and treatment process samples. Except where noted under ‘‘Scope and
Application,” the methods are applicable to both water and wastewaters, and both fresh and
saline water samples. The manual provides test procedures for the measurement of physical,
inorganic, and selected organic constituents and parameters. Methods for pesticides,
industrial organic waste materials, and sludges are given in other publications of the Agency.
The methods were chosen through the combined efforts of the EPA Regional Analytical
Quality Control Coordinators, the staff of the Physical and Chemical Methods Branch,
Methods Development and Quality Assurance Research Laboratory, and other senior
chemists in both federal and state laboratories. Method selection was based on the following

criteria:

(1) The method should measure the desired property or constituent with precision,
accuracy, and specificity sufficient to meet the data needs of EPA, in the presence
of the interfering materials encountered in water and waste samples.

(2) The procedure should utilize the equipment and skills available in modern water
pollution control laboratories.

(3) The selected method is in use in many laboratories or has been sufficiently tested
to establish its validity.

(4) The method should be rapid enough to permit routine use for the examination of

a large number of samples.

Instrumental methods have been selected in preference to manual procedures because of the
improved speed, accuracy, and precision. In keeping with this policy, procedures for the
Technicon AutoAnalyzer have been included for laboratories having this equipment

available.

Precision and accuracy statements are provided where such data are available. These
statements are derived from interlaboratory studies conducted by the Quality Assurance
and Laboratory Evaluation Branch, Methods Development and Quality Assurance Research
Laboratory; the American Society for Testing Materials; or the Analytical Reference Service
of the US Public Health Service, DHEW.
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These methods may be used for measuring both total and dissolved constituents of the
sample. When the dissolved concentration is to be determined, the sample is filtered through
a 0.45-micron membrane filter and the filtrate analyzed by the procedure specified. The
sample should be filtered as soon as possible after it is collected, preferably in the field.
Where field filtration is not practical, the sample should be filtered as soon as it is received

in the laboratory.

Many water and waste samples are unstable. In situations where the interval between sample
collection and analysis is long enough to produce changes in either the concentration or the
physical state of the constituent to be measured, the preservation practices in Table II are

recommended.

This manual is a basic reference for monitoring water and wastes in compliance with the
requirements of the Federal Water Pollution Control Act Amendments of 1972. Although
other test procedures may be used, as provided in the Federal Register issue of October 16,
1973 (38FR  28758), the methods described in this manual will be used by the
Environmental Protection Agency in determining compliance with applicable water and

effluent standards established by the Agency.

Although a sincere effort has been made to select methods that are applicable to the widest
range of sample types, significant interferences may be encountered in certain isolated
samples. In these situations, the analyst will be providing a valuable service to EPA by
defining the nature of the interference with the method and bringing this information to the
attention of the Director, Methods Development and Quality Assurance Research

Laboratory, through the appropriate Regional AQC Coordinator.



SAMPLE PRESERVATION

Complete and unequivocal preservation of samples, either domestic sewage, industrial
wastes, or natural waters, is a practical impossibility. Regardless of the nature of the sample,
complete stability for every constituent can never be achieved. At best, preservation
techniques can only retard the chemical and biological changes that inevitably continue
after the sample is removed from the parent source. The changes that take place in a sample
are either chemical or biological. In the former case, certain changes occur in the chemical
structure of the constituents that are a function of physical conditions. Metal cations may
precipitate as hydroxides or form complexes with other constituents; cations or anions may
change valence states under certain reducing or oxidizing conditions; other constituents may
dissolve or volatilize with the passage of time. Metal cations may also adsorb onto surfaces
(glass, plastic, quartz, etc.), such as, iron and lead. Biological changes taking place in a
sample may change the valence of an element or a radical to a different valence. Soluble
constituents may be converted to organically bound materials in cell structures, or cell lysis
may result in release of cellular material into solution. The well known nitrogen and

phosphorus cycles are examples of biological influence on sample composition.

Methods of preservation are relatively limited and are intended generally to (1) retard
biological action, (2) retard hydrolysis of chemical compounds and complexes and (3)

reduce volatility of constituents.
Preservation methods are generally limited to pH control, chemical addition, refrigeration,

and freezing. Table 1 shows the various preservatives that may be used to retard changes in

samples.
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Preservative

HgCI 2

Acid (HNO;)

Acid (H,S0,)

Alkali (NaOH)

Refrigeration

In summary, refrigeration at temperatures near freezing or below is the best preservation

TABLE 1

Action

Bacterial Inhibitor

Metals solvent, pre-

vents precipitation

Bacterial Inhibitor

Salt formation with

organic bases

Salt formation with

volatile compounds

Bacterial Inhibitor,
Retards chemical

reaction rates

Applicable to:

Nitrogen forms,

Phosphorus forms

Metals

Organic samples
(COD, oil & grease
organic carbon),
Nitrogen-phosphorus

forms

Ammonia, amines

Cyanides, organic

acids

Acidity-alkalinity,
organic materials,
BOD, color, odor,
organic P, organic
N, carbon, etc.,
biological organism

(coliform, etc.)

technique available, but it is not applicable to all types of samples.

The recommended choice of preservatives for various constituents is given in Table 2. These

choices are based on the accompanying references and on information supplied by various

Regional Analytical Quality Control Coordinators.
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TABLE 2

RECOMMENDATION FOR SAMPLING AND PRESERVATION
OF SAMPLES ACCORDING TO MEASUREMENT (1)

Vol.
Req. Holding
Measurement (ml) Container Preservative Time(6)
Acidity 100 P, G(2) Cool, 4°C 24 Hrs.
Alkalinity 100 P,G Cool, 4°C 24 Hrs.
Arsenic 100 P,G HNO; to pH <2 6 Mos.
BOD 1000 P, G Cool, 4°C 6 Hrs.>
Bromide 100 P, G Cool, 4°C 24 Hrs.
COD 50 P,G H, S0, to pH <2 7 Days
Chloride 50 P, G None Req. 7 Days
Chlorine Req. 50 P,G Det. on site No Holding
Color 50 P,G Cool, 4°C 24 Hrs.
Cyanides 500 P,G Cool, 4°C 24 Hrs.
NaOH to pH 12
Dissolved Oxygen
Probe 300 G only Det. on site No Holding
Winkler 300 G only Fix on site 4-8 Hours
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TABLE 2 (Continued)

Vol.
Req. Holding
Measurement (ml) Container Preservative Time(6)
Fluoride 300 P,G Cool, 4°C 7 Days
Hardness 100 P,G Cool, 4°C 7 Days
HNO; to pH <2
Todide 100 P,G Cool, 4°C 24 Hrs.
MBAS 250 P, G Cool, 4°C 24 Hrs.
Metals
Dissolved 200 P,G Filter on site 6 Mos.
HNO; to pH <2
Suspended Filter on site 6 Mos.
Total 100 HNO; to pH <2 6 Mos.
Mercury
Dissolved 100 P, G Filter 38 Days
HNO; to pH <2 (Glass)
13 Days
(Hard
Plastic)
Total 100 P,G HNO; to pH <2 38 Days
(Glass)
13 Days
(Hard

Plastic)



TABLE 2 (Continued)

Vol.
Req. Holding
Measurement (ml) Container Preservative Time(6)
Nitrogen
Ammonia 400 P,G Cool, 4°C 24 Hrs.(4)
H,S0O, to pH <2
Kjeldahl, 500 P,G Cool, 4°C 7 Days
total H,S0, to pH <2
Nitrate 100 P,G Cool, 4°C 24 Hrs.(4)
H, SO, to pH <2
Nitrite 50 P,G Cool, 4°C 24 Hrs. (4)
NTA 50 P,G Cool, 4°C 24 Hrs.
Oil & Grease 1000 G only Cool, 4°C 24 Hrs.
H2 SO4 OI‘
HCl1 to pH <2
Organic Carbon 25 P, G Cool, 4°C 24 Hrs.
H, S0, to pH <2
pH 25 P,G Cool, 4°C 6 Hrs.(3)
Det. on site
Phenolics 500 G only Cool, 4°C 24 Hrs.
H, PO, to pH <4
1.0 g CuS0,/1
Phosphorus
Ortho-
phosphate, 50 P, G Filter on site 24 Hrs.(4)

Dissolved

Cool, 4°C



TABLE 2 (Continued)

Vol.
Req. Holding

Measurement (ml) Container Preservative Time(6)

Hydrolyzable 50 P,G Cool, 4°C 24 Hrs.(4)

H,S0, to pH <2

Total 50 P, G Cool, 4°C 7 Days

Total,

Dissolved 50 P, G Filter on site 24 Hrs.(4)

Cool, 4°C

Residue

Filterable 100 P,G Cool, 4°C 7 Days

Non-

Filterable 100 P,G Cool, 4°C 7 Days

Total 100 P, G Cool, 4°C 7Days

Volatile 100 P,G Cool, 4°C 7 Days
Settleable Matter 1000 P, G None Req. 24 Hrs.
Selenium 50 P,G HNO; to pH <2 6 Mos.
Silica 50 P only Cool, 4°C 7 Days
Specific
Conductance 100 P, G Cool, 4°C 24 Hrs. (5)
Sulfate 50 PG Cool, 4°C 7 Days
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TABLE 2 (Continued)

Vol.

Req. Holding
Measurement (ml) Container  Preservative Time(6)
Sulfide 500 P,G 2 ml zinc 24 Hrs.

acetate

Sulfite 50 P,G Det. on site No Holding
Temperature 1000 P,G Det. on site No Holding
Threshold
Odor 200 G only Cool, 4°C 24 Hrs.
Turbidity 100 P,G Cool, 4°C 7 Days

More specific instructions for preservation and sampling are found with each procedure
as detailed in this manual. A general discussion on sampling water and industrial
wastewater may be found in ASTM, Part 23, p. 72-91 (1973).

Plastic or Glass

If samples cannot be returned to the laboratory in less than 6 hours and holding time

exceeds this limit, the final reported data should indicate the actual holding time.
Mercuric chloride may be used as an alternate preservative at a concentration of 40
mg/1, especially if a longer holding time is required. However, the use of mercuric

chloride is discouraged whenever possible.

If the sample is stabilized by cooling, it should be warmed to 25°C for reading, or

temperature correction made and results reported at 25°C.

It has been shown that samples properly preserved may be held for extended periods

beyond the recommended holding time.
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ACIDITY

STORET NO. 70508

Scope and Application

1.1 This method is applicable to surface waters, sewages and industrial wastes,
particularly mine drainage and receiving streams, and other waters containing
ferrous iron or other polyvalent cations in a reduced state.

1.2 The method covers the range from approximately 10 mg/1 acidity to approxi-
mately 1000 mg/1 as CaCOj3, using a 50 ml sample.

Summary of Method

2.1 The pH of the sample is determined and a measured amount of standard acid is
added, as needed, to lower the pH to 4 or less. Hydrogen peroxide is added, the
solution boiled for several minutes, cooled, and titrated electrometrically with
standard alkali to pH 8.2.

Definitions

3.1 This method measures the mineral acidity of a sample plus the acidity resulting
from oxidation and hydrolysis of polyvalent cations, including salts of iron and
aluminum.

Interferences

4.1 Suspended matter present in the sample, or precipitates formed during the
titration may cause a sluggish electrode response. This may be offset by allowing a
15-20 second pause between additions of titrant or by slow dropwise addition of
titrant as the endpoint pH is approached.

Apparatus

5.1 pH meter, suitable for electrometric titrations.

Reagents

6.1 Hydrogen peroxide (H, 0,, 30% solution).

6.2 Standard sodium hydroxide, 0.02 N.

6.3 Standard sulfuric acid, 0.02 N.

Procedure

7.1 Pipet 50 ml of the sample into a 250 ml beakef.

7.2 Measure the pH of the sample. If the pH is above 4.0 add standard sulfuric acid in
5.0 ml increments to lower the pH to 4.0 or less. If the initial pH of the sample is
less than 4.0, the incremental addition of sulfuric acid is not required.

7.3 Add 5 drops of hydrogen peroxide.



10.

7.4 Heat the sample to boiling and continue boiling for 2 to 4 minutes. In some
instances, the concentration of ferrous iron in a sample is such that an additional
amount of hydrogen peroxide and a slightly longer boiling time may be required.

7.5 Cool the sample to room temperature and titrate electrometrically with standard
alkali to pH 8.2.

Calculations

e [(A X B)- (C X D)] X 50,000
8.1 Acidity, as mg/l1 CaCO5 =

ml sample

where:
A = vol. of standard alkali used in titration
B = normality of standard alkali
C = volume of standard acid used to reduce pH to 4 or less
D = normality of standard acid
8.2 If it is desired to report acidity in millequivalents per liter, the reported values as
CaCOj, are divided by 50, as follows:

mg/1 CaCO,
Acidity as meq/l =——————~
50
Precision
9.1 On a round robin conducted by ASTM on 4 acid mine waters, including
concentrations up to 2000 mg/1, the precision was found to be + 10 mg/1.
References
10.1 The procedure to be used for this determination can be found in:
ASTM Standards, Part 23, Water; Atmospheric Analysis, p 124, D-1067, Method
E (1973).
Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
370, Method 201 (Acidity and Alkalinity) (1971).

[P



ALKALINITY (pH 4.5)

STORET NO. 00410

Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial wastes.

1.2 The method is suitable for all concentration ranges of alkalinity; however,
appropriate aliquots should be used to avoid a titration volume greater than 50
ml.

1.3 Automated titrimetric analysis is equivalent.

Summary of Method

2.1 An unaltered sample is titrated to an electrometrically determined end point of
pH 4.5. The sample must not be filtered, diluted, concentrated, or altered in any
way.

Comments

3.1 The sample must be analyzed as soon as practical; preferably, within a few hours.
Do not open sample bottle before analyses.

3.2 Substances, such as salts of weak organic and inorganic acids present in large
amounts, may cause interference in the electrometric pH measurements.

3.3 Oil and grease, by coating the pH electrode, may also interfere, causing sluggish
response.

Precision and Accuracy

4.1 Forty analysts in seventeen laboratories analyzed synthetic water samples

containing increments of bicarbonate, with the following results:

Increment as Precision as Accuracy as
Alkalinity Standard Deviation Bias, Bias,
mg/liter, CaCO;, mg/liter, CaCO;, %o mg/l, CaCQOj,
8 1.27 +10.61 +0.85
9 1.14 +22.29 +2.0
113 5.28 - 8.19 -9.3
119 5.36 - 742 -8.8




(FWPCA Method Study 1, Mineral and Physical Analyses)

4.2 In a single laboratory (MDQARL), using surface water samples at an average

concentration of 122 mg CaCO; /1, the standard deviation was *3.
5. References

5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
52, Method 102, (1971).

ASTM Standards, Part 23, Water; Atmospheric Analysis, p 119, D-1067, Method
B, (1973).

5.2 For samples having high concentrations of mineral acids, such as mine wastes and
associated receiving waters, titrate to an electrometric endpoint of pH 3.9, using
the procedure in:

ASTM Standards, Part 23, Water; Atmospheric Analysis, p 123, D-1067, Method
D, (1973).



ALKALINITY
(Automated, Methyl Orange)

STORET NO. 00410

Scope and Application

1.1 This automated method is applicable to drinking, surface, and saline waters,
domestic and industrial wastes. The applicable range is 10 to 200 mg/1 as CaCO;.

1.2 This method is not applicable to samples with pH lower than 3.1.

Summary of Method

2.1 Methyl orange is used as the indicator in this method because its pH range is in
the same range as the equivalence point for total alkalinity, and it has a distinct
color change that can be easily measured. The methyl orange is dissolved in a
weak buffer at a pH of 3.1, just below the equivalence point, so that any addition
of alkalinity causes a loss of color directly proportional to the amount of
alkalinity.

Sample Handling and Preservation

3.1 Sample should be refrigerated at 4°C and run as soon as practical.

Interferences
4.1 Sample turbidity and color may interfere with this method. Turbidity must be
removed by filtration prior to analysis. Sample color that absorbs in the
photometric range used will also interfere.
Apparatus
5.1 Technicon AutoAnalyzer consisting of:
5.1.1 Sampler L.
5.1.2 Manifold.
5.1.3 Proportioning pump.
5.1.4 Colorimeter equipped with 15 mm tubular flow cell and 550 nm filters.
5.1.5 Recorder equipped with range expander.
Reagents
6.1 Methyl Orange: Dissolve 0.125 g of methyl orange in 1 liter of distilled water.
6.2 pH 3.1 Buffer: Dissolve 5.1047 g of potassium acid phthalate in distilled water
and add 87.6 ml 0.1 N HC1 and dilute to 1 liter. Stable for one week.
6.3 Methyl Orange-Buffered Indicator: Add 1 liter of pH 3.1 buffer to 200 ml methyl

orange solution and mix well. Stable for 24 hours.



6.4

Stock Solution: Dissolve 1.060 g of anhydrous sodium carbonate (oven-dried at
140°C for 1 hour) in distilled water and dilute to 1000 ml. 1.0 ml = 1.00 mg
CaCOs;.

6.4.1 Prepare a series of standards by diluting suitable volumes of stock solution

to 100.0 ml with distilled water. The following dilutions are suggested:

ml of Stock
Solution Conc., mg/l as CaCO,
1.0 10
2.0 20
4.0 40
6.0 60
8.0 80
10.0 100
18.0 180
20.0 200
Procedure
7.1 No advance sample preparation is required. Set up manifold as shown in Figure 1.

7.2

7.3

7.4

7.5

Allow both colorimeter and recorder to warm up for 30 minutes. Run a baseline
with all reagents, feeding distilled water through the sample line. Adjust dark
current and operative opening on colorimeter to obtain stable baseline.

Place distilled water wash tubes in alternate openings on sampler and set sample
timing at 2.0 minutes.

Place working standards in sampler in order of decreasing concentration.
Complete filling of sampler tray with unknown samples.

Switch sample line from distilled water to sampler and begin analysis.

Calculation

8.1

Prepare standard curve by plotting peak heights of processed standards against
known concentrations. Compute concentration of samples by comparing sample

peak heights with standard curve.

Precision and Accuracy

9.1

9.2

In a single laboratory (MDQARL), using surface water samples at concentrations
of 15, 57, 154, and 193 mg/1 as CaCO; the standard deviation was $0.5.
In a single laboratory (MDQARL), using surface water samples at concentrations

of 31 and 149 mg/1 as CaCO; recoveries were 100% and 99%, respectively.
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ARSENIC

STORET NO. Total 01002
Inorganic, Dissolved 00995
Inorganic, Total 00997

Scope and Application

1.1

1.2

The silver diethyldithiocarbamate method determines inorganic arsenic when
present in concentrations at or above 10 ug/l. The method is applicable to most
fresh and saline waters in the absence of high concentrations of chromium, cobalt,
copper, mercury, molybdenum, nickel, and silver. Domestic and industrial wastes
may also be analyzed after digestion (See 3.3).

Difficulties may be encountered with certain industrial waste materials containing
volatile substances. High sulfur content of wastes may exceed removal capacity of

the lead acetate scrubber.

Summary of Method

2.1

Arsenic in the sample is reduced to arsine, AsH;, in acid solution in a hydrogen
generator. The arsine is passed through a scrubber to remove sulfide and is
absorbed in a solution of silver diethyldithiocarbamate dissolved in pyridine. The

red complex thus formed is measured in a spectrophotometer at 535 nm.

Comments

3.1

3.2

3.3

3.4

In analyzing most surface and ground waters, interferences are rarely en-
countered. Industrial waste samples should be spiked with a known amount of
arsenic to establish adequate recovery.
It is essential that the system be airtight during evolution of the arsine, to avoid
losses.
If concentration of the sample and/or oxidation of any organic matter is required,
refer to Standard Methods, 13th Edition, Method 104B, p 65, Procedure 4.a
(1971).

3.3.1 Since nitric acid gives a negative interference in this colorimetric test, use

sulfuric acid as a preservative if only inorganic arsenic is being measured.

1-Ephedrine in chloroform has been found to be a suitable solvent for silver
diethyldithiocarbamate if the analyst finds the odor of pyridine objectionable
[Anal. Chem. 45, 1786 (1973)].



Precision and Accuracy
4.1 A synthetic unknown sample containing 40 ug/1, as As, with other metals was

analyzed in 46 laboratories. Relative standard deviation was *13.8% and relative

error was 0%.
Reference
5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
62, Method 104A (1971).
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BIOCHEMICAL OXYGEN DEMAND
(5 Days, 20°C)

STORET NO. 00310

Scope and Application

1.1 The biochemical oxygen demand test (BOD) is used for determining the relative
oxygen requirements of municipal and industrial wastewaters. Application of the
test to organic waste discharges allows calculation of the effect of the discharges
on the oxygen resources of the receiving water. Data from BOD tests are used for
the development of engineering criteria for the design of wastewater treatment
plants.

1.2 The BOD test is an empirical bioassay-type procedure which measures the
dissolved oxygen consumed by microbial life while assimilating and oxidizing the
organic matter present. The standard test conditions include dark incubation at
20°C for a specified time period (often 5 days). The actual environmental
conditions of temperature, biological population, water movement, sunlight, and
oxygen concentration cannot be accurately reproduced in the laboratory. Results
obtained must take into account the above factors when relating BOD results to
stream oxygen demands.

Summary of Method

2.1 The sample of waste, or an appropriate dilution, is incubated for 5 days at 20°C
in the dark. The reduction in dissolved oxygen concentration during the
incubation period yields a measure of the biochemical oxygen demand.

Comments

3.1 Determination of dissolved oxygen in the BOD test may be made by use of either
the Modified Winkler with Full-Bottle Technique or the Probe Method in this

manual.
3.2 Additional information relating to oxygen demanding characteristics of waste-

waters can be gained by applying the Total Organic Carbon and Chemical Oxygen
Demand tests (also found in this manual).

Precision and Accuracy

4.1 Eighty-six analysts in fifty-eight laboratories analyzed natural water samples plus
an exact increment of biodegradable organic compounds. At a mean value of 2.1
and 175 mg/l BOD, the standard deviation was +0.7 and +26 mg/l, respectively.
(EPA Method Research Study 3).

4.2 There is no acceptable procedure for determining the accuracy of the BOD test.

11



S.  References
5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
489, Method 219 (1971).
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BORON
{Curcumin Method)

STORET NO. 01022

Scope and Application

1.1 This colorimetric method finds maximum utility for waters whose boron content
is below 1 mg/1.

1.2 The optimum range of the method on undiluted or unconcentrated samples is
0.1-1.0 mg/1 of boron.

Summary of Method

2.1 When a sample of water containing boron is acidified and evaporated in the
presence of curcumin, a red-colored product called rosocyanine is formed. The
rosocyanine is taken up in a suitable solvent, and the red color is compared with
standards either visually or photometrically.

Comments

3.1 Nitrate nitrogen concentrations above 20 mg/1 interfere.

3.2 Significantly high results are possible when the total of calcium and magnesium
hardness exceeds 100 mg/l as CaCO,. Passing the sample through a cation
exchange resin eliminates this problem.

3.3 Close control of such variables as volumes and concentrations of reagents, as well
as time and temperature of drying, must be exercised for maximum accuracy.

3.4 Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

4.1 A synthetic sample prepared by the Analytical Reference Service, PHS, containing
240 ug/1 B, 40 ug/1 As, 250 ug/1 Be, 20 ug/1 Se, and 6 ug/1 V in distilled water,
was analyzed by the curcumin method with a relative standard deviation of 22.8%
and a relative error of 0% in 30 laboratories.

Reference

5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
69, Method 107A (1971).
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BROMIDE

(Titrimetric)

STORET NO. 71870

Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial waste effluents.

1.2 The concentration range for this method is 2-20 mg bromide/1.

Summary of Method

2.1 After pretreatment to remove interferences, the sample is divided into two
aliquots. One aliquot is analyzed for iodide by converting the iodide to iodate
with bromine water and titrating iodometrically with phenylarsine oxide (PAO)
or sodium thiosulfate. The other aliquot is analyzed for iodide plus bromide by
converting these halides to iodate and bromate with calcium hypochlorite and
titrating iodometrically with PAO or sodium thiosulfate. Bromide is then
calculated by difference.

Sample Handling and Preservation

3.1 Store at 4°C and analyze as soon as possible.

Interferences

4.1 Iron, manganese and organic matter can interfere; however, the calcium oxide
pretreatment removes or reduces these to insignificant concentrations.

4.2 Color interferes with the observation of indicator and bromine-water color
changes. This interference is eliminated by the use of a pH meter instead of a pH
indicator and the use of standardized amounts of oxidant and oxidant-quencher.

Reagents

5.1 Acetic Acid Solution (1:8): Mix 100 ml of glacial acetic acid with 800 ml of
distilled water.

5.2 Bromine Water: In a fume hood, add 0.2 ml bromine to 500 ml distilled water.
Stir with a magnetic stirrer and a Teflon-coated stirring bar for several hours or
until the bromine dissolves. Store in a glass-stoppered colored bottle.

5.3 Calcium Carbonate (CaCQO;): Powdered

5.4 Calcium Hypochlorite Solution (Ca(OC1),): Add 35 g of Ca(OC1), to approxi-
mately 800 ml of distilled water in a 1 liter volumetric flask. Stir on a magnetic
stirrer for approximately 30 minutes. Dilute to 1 liter and filter. Store in a

glass-stoppered, colored flask.
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5.5 Calcium Oxide (CaO): Anhydrous, powdered.

5.6 Hydrochloric Acid Solution (1:4): Mix 100 ml of HC1 (sp. gr. 1.19) with 400 ml
of distilled water.

5.7 Potassium lodide (KI): Crystals, ACS Reagent Grade

5.8 Sodium Acetate Solution (275 g/1): Dissolve 275 g sodium acetate trihydrate
(NaC,H; 0, *3H,0) in distilled water. Dilute to 1 liter and filter.

5.9 Sodium Chloride (NaCl): Crystals, ACS Reagent Grade

5.10 Sodium Formate Solution (500 g/1): Dissolve 50 g sodium formate (NaCHO, ) in
hot distilled water and dilute to 100 ml.

5.11 Sodium Molybdate Solution (10 g/1): Dissolve 1 g sodium molybdate (Na,MoO,

*2H, O) in distilled water and dilute to 100 ml.
5.12 Sulfuric Acid Solution (1:4): Slowly add 200 ml H,SO, (sp. gr. 1.84) to 800 ml

of distilled water.

5.13 Phenylarsine Oxide (0.0375N): Hach Chemical Co., or equivalent. Standardize
with 0.0375 N potassium biiodate (5.19, 5.23).

5.14 Phenylarsine Oxide Working Standard (0.0075 N): Transfer 100 ml of com-
mercially available 0.0375 N phenylarsine oxide (5.13) to a 500 ml volumetric
flask and dilute to the mark with distilled water. This solution should be prepared
fresh daily.

5.15 Amylose Indicator: Mallinckrodt Chemical Works or equivalent.

5.16 Sodium Thiosulfate, Stock Solution, 0.75 N: Dissolve 186.14 g Na,S,05+5H,0
in boiled and cooled distilled water and dilute to 1 liter. Preserve by adding 5 ml
chloroform.

5.17 Sodium Thiosulfate Standard Titrant, 0.0375 N: Prepare by diluting 50.0 ml of
stock solution (5.16) to 1.0 liter. Preserve by adding 5 ml of chloroform.
Standardize with 0.0375 N potassium biiodate (5.19, or 5.23).

5.18 Sodium Thiosulfate Working Standard (0.0075 N): Transfer 100 ml of sodium
thiosulfate standard titrant (5.17) to a 500 m! volumetric flask and dilute to the
mark with distilled water. This solution should be prepared fresh daily.

5.19 Potassium Biiodate Standard, 0.0375 N: Dissolve 4.873 g potassium biiodate,
previously dried 2 hours at 103°C, in distilled water and dilute to 1.0 liter. Dilute
250 ml to 1.0 liter for 0.0375 N biiodate solution.

5.20 Starch Solution: Prepare an emulsion of 10 g of soluble starch in a mortar or
beaker with a small quantity of distilled water. Pour this emulsion into 1 liter of
boiling water, allow to boil a few minutes, and let settle overnight. Use the clear

supernate. This solution may be preserved by the addition of 5 ml per liter of

15



chloroform and storage in a 10°C refrigerator. Commercially available dry,

powdered starch indicators may be used in place of starch solution.

5.21 Nitrogen Gas: Cylinder

5.22 Potassium Fluoride (KF+2H,O): ACS Reagent Grade

5.23 Standardization of 0.0375 N Phenylarsine Oxide and 0.0375 N Sodium
Thiosulfate: Dissolve approximately 2 g (1.0 g) KI (5.7) in 100 to 150 ml
distilled water; add 10 ml H, SO, solution (5.12) followed by 20 ml standard

potassium bijiodate solution (5.19). Place in dark for 5 minutes, dilute to 300 ml

and titrate with the phenylarsine oxide (5.13) or sodium thiosulfate (5.17) to a

pale straw color. Add a small scoop of indicator (5.15). Wait until homogeneous

blue color develops and continue the titration drop by drop until the color

disappears. Run in duplicate. Duplicate determinations should agree within +0.05

ml.

6. Procedure

6.1 Pretreatment

6.1.1

Add a visible excess of CaO (5.5) to 400 ml of sample. Stir or shake
vigorously for approximately 5 minutes. Filter through a dry, moderate-

ly retentive filter paper, discarding the first 75 ml.

6.2 lodide Determination

6.2.1

6.2.2

6.2.3

6.2.4
6.2.5

6.2.6

Place 100 ml of pretreated sample (6.1) or a fraction thereof diluted to
that volume, into a 150 ml beaker. Add a Teflon-coated stirring bar and
place on a magnetic stirrer. Insert a pH electrode and adjust the pH to
approximately 7 or slightly less by the dropwise addition of H,SO,
solution (5.12).

Transfer the sample to a 250 ml widemouthed conical flask. Wash beaker
with small amounts of distilled water and add washings to the flask. A
250 ml iodine flask would increase accuracy and precision by preventing
possible loss of the iodine generated upon addition of potassium iodide
and sulfuric acid (6.4.1).

Add 15 ml sodium acetate solution (5.8) and 5 ml acetic acid solution
(5.1). Mix well. Add 40 ml bromine water solution (5.2); mix well. Wait
5 minutes.

Add 2 ml sodium formate solution (5.10); mix well. Wait 5 minutes.
Purge space above sample with gentle stream of nitrogen (5.21) for
approximately 30 seconds to remove bromine fumes.

If a precipitate forms (iron), add 0.5 g KF+2H, O (5.22).

16



7.

6.2.7

6.2.8

A distilled water blank must be run with each set of samples because of
iodide in reagents. If the blank is consistently shown to be zero for a
particular “lot” of chemicals, it can be ignored.

Proceed to step (6.4).

6.3 Bromide Plus lodide Determination

6.3.1

6.3.2

6.3.3
6.3.4

6.3.5

6.3.6
6.3.7
6.3.8
6.3.9

Place 100 ml of pretreated sample (6.1) or a fraction thereof diluted to
that volume, in a 150 ml beaker. Add 5 g NaCl and stir to dissolve.
Neutralize by dropwise addition of HCl solution (5.6) as in (6.2.1).
Transfer as in (6.2.2).

Add 20 ml of calcium hypochlorite solution (5.4). Add I ml of HCl
solution (5.6) and add approximately 0.2 g calcium carbonate (5.3).
Heat to boiling on a hot plate; maintain boiling for 8 minutes.

Remove from hot plate and carefully add 4 ml sodium formate solution
(5.10). Caution: TOO RAPID ADDITION MAY CAUSE FOAMING.
Wash down sides with distilled water.

Return to hot plate and maintain boiling conditions for an additional 8
minutes. Occasionally wash down sides with distilled water if residue is
deposited from boiling action.

Remove from hot plate. Wash down sides and allow to cool.

If a precipitate forms (iron), add 0.5 g KF+2H, O (5.22).

Add 3 drops sodium molybdate solution (5.11).

A distilled water blank must be run with each set of samples because of

iodide, iodate, bromide, and/or bromate in reagents.

6.3.10 Proceed to step (6.4).

6.4 Titration

6.4.1

6.4.2

Calculations

Dissolve approximately 1 g potassium iodide (5.7) in sample from (6.2.8
or 6.3.10). Add 10 ml of H, SO, solution (5.12) and place in dark for 5
minutes.

Titrate with standardized phenylarsine oxide working standard (5.14) or
sodium thiosulfate working standard (5.18), adding indicator (5.15, or
5.20) as end point is approached (light straw color). Titrate to colorless

solution. Disregard returning blue color.

7.1 Principle: lodide is determined by the titration of the sample as oxidized in (6.2):

bromide plus iodide is determined by the titration of the sample as oxidized in

(6.3). The amount of bromide is then determined by difference. The number of
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equivalents of iodine produced a constant of 13,320 as shown in the equation in
(7.2). Experimental data is entered in the appropriate place and the equation is
solved for mg/1 bromide.

7.2 Equation

B /1)=13,320 <é-x—}i>*—>£5—>

where
= the number of ml of PAO needed to titrate the sample for bromide plus
iodide (with the number of ml of PAO needed to titrate the blank
subtracted).
B = the normality of the PAO needed to titrate the sample for bromide plus
iodide
C=the volume of sample taken (100 ml or a fraction thereof) to be titrated
for bromide plus iodide.
D = the number of ml of PAO needed to titrate the sample for iodide
(with the number of ml of PAO needed to titrate the blank subtracted).
The blank for the iodide titration is often zero.
E = the normality of the PAO used to titrate the sample for iodide.
F=the volume of sample taken (100 ml or a fraction thereof) to be titrated
for iodide.
Precision and Accuracy
8.1 In a single laboratory (MDQARL), using a mixed domestic and industrial waste
effluent, at concentrations of 0.3, 2.8, 5.3, 10.3 and 20.3 mg/! of bromide, the
standard deviations were +0.13, £0.37, £0.38, +0.44 and +0.42 mg/1, respectively.
8.2 In a single laboratory (MDQARL), using a mixed domestic and industrial waste
effluent, at concentrations of 2.8, 5.3, 10.3 and 20.3 mg/1 of bromide, recoveries

were 96, 83, 97 and 99%, respectively.
Bibliography

ASTM Standards, Part 23, Water; Atmospheric Analysis, p 331-333, Method D1246-C
(1973).
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CALCIUM

STORET NO. Calcium (mg/l CaCO;) 00910
Calcium, Total (mg/1 Ca) 00916

Scope and Application

1.1 This method is applicable to drinking and surface waters, domestic and industrial
wastes.

1.2 The lower detection limit of this method is approximately 0.5 mg/1 as CaCOj ; the
upper limit can be extended to all concentrations by sample dilution. It is
recommended that a sample aliquot containing not more than 25 mg CaCO; be
used.

Summary of Method

2.1 Calcium ion is sequestered upon the addition of disodium dihydrogen ethylene-
diamine tetraacetate (EDTA). The titration end point is detected by means of an
indicator which combines with calcium only.

Interferences

3.1 Strontium and barium interfere and alkalinity in excess of 30 mg/1 may cause an
indistinct end point. Magnesium interference is reduced or eliminated by raising
the pH between 12-13 to precipitate magnesium hydroxide.

Precision and Accuracy

4.1 A synthetic unknown sample containing 108 mg/1 Ca, 82 mg/1 Mg, 3.1 mg/1 K,
19.9 mg/l Na, 241 mg/l chloride, 1.1 mg/l nitrate N, 250 ug/l nitrite N, 259 mg/l
sulfate, and 42.5 mg/l total alkalinity in distilled water was determined by this
method with a relative standard deviation of 9.2% and a relative error of 1.9% in 44
laboratories.

Reference

5.1 The procedure to be used for this determination is found in: Standard Methods
for the Examination of Water and Wastewater, 13th Edition, p 84, Method 110C
(1971).
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CHEMICAL OXYGEN DEMAND
STORET NO. 00340

Scope and Application

1.1 The Chemical Oxygen Demand (COD) method determines the quantity of oxygen
required to oxidize the organic matter in a waste sample, under specific
conditions of oxidizing agent, temperature, and time.

1.2 Since the test utilizes a rigorous chemical oxidation rather than a biological
process, the result has no defineable relationship to the Biochemical Oxygen
Demand (BOD) of the waste. The test result should be considered as an
independent measurement of organic matter in the sample, rather than as a
substitute for the BOD test.

1.3 The method can be applied to domestic and industrial waste samples having an
organic carbon concentration greater than 15 mg/1. For lower concentrations of
carbon such as in surface water samples, the Low Level Modification should be
used. When the chloride concentration of the sample exceeds 2000 mg/1, the
modification for saline waters is required.

Summary of Method

2.1 Organic substances in the sample are oxidized by potassium dichromate in 50%
sulfuric acid solution at reflux temperature. Silver sulfate is used as a catalyst and
mercuric sulfate is added to remove chloride interference. The excess dichromate
is titrated with standard ferrous ammonium sulfate, using orthophenanthroline
ferrous complex as an indicator.

Comments

3.1 To reduce loss of volatile organics, the flask should be cooled during addition of
the sulfuric acid solution.

Precision and Accuracy

4.1 Eighty-six analysts in fifty-eight laboratories analyzed a distilled water solution
containing oxidizable organic material equivalent to 270 mg/1 COD. The standard
deviation was *17.76 mg/l COD with an accuracy as percent relative error (bias)
of -4.7%. (EPA Method Research Study 3).

References

5.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
495, Method 220 (1971).
ASTM Standards, Part 23, Water; Atmospheric Analysis, p 470, Method D

1252-67 (1973).
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CHEMICAL OXYGEN DEMAND
(Low Level)

STORET NO. 00335

Scope and Application

1.1 The scope of this modification of the Chemical Oxygen Demand (COD) test is the
same as for the high level test. It is applicable to the analysis of surface waters,
domestic and industrial wastes with low demand characteristics.

1.2 This method (low level) is applicable for samples having a COD in the range of
5-50 mg/1 COD.

Summary of Method

2.1 Organic and oxidizable inorganic substances in an aqueous sample are oxidized by
potassium dichromate solution in 50 percent (by volume) sulfuric acid in
solution. The excess dichromate is titrated with standard ferrous ammonium
sulfate using orthophenanthroline ferrous complex (ferroin) as an indicator.

Sampling and Preservation

3.1 Collect the samples in glass bottles, if possible. Use of plastic containers is
permissible if it is known that no organic contaminants are present in the
containers.

3.2 Biologically active samples should be tested as soon as possible. Samples
containing settleable material should be well mixed, preferably homogenized, to
permit removal of representative aliquots.

3.3 Samples may be preserved with sulfuric acid at a rate of 2 ml of conc. H,SO, per

liter of sample.

Interferences
4.1 Traces of organic material either from the glassware or atmosphere may cause a
gross, positive error.
4.1.1 Extreme care should be exercised to avoid inclusion of organic materials
in the distilled water used for reagent preparation or sample dilution.
4.1.2 Glassware used in the test should be conditioned by running blank
procedures to eliminate traces of organic material.
4.2 Volatile materials may be lost when the sample temperature rises during the
sulfuric acid addition step.
4.3 Chlorides are quantitatively oxidized by dichromate and represent a positive

interference. Mercuric sulfate is added to the digestion flask to complex the
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chlorides, thereby effectively eliminating the interference on all but brine and

estuarine samples.

Apparatus

5.1

Reflux apparatus: Glassware should consist of a 500 mi Erlenmeyer flask ora 300
ml round bottom flask made of heat-resistant glass connected to a 12 inch Allihn
condenser by means of a ground glass joint. Any equivalent reflux apparatus may be
substituted provided that a ground-glass connection is used between the flask and

the condenser.

Reagents

6.1

6.2

6.3

6.4

6.5
6.6

6.7
6.8

Distilled water: Special precautions should be taken to insure that distilled water
used in this test be low in organic matter.
Standard potassium dichromate solution (0.025 N): Dissolve 12.259 g K,Cr, 04,
primary standard grade, previously dried at 103°C for two hours, in distilled
water and dilute to 1000 ml. Mix this solution thoroughly then dilute 100.0 ml to
1000 m! with distilled water.
Sulfuric acid reagent: Conc. H, SO, containing 23.5 gsilver sulfate, Ag, SO,, per
9 1b. bottle. (With continuous stirring, the silver sulfate may be dissolved in about
30 minutes.)
Standard ferrous ammonium sulfate (0.025 N): Dissolve 98 g of Fe(NH,),
(80,4),°6H, 0 in distilled water. Add 20 ml of conc. H,S0, (6.8), cool and
dilute to 1 liter. Dilute 100 ml of this solution to 1 liter with distilled water. This
solution must be standardized daily against K, Cr, O, solution.
6.4.1Standardization: To 15 ml of distilled water add 10.0 ml of 0.025 N

K, Cr, O, (6.2) solution. Add 20 ml of H,SO,4 (6.8) and cool. Titrate with

ferrous ammonium sulfate (6.4) using 1 drop of ferroin indicator (6.6).
The color change is sharp, going from blue-green to reddish-brown.
(m1 K,Cr,05) (0.025)
ml Fe (NH, ), (804),

Mercuric sulfate : Powdered HgSO,.

Normality =

Phenanthroline ferrous sulfate (ferroin) indicator solution: Dissolve 1.48 g of 1-10
(ortho)phenanthroline monohydrate, together with 0.70 g of FeSO,+7H,0 in
100 ml of water. This indicator may be purchased already prepared.

Silver sulfate : Powdered Ag, SO, .

Sulfuric acid (sp. gr. 1.84) : Concentrated H,SO,.

Procedure

7.1

Place several boiling stones in the reflux flask, followed by 1 g of HgSO, (6.5).

Add 5.0 ml conc. H,80, (6.8); swirl until mercuric sulfate has dissolved. Place
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7.2

7.3

7.4

7.5

reflux flask in an ice bath and slowly add, with swirling, 25.0 mi of 0.025 N
K,Cr, 0, (6.2). Now add 70 ml of sulfuric acid-silver sulfate solution (6.3) to the
cooled reflux flask, again using slow addition with swirling motion.

With the reflux flask still in the ice bath, place 50.0 ml of sample or an aliquot
diluted to 50.0 ml into the reflux flask.

Caution: Care must be taken to assure that the contents of the flask are well
mixed. If not, superheating may result, and the mixture may be blown out of the
open end of the condenser. Attach the flask to the condenser and start the
cooling water.

Apply heat to the flask and reflux for 2 hours. For some waste waters, the 2-hour
reflux period is not necessary. The time required to give the maximum oxidation
for a wastewater of constant or known composition may be determined and a
shorter period of refluxing may be permissible.

Allow the flask to cool and wash down the condenser with about 25 ml of
distilled water. If a round bottom flask has been used, transfer the mixture to a
500 ml Erlenmeyer flask, washing out the reflux flask 3 or 4 times with distilled
water. Dilute the acid solution to about 300 ml with distilled water and allow the
solution to cool to about room temperature. Add 8 to 10 drops of ferroin
indicator (6.6) to the solution and titrate the excess dichromate with 0.025 N
ferrous ammonium sulfate (6.4) solution to the end point. The color change will
be sharp, changing from a blue-green to a reddish hue.

Blank — Simultaneously run a blank determination following the details given in

(7.1) and (7.2), but using low COD water in place of sample.

8. Calculation

8.1

Calculate the COD in the sample in mg/1 as follows:

(A-B)N X 8000
S

COD, mg/liter =

where
= milliliters of Fe(NH,),(S0,), solution required for titration of the
blank,
B = milliliters of Fe(NH,4),(S0,4), solution required for titration of the
sample,
N = normality of the Fe(NH4 ), (SO, ), solution, and

S = milliliters of sample used for the test.
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9. Precision and Accuracy
9.1 Eighty-six analysts in fifty-eight laboratories analyzed a distilled water solution
containing oxidizable organic material equivalent to 12.3 mg/l1 COD. The
standard deviation was *4.15 mg/l COD with an accuracy as percent relative error
(bias) of 0.3%. (EPA Method Research Study 3.)
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CHEMICAL OXYGEN DEMAND
(High Level for Saline Waters)

STORET NO. 00340

Scope and Application
1.1 When the chloride level exceeds 1000 mg/1 the minimum accepted value for the
COD will be 250 mg/l. COD levels which fall below this value are highly

questionable because of the high chloride correction which must be made.

Summary of Method

2.1 Organic and oxidizable inorganic substances in an aqueous sample are oxidized by
potassium dichromate solution in 50 percent (by volume) sulfuric acid solution.
The excess dichromate is titrated with standard ferrous ammonium sulfate using

orthophenanthroline ferrous complex (ferroin) as an indicator.

Sample Handling and Preservation

3.1 Collect the samples in glass bottles, if possible. Use of plastic containers is
permissible if it is known that no organic contaminants are present in the
containers.

3.2 Biologically active samples should be tested as soon as possible. Samples
containing settleable material should be well mixed, preferably homogenized, to
permit removal of representative aliquots.

3.3 Samples are preserved by the addition of 2 ml of conc. H, SO, per liter of sample.

Interferences
4.1 Traces of organic material either from the glassware or atmosphere may cause a
gross, positive error.
4.1.1 Extreme care should be exercised to avoid inclusion of organic materials
in the distilled water used for reagent preparation or sample dilution.
4.1.2 Glassware used in the test should be conditioned by running blank
procedures to eliminate traces of organic material.
4.2 Volatile materials may be lost when the sample temperature rises during the
sulfuric acid addition step.
4.3 Chlorides are quantitatively oxidized by dichromate and represent a positive
interference. Mercuric sulfate is added to the digestion flask to complex the
chlorides, thereby effectively eliminating the interference on all but brine

samples.

25



Apparatus

5.1

Reflux apparatus: Glassware should consist of a 500 ml Erlenmeyer flask or a 300
ml round bottom flask made of heat-resistant glass connected to a 12 inch Allihn
condenser by means of a ground glass joint. Any equivalent reflux apparatus may
be substituted provided that a ground-glass connection is used between the flask

and the condenser.

Reagents

6.1

6.2

6.3

6.4
6.5

6.6
6.7

Standard potassium dichromate solution, (0.25 N): Dissolve 12.2588 g of

K, Cr,0,, primary standard grade, previously dried for 2 hours at 103°C in water

and dilute to 1000 ml.

Sulfuric acid reagent: Conc. H, SO, containing 23.5 g silver sulfate, Ag, SO,, per

9 1b. bottle. (With continuous stirring, the silver sulfate may be dissolved in about

30 minutes.)

Standard ferrous ammonium sulfate, 0.250 N; Dissolve 98 g of Fe(NH, ), (SO4), *

6H, 0 in distilled water. Add 20 ml of conc. H,SO,, (6.7), cool and dilute to 1

liter. This solution must be standardized against the standard potassium

dichromate solution (6.1) daily.

6.3.1 Standardization: Dilute 25.0 ml of standard dichromate solution (6.1) to

about 250 ml with distilled water. Add 75 ml conc. sulfuric acid (6.7).
Cool, then titrate with ferrous ammonium sulfate titrant (6.3), using 10

drops of ferroin indicator (6.5).

(ml K,Cr,0,) (0.25)
ml Fe (NH, ), (S80,4),

Normality =

Mercuric sulfate : Powdered HgSO, .

Phenanthroline ferrous sulfate (ferroin) indicator solution: Dissolve 1.48 g of
1-10-(ortho)-phenanthroline monohydrate, together with 0.70 g of FeSO,-
7H, O in 100 ml of water. This indicator may be purchased already prepared.
Silver sulfate : Powdered Ag,SO,.

Sulfuric acid (sp. gr. 1.84) : Concentrated H,SO,.

Procedure

7.1

Pipet a 50.0 ml aliquot of sample not to exceed 800 mg/1 of COD into a 500 ml,
flat bottom, Erlenmeyer flask. Add 25.0 ml of 0.25 N K, Cr, O, (6.1), then 5 ml
of conc. H,S0, (6.7). Add HgSO, (6.4) in the ratio of 10 mg to 1 mg chloride,
based upon the mg of chloride in the sample aliquot. Swirl until all the mercuric

sulfate has dissolved. Carefully add 70 ml of sulfuric acid-silver sulfate solution
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(6.2) and gently swirl until the solution is thoroughly mixed. Glass beads should
be added to the reflux mixture to prevent bumping, which can be severe and
dangerous.

Caution: The reflux mixture must be thoroughly mixed before heat is applied. If
this is not done, local heating occurs in the bottom of the flask, and the mixture

may be blown out of the condenser.

7.1.1 If volatile organics are present in the sample, use an Allihn condenser and
add the sulfuric acid-silver sulfate solution through the condenser, while
cooling the flask, to reduce loss by volatilization.

7.2 Attach the flask to the condenser and reflux the mixture for two hours.

7.3 Cool, and wash down the interior of the condenser with 25 ml of distilled water.
Disconnect the condenser and wash the flask and condenser joint with 25 ml of
distilled water so that the total volume is 350 ml. Cool to room temperature.

7.4 Titrate with standard ferrous ammonium sulfate (6.3) using 10 drops of ferroin
(6.5) indicator. (This amount must not vary from blank, sample and standardiza-
tion). The color change is sharp, going from blue-green to reddish-brown and
should be taken as the end point although the blue-green color may reappear
within minutes.

7.5 Run a blank, using 50 ml of distilled water in place of the sample together with all

reagents and subsequent treatment.

7.6 For COD values greater than 800 mg/1, a smaller aliquot of sample should be
taken; however, the volume should be readjusted to 50 ml with distilled water
having a chloride concentration equal to the sample.

7.7 Chloride correction (1): Prepare a standard curve of COD versus mg/1 of chloride,
using sodium chloride solutions of varying concentrations following exactly the
procedure outlined. The chloride interval, as a minimum should be 4000 mg/1 up
to 20,000 mg/1 chloride. Lesser intervals of greater concentrations must be run as

per the requirements of the data, but in no case must extrapolation be used.

Calculation
[(A-B) C X 8,000] — 50D
8.1 mg/1 COD = X1.2
ml sample
Where:

COD = chemical oxygen demand from dichromate
A = ml Fe (NH,), (SO4), for blank;
B = ml Fe (NH,; ), (8O,), for sample;
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C = normality of Fe (NH,;), (SO, ),;
D = chloride correction from curve (step 7.7)
1.2 = compensation factor to account for the extent of chloride oxidation which is
dissimilar in systems containing organic and non-organic material.
9. Precision and Accuracy.
9.1 Precision and accuracy data are not available at this time.

Bibliography

1. Burns, E. R., Marshall, C., Journal WPCF, Vol. 37, p 1716-1721 (1965).
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CHLORIDE

STORET NO. 00940

1.  Scope and Application
1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial wastes.
1.2 The method is suitable for all concentration ranges of chloride content; however,
in order to avoid large titration volumes, use a sample aliquot containing not more
than 10 to 20 mg Cl per 50 ml.
1.3 Automated titration may be used.
2. Summary of Method
2.1 Dilute mercuric nitrate solution is added to an acidified sample in the presence of
mixed diphenylcarbazone-bromophenol blue indicator. The end point of the
titration is the formation of the blue-violet mercury diphenylcarbazone complex.
3.  Comments
3.1 Anions and cations at concentrations normally found in surface waters do not
interfere.
3.2 Sulfites interfere. If presence is suspected, oxidize by treating 50 ml of sample
with 0.5 to 1 ml of H,O,.
4. Precision and Accuracy
4.1 Forty-two analysts in eighteen laboratories analyzed synthetic water samples

containing exact increments of chloride, with the following results:

Increment as Precision as Accuracy as
Chloride Standard Deviation Bias, Bias,
mg/liter mg/liter % mg/liter
17 1.54 +2.16 +0.4
18 1.32 +3.50 +0.6
91 2.92 +0.11 +0.1
97 3.16 - 0.51 -0.5
382 11.70 -0.61 -23
398 11.80 -1.19 -4.7

(FWPCA Method Study 1, Mineral and Physical Analyses)
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4.2 In a single laboratory (MDQARL), using surface water samples at an average
concentration of 34 mg C1/1, the standard deviation was *1.0.

Reference

5.1 The procedure to be used for this determination is found in:
ASTM Standards, Part 23, Water; Atmospheric Analysis, p 273, Method 512-67,
Referee Method A (1973).
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CHLORIDE
(Automated)

STORET NO. 00940

Scope and Application

1.1 This automated method is applicable to drinking, surface, and saline waters,
domestic and industrial wastes. The applicable range is 1 to 250 mg Cl/1.
Approximately 15 samples per hour can be analyzed.

Summary of Method

.2.1 Thiocyanate ion (SCN) is liberated from mercuric thiocyanate, through sequestra-
tion of mercury by chloride ion to form un-ionized mercuric chloride. In the
presence of ferric ion, the liberated SCN forms highly colored ferric thiocyanate,
in concentration proportional to the original chloride concentration.

Sample Handling and Preservation

3.1 No special requirements.

Interferences

4.1 No significant interferences.

Apparatus

5.1 Technicon AutoAnalyzer consisting of:

5.1.1 Sampler I.

5.1.2 Continuous filter.

5.1.3 Manifold.

5.1.4 Proportioning pump.

5.1.5 Colorimeter equipped with 15 mm tubular flow cell and 480 nm filters.
5.1.6 Recorder.

Reagents

6.1 Ferric Ammonium Sulfate: Dissolve 60 g of FeNH,(S0;), + 12H,0O in
approximately 500 ml distilled water. Add 355 ml of conc. HNO; and dilute to 1
liter with distilled water. Filter.

6.2 Saturated Mercuric Thiocyanate: Dissolve 5 g of Hg(SCN), in 1 liter of distilled
water. Decant and filter a portion of the saturated supernatant liquid to use as the
reagent and refill the bottle with distilled water.

6.3 Stock Solution (0.0141 N NaCl): Dissolve 0.8241 g of pre-dried (140°C) NaCl in

distilled water. Dilute to 1 liter in a volumetric flask. } ml = 0.5 mg ClL
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6.3.1 Prepare a series of standards by diluting suitable volumes of stock

solution to 100.0 ml with distilled water. The following dilutions are

suggested:
ml of Stock Solution Conc., mg/1
1.0 5.0
2.0 10.0
4.0 20.0
8.0 40.0
15.0 75.0
20.0 100.0
30.0 150.0
40.0 200.0
50.0 250.0
Procedure
7.1 No advance sample preparation is required. Set up manifold as shown in Figure 1.

7.2

7.3

7.4

7.5

For water samples known to be consistently low in chloride content, it is
advisable to use only one distilled water intake line.

Allow both colorimeter and recorder to warm up for 30 minutes. Run a baseline
with all reagents, feeding distilled water through the sample line. Adjust dark
current and operative opening on colorimeter to obtain stable baseline.

Place distilled water wash tubes in alternate openings in sampler and set sample
timing at 2.0 minutes.

Place working standards in sampler in order of decreasing concentrations.
Complete filling of sampler tray with unknown samples.

Switch sample line from distilled water to sampler and begin analysis.

Calculation

8.1

Prepare standard curve by plotting peak heights of processed standards against
known concentrations. Compute concentration of samples by comparing sample

peak heights with standard curve.

Precision and Accuracy

9.1

9.2

In a single laboratory (MDQARL), using surface water samples at concentrations
of 1, 100, and 250 mg Cl/1, the standard deviation was +0.3.
In a single laboratory (MDQARL), using surface water samples at concentrations

of 10 and 100 mg Cl/1, recoveries were 97% and 104%, respectively.
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Bibliography
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CHLORINE, Total Residual

STORET NO. 50060

Scope and Application

1.1

The Amperometric Titration method is applicable to all types of waters and
wastes that do not contain a substantial amount of organic matter. This method

cannot be used for samples containing above 5 mg/1 total residual chlorine.

Summary of Method

2.1

2.2

Phenylarsine oxide is titrated into a buffered sample contained in an ampero-

metric titration cell until the generation of current ceases. Potassium iodide is

added when chlorine is present as a chloramine.

In the iodometric titration, chlorine liberates free iodine from potassium iodide

solutions when its pH is 8 or less. The liberated iodine is titrated with a standard

solution of sodium thiosulfate or phenylarsine oxide with starch as an indicator.

NOTE: In a sewage or other wastewater sample containing a substantial amount

of organic matter, excess sodium thiosulfate or PAO is titrated with a standard

iodine solution until the thiosulfate or PAO is completely oxidized.

Interferences

3.1 Samples containing significant amounts of organic matter interfere with the
amperometric titration and the iodometric method must be used.

3.2 The amperometric titration is not subject to interference from color, turbidity,
iron, manganese, or nitrite nitrogen.

Sample Handling and Preservation

4.1 Chlorine determinations must be started immediately after sampling, avoiding
excessive light and agitation. Samples to be analyzed for chlorine cannot be
stored.

Reference

5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and wastewater, 13th Edition, p
382, Method 204A (1971).
ASTM Standards, Part 23, Water; Atmospheric Analysis, p 280, Method
D1253-68 (1973).
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COLOR
(Platinum-Cobalt)

STORET NO. 00080

Scope and Application

1.1 The Platinum-Cobalt method is useful for measuring color of water derived from

naturally occurring materials, i.e., vegetable residues such as leaves, barks, roots,
humus and peat materials. The method is not applicable to color measurement on
waters containing highly colored industrial wastes.
NOTE 1: The Spectrophotometric and Tristimulus methods are useful for
detecting specific color problems. The use of these methods, however, is laborious
and unless determination of the hue, purity, and luminance is desired, they are of
limited value.

Summary of Method

2.1 Color is measured by visual comparison of the sample with platinum-cobalt
standards. One unit of color is that produced by 1 mg/1 platinum in the form of
the chloroplatinate ion.

Interferences

3.1 Since very slight amounts of turbidity interfere with the determination, samples
showing visible turbidity should be clarified by centrifugation.

3.2 Method is pH dependent.

Sample Handling and Preservation

4.1 Representative samples shall be taken in scrupulously clean glassware.

4.2 Since biological activity may change the color characteristics of a sample, the
determination should be made as soon as possible. Refrigeration at 4°C is
recommended.

Apparatus

5.1 Nessler tubes : Matched, tall form, 50 ml capacity.

Reagents

6.1 Standard chloroplatinate solution: Dissolve 1.246 g potassium chlorplatinate,
K,PtClg, (equivalent to 0.500 g metallic Pt) and 1 g crystalline cobaltous
chloride, CoCl, * 6H, 0, in distilled water containing 100 ml of conc. HCI. Dilute
to 1000 ml with distilled water. This standard solution is equivalent to 500 color

units.
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7. Preparation of Standards
7.1 Prepare standards in increments from 5 to 70 units. The following series is

suggested:

ml of Standard Solution

Diluted to 50.0 ml Color in

with Distilled Water Chloroplatinate Units
0.0 0
0.5 5
1.0 10
1.5 15
2.0 20
2.5 25
3.0 30
3.5 35
4.0 40
4.5 45
5.0 50
6.0 60
7.0 70

7.2 Protect these standards against evaporation and contamination by use of clean,
inert stoppers.
NOTE 2: The standards also must be protected against the absorption of

ammonia since an increase in color will result.

8. Procedure
8.1 Apparent color: Observe the color of the sample by filling a matched Nessler tube
to the 50 ml mark with the water and compare with standards. This comparison is
made by looking vertically downward through the tubes toward a white or
specular surface placed at such an angle that light is reflected upward through the
columns of liquid. If turbidity has not been removed by the procedure given in
(8.2), report the color as “apparent color”. If the color exceeds 70 units, dilute
the sample with distilled water in known proportions until the color is within the

range of the standards.
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8.2 True color: Remove turbidity by centrifuging the sample until the supernatant is
clear. The time required will depend upon the nature of the sample, the speed of
the motor, and the radius of the centrifuge, but rarely will more than one hour be
necessary. Compare the centrifuged sample with distilled water to insure that
turbidity has been removed. If the sample is clear, then compare with standards as
given in (8.1).

9. Calculation

9.1 Calculate the color units by means of the following equation:

A X 50
Color units = ——

where:
A = estimated color of diluted sample.
V = ml sample taken for dilution.

9.2 Report the results in whole numbers as follows:

Color Units Record to Nearest
1-50 1
51-100 5
101-250 10
251-500 20

10. Precision and Accuracy

10.1 Precision and accuracy data are not available at this time.
11. Reference

11.1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
160, Method 118 (1971).
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COLOR
(Spectrophotometric)

STORET NO. 00080

Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial wastes. It must be used for industrial wastes that cannot be determined
by the Platinum-Cobalt method.

Summary of Method

2.1 Color characteristics are measured at pH 7.6 .and at the original pH by obtaining
the visible absorption spectrum of the sample on a spectrophotometer. The
percent transmission at certain selected wavelengths is used to calculate the
results.

2.2 The results are expressed in terms of dominant wavelength, hue, luminance, and
purity.

Interferences

3.1 Since very slight amounts of turbidity interfere with the determination, samples
must be filtered before analysis.

Sample Handling and Preservation

4.1 Since biological activity may change the color characteristics of a sample, the
determination should be made as soon as possible. Refrigeration at 4°C is
recommended.

Reference

5.1 The procedure to be used for this determinationis found in:
Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
391, Method 206A (1971).
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CYANIDE, Total

STORET NO. 00720

Scope and Application

1.1 This method is applicable to the determination of cyanide in drinking, surface,
and saline waters, domestic and industrial wastes.

1.2 The titration procedure using silver nitrate with p-dimethylamino-benzal-
rhodanine indicator is used for measuring concentrations of cyanide exceeding 1
mg/1 (0.2 mg/200 ml of absorbing liquid).

1.3 The colorimetric procedure is used for concentrations below 1 mg/1 of cyanide
and is sensitive to about 0.02 mg/1.

Summary of Method

2.1 The cyanide as hydrocyanic acid (HCN) is released from cyanide complexes by
means of a reflux-distillation operation and absorbed in a scrubber containing
sodium hydroxide solution. The cyanide ion in the absorbing solution is then
determined by volumetric titration or colorimetrically.

2.2 In the colorimetric measurement the cyanide is converted to cyanogen chloride,
CNCl, by reaction with chloramine-T at a pH less than 8 without hydrolyzing to
the cyanate. After the reaction is complete, color is formed on the addition of
pyridine-pyrazolone or pyridine-barbituric acid reagent. The absorbance is read at
620 nm when using pyridine-pyrazolone or 578 nm for pyridine-barbituric acid.
To obtain colors of comparable intensity, it is essential to have the same salt
content in both the sample and the standards.

2.3 The titrimetric measurement uses a standard solution of silver nitrate to titrate
cyanide in the presence of a silver sensitive indicator.

Definitions

3.1 Cyanide is defined as cyanide ion and complex cyanides converted to hydrocyanic
acid (HCN) by reaction in a reflux system of a mineral acid in the presence of
cuprous ion.

Sample Handling and Preservation

4.1 The sample should be collected in plastic bottles of 1 liter or larger size. All
bottles must be thoroughly cleansed and thoroughly rinsed to remove soluble
material from containers.

4.2 Samples must be preserved with 2 ml of 10 N sodium hydroxide per liter of
sample (pH>12) at the time of collection.
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4.3 Samples should be analyzed as rapidly as possible after collection. If storage is
required, the samples should be stored in a refrigerator or in an ice chest filled
with water and ice to maintain temperature at 4°C.

4.4 Oxidizing agents such as chlorine decompose most of the cyanides. Test a drop of
the sample with potassium iodide-starch test paper (KI-starch paper); a blue color
indicates the need for treatment. Add ascorbic acid, a few crystals at a time, until
a drop of sample produces no color on the indicator paper. Then add an
additional 0.6 g of ascorbic acid for each liter of sample volume.

5. Interferences

5.1 Interferences are eliminated or reduced by using the distillation procedure
described in Procedure (8.1 through 8.5).

5.2 Sulfides adversely affect the colorimetric and titration procedures. If a drop of
the sample on lead acetate test paper indicates the presence of sulfides, treat 25
ml more of the stabilized sample (pH>12) than that required for the cyanide
determination with powdered cadmium carbonate. Yellow cadmium sulfide
precipitates if the sample contains sulfide. Repeat this operation until a drop of
the treated sample solution does not darken the lead acetate test paper. Filter the
solution through a dry filter paper into a dry beaker, and from the filtrate,
measure the sample to be used for analysis. Avoid a large excess of cadmium and a
long contact time in order to minimize a loss by complexation or occlusion of
cyanide on the precipitated material.

5.3 Fatty acids will distill and form soaps under the alkaline titration conditions,
making the end point almost impossible to detect.

5.3.1 Acidify the sample with acetic acid (1+9) to pH 6.0 to 7.0.

Caution: This operation must be performed in the hood and the sample
left there until it can be made alkaline again after the extraction has been
performed.

5.3.2 Extract with iso-octane, hexane, or chloroform (preference in order
named) with a solvent volume equal to 20% of the sample volume. One
extraction is usually adequate to reduce the fatty acids below the
interference level. Avoid multiple extractions or a long contact time at
low pH in order to keep the loss of HCN at a minimum. When the
extraction is completed, immediately raise the pH of the sample to above

12 with NaOH solution.
6. Apparatus

6.1 Reflux distillation apparatus such as shown in Figure 1 or Figure 2. The boiling
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flask should be of 1 liter size with inlet tube and provision for condenser. The gas
absorber may be a Fisher-Milligan scrubber.

6.2 Microburet, 5.0 ml (for titration).

6.3 Spectrophotometer suitable for measurements at 578 nm or 620 nm with a 1.0
cm cell or larger.

Reagents

7.1 Sodium hydroxide solution: Dissolve 50 g of NaOH in distilled water, and dilute
to 1 liter with distilled water.

7.2 Cadmium carbonate: powdered.

7.3 Ascorbic acid: crystals.

7.4 Cuprous Chloride Reagent: Weigh 20 g of finely powdered Cu, Cl, into an 800 ml

beaker. Wash twice, by decantation, with 250 ml portions of dilute sulfuric acid
(H,SO,, 1 + 49) and then twice with water. Add about 250 ml of water and then
hydrochloric acid (HCI, sp gr 1.19) “cautiously” until the salt dissolves (See
Note 1). Dilute to 1 liter with distilled water and store in a tightly stoppered
bottle containing a few lengths of pure copper wire or rod extending from the
bottom to the mouth of the bottle (See Note 2).
Note 1: Approximately 100 ml of HCl will be required for dissolution. The
reagent should be clear; dark discoloration indicates the presence of cupric salts.
Note 2: If it is desired to use a reagent bottle of smaller volume, it should be kept
completely filled and tightly stoppered. Refill it from the stock solution after
each use.

7.5 Sulfuric acid: concentrated.

7.6 Sodium dihydrogenphosphate, 1 M: Dissolve 138 g of NaH, PO, *H, O in 1 liter of
distilled water. Refrigerate this solution.

7.7 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOH in 1 liter of distilled
water. Standardize with 0.0192 N AgNQ,. Dilute to appropriate concentration so
that 1 ml = 1 mg CN.

7.8 Standard cyanide solution, intermediate: Dilute 10.0 ml of stock (1 ml = 1 mg
CN) to 1000 ml with distilled water (1 ml = 10ug).

7.9 Standard cyanide solution: Prepare fresh daily by diluting 100.0 ml of
intermediate cyanide solution to 1000 ml with distilled water and store in a glass
stoppered bottle. 1 ml= 1.0ug CN (1.0 mg/1).

7.10 Standard silver nitrate solution, 0.0192 N: Prepare by crushing approximately 5 g
AgNOj; crystals and drying to constant weight at 40°C. Weigh out 3.2647 g of
dried AgNO,, dissolve in distilled water, and dilute to 1000 ml (1 ml = mg CN).
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7.11 Rhodanine indicator: Dissolve 20 mg of p-dimethyl-amino-benzalrhodanine in

100 ml of acetone.

7.12 Chloramine T solution: Dissolve 1.0 g of white, water soluble Chloramine T in 100

ml of distilled water and refrigerate until ready to use. Prepare fresh weekly.

7.13 Color Reagent — One of the following may be used:

7.13.1 Pyridine-Barbituric Acid Reagent: Place 15 g of barbituric acid in a

250 ml volumetric flask and add just enough distilled water to wash
the sides of the flask and wet the barbituric acid. Add 75 ml of
pyridine and mix. Add 15 ml of HCI (sp gr 1.19), mix, and cool to

room temperature. Dilute to 250 ml with distilled water and mix.

This reagent is stable for approximately six months if stored in a

cool, dark plate.

7.13.2 Pyridine-pyrazolone solution:

7.13.2.1

7.13.2.2

7.13.2.3

8. Procedure
8.1 Place 500 ml of sample, or an aliquot diluted to 500 mlin the 1 liter boiling flask.
Add 50 ml of sodium hydroxide (7.1) to the absorbing tube and dilute if

8.2

3-Methyl-1-phenyl-2-pyrazolin-5-one reagent, saturated solu-
tion. Add 0.25 g of 3-methyl-1-phenyl-2-pyrazolin-5-one to
50 ml of distilled water, heat to 60°C with stirring. Cool to
room temperature.

3,3'Dimethyl-1, 1"-diphenyl-[4,4"-bi-2 pyrazoline] -5,5'dione
(bispyrazolone). Dissolve 0.01 g of bispyrazolone in 10 ml of
pyridine.

Pour solution (7.13.2.1) through nonacid-washed filter paper.
Collect the filtrate. Through the same filter paper pour
solution (7.13.2.2) collecting the filtrate in the same contain-
er as filtrate from (7.13.2.1). Mix until the filtrates are
homogeneous. The mixed reagent develops a pink color but
this does not affect the color production with cyanide if used

within 24 hours of preparation.

necessary with distilled water to obtain an adequate depth of liquid in the

absorber. Connect the boiling flask, condenser, absorber and trap in the train.

Start a slow stream of air entering the boiling flask by adjusting the vacuum

source. Adjust the vacuum so that approximately one bubble of air per second

enters the boiling flask through the air inlet tube.
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8.3

8.4

8.5

8.6

8.7

8.8

Caution: The bubble rate will not remain constant after the reagents have been
added and while heat is being applied to the flask. It will be necessary to readjust
the air rate occasionally to prevent the solution in the boiling flask from backing
up into the air inlet tube.

Slowly add 25 ml conc. sulfuric acid (7.5) through the air inlet tube. Rinse the
tube with distilled water and allow the airflow to mix the flask contents for 3
min. Pour 10 ml of Cu,Cl, reagent (7.4) into the air inlet and wash down with a
stream of water.

Heat the solution to boiling, taking care to prevent the solution from backing up
into and overflowing from the air inlet tube. Reflux for one hour. Turn off heat
and continue the airflow for at least 15 minutes. After cooling the boiling flask,
disconnect absorber and close off the vacuum source.

Drain the solution from the absorber into a 250 ml volumetric flask and bring up
to volume with distilled water washings from the absorber tube.

Withdraw 50 ml of the solution from the volumetric flask and transfer to a 100
ml volumetric flask. Add 15 ml of sodium phosphate solution (7.6) and 2.0 ml of
Chloramine T solution (7.12) and mix. Immediately add 5.0 ml pyridine-
barbituric acid solution (7.13.1), or pyridine-pyrazolone solution (7.13.2.3), mix
and bring to mark with distilled water and mix again.

NOTE: If 2 ml chloramine T solution produces a precipitate with
pyridine-pyrazolone, use a lesser amount (0.2 ml) making certain that an excess of

chlorine is present.

For pyridine-pyrazolone solution allow 40 minutes for color development then
read absorbance at 620 nm in a 1 cm cell. When using pyridine-barbituric acid,
allow 8 minutes for color development then read absorbance at 578 nm ina 1.0

cm cell within 15 minutes.

Prepare a series of standards by diluting suitable volumes of standard solution to
500.0 ml with distilled water as follows:
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8.8.1

8.8.2

8.8.3

8.8.4

8.9

8.10 Titrate with standard silver nitrate to the first change in color from yellow to

8.11 The analyst should familiarize himself with the end point of the titration and the

ml] of Standard Solution Conc., When Diluted to

(1.0 = 1ug CN) 500 ml, mg/1 CN

0 (Blank) 0

5.0 0.01

10.0 0.02

20.0 0.04

50.0 0.10

100.0 0.20

150.0 0.30

200.0 0.40

Standards must be treated in the same manner as the samples, as outlined
in (8.1) through (8.7) above.

Prepare a standard curve by plotting absorbance of standard vs. cyanide
concentrations.

Subsequently, at least two standards (a high and a low) should be treated
as in (8.8.1) to verify standard curve. If results are not comparable
(¥20%), a complete new standard curve must be prepared.

To check the efficiency of the sample distillation, add an increment of
cyanide from either the intermediate standard (7.8) or the working
standard (7.9) to insure a level of 20ug/1 or a significant increase in
absorbance value. Proceed with the analysis as in Procedure (8.8.1) using
the same flask and system from which the previous sample was just
distilled.

Alternatively, if the sample contains more than 1 mg of CN transfer the distillate,
or a suitable aliquot diluted to 250 ml, to a 500 ml Erlenmeyer flask. Add 10-12

drops of the benzalrhodanine indicator.

brownish-pink. Titrate a distilled water blank using the same amount of sodium

hydroxide and indicator as in the sample.

amount of indicator to be used before actually titrating the samples. A 5 or 10 ml

microburet may be conveniently used to obtain a more precise titration.
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9.

10.

Calculation

9.1 Using the colorimetric procedure, calculate concentration of CN, mg/l, directly
from prepared standard curve compensating for sample dilution if less than 500
ml was used for distillation.

9.2 Using the titrimetric procedure, calculate concentration of CN as follows:

(A-B) 1000 250
X

ml original sample ml of aliquot titrated

CN, mg/l =

where:
A = volume of AgNO, for titration of sample.
B = volume of AgNQ, for titration of blank.
Precision and Accuracy
10.1 In a single laboratory (MDQARL), using mixed industrial and domestic waste
samples at concentrations of 0.06, 0.13, 0.28 and 0.62 mg/1 CN, the standard
deviations were £0.005, £0.007, £0.031, and +0.094, respectively.
10.2 In a single laboratory (MDQARL), using mixed industrial and domestic waste
samples at concentrations of 0.28 and 0.62 mg/l CN, recoveries were 85% and

102%, respectively.
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CYANIDES, Amenable to Chlorination

STORET NO. 00722

Scope and Application

1.1

1.2

This method is applicable to the determination of cyanides amenable to
chlorination in drinking, surface, and saline waters, and domestic and industrial
wastes.

The titration procedure is used for measuring concentrations of cyanide exceeding
1 mg/1 after removal of the cyanides amenable to chlorination. Below this level

the colorimetric determination is used.

Summary of Method

2.1

A portion of the sample is chlorinated at a pH>11 to decompose the cyanide.
Cyanide levels in the chlorinated sample are then determined by the method for
Cyanide, Total, in this manual. Cyanides amenable to chlorination are then

calculated by difference.

Reagents

3.1

3.2

3.3
3.4

Calcium Hypochlorite solution: Dissolve 5 g of calcium hypochlorite (Ca(OCl),)
in 100 ml of distilled water.

Sodium Hydroxide solution: Dissolve 50 g of sodium hydroxide (NaOH) in
distilled water and dilute to 1 liter.

Ascorbic acid: crystals.

Potassium lodide - starch test paper.

Procedure

4.1

4.2

Two sample aliquots are required to determine cyanides amenable to chlorination.
To one 500 ml aliquot or a volume diluted to 500 ml, add calcium hypochlorite
solution (3.1) dropwise while agitating and maintaining the pH between 11 and
12 with sodium hydroxide (3.2).

Caution: The initial reaction product of alkaline chlorination is the very toxic gas
cyanogen chloride; therefore, it is recommended that this reaction be performed
in a hood. For convenience, the sample may be agitated in a 1 liter beaker by
means of a magnetic stirring device.

Test for residual chlorine with Kl-starch paper (3.4) and maintain this excess for
one hour, continuing agitation. A distinct blue color on the test paper indicates a

sufficient chlorine level. If necessary, add additional hypochlorite solution.
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4.3 After one hour, add 0.5 g portions of ascorbic acid (3.3) until Kl-starch paper
shows no residual chlorine. Add an additional 0.5 g of ascorbic acid to insure the
presence of excess reducing agent.

4.4 Test for total cyanide in both the chlorinated and unchlorinated aliquots as in the
method Cyanide, Total, in this manual.

5. Calculation

5.1 Calculate the cyanide amenable to chlorination as follows:
CN, mg/1=A-B
where:

A = mg/1 total cyanide in unchlorinated aliquot

B = mg/1 total in chlorinated aliquot

Bibliography

1.  ASTM Standards, Part 23, Water; Atmospheric Analysis, p 503, Method B, D2036-72
(1973).
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DISSOLVED OXYGEN
(Modified Winkler With Full-Bottle Technique)

STORET NO. 00300

1.  Scope and Application

1.1

1.2

1.3

This method is applicable for use with most wastewaters and streams that contain
nitrate nitrogen and not more than 1 mg/1 of ferrous iron. Other reducing or
oxidizing materials should be absent. If 1 ml of fluoride solution is added before
acidifying the sample and there is no delay in titration, the method is also
applicable in the presence of 100-200 mg/1 ferric iron.

The Dissolved Oxygen (DO) Probe technique gives comparable results on all
sample types.

The azide modification is not applicable under the following conditions: (a)
samples containing sulfite, thiosulfate, polythionate, appreciable quantities of free
chlorine or hypochlorite; (b) samples high in suspended solids; (c) samples
containing organic substances which are readily oxidized in a highly alkaline
solution. or which are oxidized by free iodine in an acid solution; (d) untreated
domestic sewage; (¢) biological flocs; and (f) where sample color interferes with
endpoint detection. In instances where the azide modification is not applicable,

the DO probe should be used.

2. Summary of Method

2.1

The sample is treated with manganous sulfate, potassium hydroxide, and
potassium iodide (the latter two reagents combined in one solution) and finally
sulfuric acid. The initial precipitate of manganous hydroxide, Mn(OH),, combines
with the dissolved oxygen in the sample to form a brown precipitate, manganic
hydroxide, MnO(OH),. Upon acidification, the manganic hydroxide forms
manganic sulfate which acts as an oxidizing agent to release free iodine from the
potassium iodine. The iodine, which is stoichiometrically equivalent to the
dissolved oxygen in the sample is then titrated with sodium thiosulfate or

phenylarsine oxide (PAQO).

3. Interferences

3.1

3.2

There are a number of interferences to the dissolved oxygen test, including
oxidizing and reducing agents, nitrate ion, ferrous iron, and organic matter.
Various modifications of the original Winkler procedure for dissolved oxygen have

been developed to compensate for or eliminate interferences. The Alsterberg
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3.3

modification is commonly used to successfully eliminate the nitrite interference,
the Rideal-Stewart modification is designed to eliminate ferrous iron interference,
and the Theriault procedure is used to compensate for high concentration of
organic materials.

Most of the common interferences in the Winkler procedure may be overcome by

use of the dissolved oxygen probe.

Sample Handling and Preservation

4.1

4.2

4.3

4.4

4.5

Where possible, collect the sample in a 300 ml BOD incubation bottle. Special

precautions are required to avoid entrainment or solution of atmospheric oxygen

or loss of dissolved oxygen.

Where samples are collected from shallow depths (less than 5 feet), use of an

APHA-type sampler is recommended. Use of a Kemmerer type sampler is

recommended for samples collected from depths of greater than 5 feet.

When a Kemmerer sampler is used, the BOD sample bottle should be filled to

overflowing. (Qverflow for approximately 10 seconds). Outlet tube of Kemmerer

should be inserted to bottom of BOD bottle. Care must be taken to prevent

turbulence and the formation of bubbles when filling bottle.

At time of sampling, the sample temperature should be recorded as precisely as

required.

Do not delay the determination of dissolved oxygen in samples having an

appreciable iodine demand or containing ferrous iron. If samples must be

preserved either method (4.5.1) or (4.5.2) below, may be employed.

4.5.1 Add 2 ml of manganous sulfate solution (6.1) and then 2 ml of alkaline

iodide-azide solution (6.2) to the sample contained in the BOD botile.
Both reagents must be added well below the surface of the liquid.
Stopper the bottle immediately and mix the contents thoroughly. The
sample should be stored at the temperature of the collection water, or
water sealed and kept at a temperature of 10 to 20°C, in the dark.
Complete the procedure by adding 2 ml H,SO, (see 7.1) at time of

analysis.
4.5.2 Add 0.7 ml of conc. H,SO, (6.3) and 1 ml sodium azide solution (2 g

NaN; in 100 ml distilled water) to the sample in the BOD bottle. Store
sample as in (4.5.1). Complete the procedure using 2 ml of manganous
sulfate solution (6.1), 3 ml alkaline iodide-azide solution (6.2), and 2 ml

of conc. H, SO, (6.3) at time of analysis.

4.6 1If either preservation technique is employed, complete the analysis within 4-8

hours after sampling.
52



Apparatus

5.1

5.2

Sample bottles — 300 ml *3 ml capacity BOD incubation bottles with tapered
ground glass pointed stoppers and flared mouths.

Pipets — with elongated tips capable of delivering 2.0 ml +0.10 ml of reagent.

Reagents

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

Manganous sulfate solution: Dissolve 480 g manganous sulfate (MnSO, *4H, Q) in
distilled water and dilute to 1 liter.

6.1.1 Alternatively, use 400 g of MnSO, *2H, O or 364 g of MnSO, *H, O per
liter. When uncertainty exists regarding the water of crystallization, a
solution of equivalent strength may be obtained by adjusting the specific
gravity of the solution to 1.270 at 20°C.

Alkaline iodide-azide solution: Dissolve 500 g of sodium hydroxide (NaOH) or
700 g of potassium hydroxide (KOH) and 135 g of sodium iodide (Nal) or 150 g
of potassium iodide (KI) in distilled water and dilute to 1 liter. To this solution
add 10 g of sodium azide (NaN; ) dissolved in 40 ml of distilled water.
Sulfuric acid: concentrated.
Starch solution: Prepare an emulsion of 10 g soluble starch in a mortar or beaker
with a small quantity of distilled water. Pour this emulsion into 1 liter of boiling
water, allow to boil a few minutes, and let settle overnight. Use the clear
supernate. This solution may be preserved by the addition of 5 ml per liter of
chloroform and storage in a 10°C refrigerator.

6.4.1 Dry, powdered starch indicators such as ‘“thyodene” may be used in

place of starch solution.

Potassium fluoride solution: Dissolve 40 g KF+2H, O in distilled water and dilute
to 100 ml.
Sodium thiosulfate, stock solution, 0.75 N: Dissolve 186.15 g Na, S, 05 *5H,0 in
boiled and cooled distilled water and dilute to 1 liter. Preserve by adding 5 ml
chloroform.
Sodium thiosulfate standard titrant, 0.0375 N: Prepare by diluting 50.0 ml of
stock solution to 1 liter. Preserve by adding 5 ml of chloroform. Standard sodium
thiosulfate, exactly 0.0375 N is equivalent to 0.300 mg of DO per 1.00 ml.
Standardize with 0.0375 N potassium biiodate.
Potassium biiodate standard, 0.0375 N: For stock solution, dissolve 4.873 g of
potassium biiodate, previously dried 2 hours at 103°C, in 1000 ml of distilled
water. To prepare working standard, dilute 250 ml to 1000 ml for 0.0375 N

biiodate solution.
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6.9 Standardization of 0.0375 N sodium thiosulfate: Dissolve approximately 2 g

(1.0 g) KI in 100 to 150 ml distilled water; add 10 ml of 10% H,SO, followed
by 20.0 ml standard potassium biiodate (6.8). Place' in dark for 5 minutes, dilute
to 300 ml, and titrate with the standard sodium thiosulfate (6.7) to a pale straw
color. Add 1-2 ml starch solution and continue the titration drop by drop until
the blue color disappears. Run in duplicate. Duplicate determinations should

agree within +0.05 ml.

6.10 As an alternative to the sodium thiosulfate, phenylarsine oxide (PAO) may be

used. This is available, already standardized, from commercial sources.

7. Procedure

7.1

7.2

7.3

7.4

To the sample collected in the BOD incubation bottle, add 2 ml of the manganous
sulfate solution (6.1) followed by 2 ml of the alkaline iodide-azide solution (6.2),
well below the surface of the liquid; stopper with care to exclude air bubbles, and
mix well by inverting the bottle several times. When the precipitate settles, leaving
a clear supernatant above the manganese hydroxide floc, shake again. When
settling has produced at least 200 ml of clear supernant, carefully remove the
stopper and immediately add 2 ml of conc. H, SO, (6.3)(sulfamic acid packets, 3
g may be substituted for H, SO, )(1) by allowing the acid to run down the neck of
the bottle, re-stopper, and mix by gentle inversion until the iodine is uniformly
distributed throughout the bottle. Complete the analysis within 45 minutes.
Transfer the entire bottle contents by inversion into a 500 ml wide mouth flask
and titrate with 0.0375 N thiosulfate solution (6.7) (0.0375 N phenyarsine oxide
(PAO) may be substituted as titrant) to a pale straw color. Add 1-2 ml of starch
solution (6.4) or 0.1 g of powdered indicator and continue to titrate to the first
disappearance of the blue color.

If ferric iron is present (100 to 200 ppm), add 1.0 ml of KF (6.5) solution before
acidification.

Occasionally, a dark brown or black precipitate persists in the bottle after
acidication. This precipitate will dissolve if the solution is kept for a few minutes
longer than usual or, if particularly persistent, a few more drops of H,SO, will

effect dissolution.

8.  Calculation

8.1

8.2

Each ml of 0.0375 sodium thiosulfate (or PAQ) titrant is equivalent to 1 mg DO
when the entire bottle contents are titrated.
If the results are desired in milliliters of oxygen gas per liter at 0°C and 760 mm

pressure, multiply mg/1 DO by 0.698.
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8.3

8.4

To express the results as percent saturation at 760 mm atmospheric pressure, the
solubility data in Table 218 (Whipple & Whipple Table, p 480, Standard Methods,
13th Edition) may be used. Equations for correcting the solubilities to barometric
pressures other than mean sea level are given below the table.

The solubility of DO in distilled water at any barometric pressure, p (mm Hg),
temperature, T°C, and saturated vapor pressure, u (mm Hg), for the given T, may

be calculated between the temperature of 0° and 30°C by:

(P—u) X 0.678
35+T

ml/1 DO =

and between 30° and 50°C by:

(P—u) X 0.827
49+ T

ml/1 DO =

Precision and Accuracy

9.1

Exact data are unavailable on the precision and accuracy of this technique;
however, reproducibility is approximately 0.2 ppm of DO at the 7.5 ppm level

due to equipment tolerances and uncompensated displacement errors.
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DISSOLVED OXYGEN
(Electrode)

STORET NO. 060299

Scope and Application

1.1

1.2

1.3

1.4

1.5

The probe method for dissolved oxygen is recommended for those samples
containing materials which interfere with the modified Winkler procedure such as
sulfite, thiosulfate, polythionate, mercaptans, free chlorine or hypochlorite,
organic substances readily hydrolyzed in alkaline solutions, free iodine, intense
color or turbidity, biological flocs, etc.

The probe method is recommended as a substitute for the modified Winkler
procedure in monitoring of streams, lakes, outfalls, etc., where it is desired to
obtain a continuous record of the dissolved oxygen content of the water under
observation.

The probe method may be used as a substitute for the modified Winkler
procedure in BOD determinations where it is desired to perform nondestructive
DO measurements on a sample.

The probe method may be used under any circumstances as a substitute for the
modified Winkler procedure provided that the probe itself is standardized against
the Winkler method on samples free of interfering materials.

The electronic readout meter for the output from dissolved oxygen probes is
normally calibrated in convenient scale (0 to 10, 0 to 15, 0 to 20 mg/1 for

example) with a sensitivity of approximately 0.05 mg/liter.

Summary of Method

2.1

The most common instrumental probes for determination of dissolved oxygen in
water are dependent upon electrochemical reactions. Under steady-state condi-
tions, the current or potential can be correlated with DO concentrations.
Interfacial dynamics at the probe-sample interface are a factor in probe response
and a significant degree of interfacial turbulence is necessary. For precision

performance, turbulence should be constant.

Sample Handling and Preservation

3.1

See 4.1, 4.2, 4.3, 4.4 under Modified Winkler Method.

Interferences

4.1

Dissolved organic materials are not known to interfere in the output from

dissolved oxygen probes.
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4.2 Dissolved inorganic salts are a factor in the performance of dissolved oxygen

probe.
4.2.1

4.2.2

Probes with membranes respond to partial pressure of oxygen which in
turn is a function of dissolved inorganic salts. Conversion factors for
seawater and brackish waters may be calculated from dissolved oxygen
saturation versus salinity data. Conversion factors for specific inorganic
salts may be developed experimentally. Broad variations in the kinds and
concentrations of salts in samples can make the use of a membrane probe
difficult.

The thallium probe requires the presence of salts in concentrations which

provide a minimum conductivity of approximately 200 micromhos.

4.3 Reactive compounds can interfere with the output or the performance of

dissolved oxygen probes.

4.3.1

4.3.2

Reactive gases which pass through the membrane probes may interfere.
For example, chlorine will depolarize the cathode and cause a high
probe-output. Long-term exposures to chlorine will coat the anode with
the chloride of the anode metal and eventually desensitize the probe.
Alkaline samples in which free chlorine does not exist will not interfere.
Hydrogen sulfide will interfere with membrane probes if the applied
potential is greater than the half-wave potential of the sulfide ion. If the
applied potential is less than the half-wave potential, an interfering
reaction will not occur, but coating of the anode with the sulfide of the
anode metal can take place.

Sulfur compounds (hydrogen sulfide, sulfur dioxide and mercaptans, for
example) cause interfering outputs from the thallium probe. Halogens do

not interfere with the thallium probe.

4.4 At low dissolved oxygen concentrations, pH variation below pH 5 and above pH 9

interfere with the performance of the thallium probe (approximately +0.05 mg/1

DO per pH unit). The performance of membranes is not affected by pH changes.

4.5 Dissolved oxygen probes are temperature sensitive, and temperature compensa-

tion is normally provided by the manufacturer. The thallium probe has a

temperature coefficient of 1.0 mv/°C. Membrane probes have a temperature

coefficient of 4 to 6 percent/°C dependent upon the membrane employed.

Apparatus

5.1 No specific probe or accessory is especially recommended as superior. However,

probes which have been evaluated or are in use and found to be reliable are the
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Weston & Stack DO Analyzer Model 30, the Yellow Springs Instrument (YSI)
Model 54, and the Beckman Fieldlab Oxygen Analyzer.

Calibration

Follow manufacturer instructions.

Procedure

Follow manufacturer instructions.

Calculation

Follow manufacturer instructions.

Precision and Accuracy

Manufacturer’s specification claim 0.1 mg/1 repeatability with £1% accuracy.
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FLUORIDE, Total
(SPADNS Method with Bellack Distillation)

STORET NO. Total 00951
Dissolved 00950

Scope and Application
1.1 This method is applicable to the measurement of fluoride in drinking, surface, and
saline waters, domestic and industrial wastes.

1.2 The method covers the range from 0.1 to about 2.5 mg/1 F.

Summary of Method
2.1 Following distillation to remove interferences, the sample is treated with the
SPADNS reagent. The loss of color resulting from the reaction of fluoride with

the zirconyl-SPADNS dye is a function of the fluoride concentration.

Comments

3.1 The SPADNS reagent is more tolerant of interfering materials than other accepted
fluoride reagents. Reference to Table 121(1), p 169, Standard Methods for the
Examination of Waters and Wastewaters, 13th Edition, will help the analyst
decide if distillation is required. The addition of the highly colored SPADNS
reagent must be done with utmost accuracy because the fluoride concentration is
measured as a difference of absorbance in the blank and the sample. A small error
in reagent addition is the most prominent source of error in this test.

3.2 Care must be taken to avoid overheating the flask above the level of the solution.

This is done by maintaining an even flame entirely under the boiling flask.

Precision and Accuracy

4.1 On a sample containing 0.83 mg/1 F with no interferences, 53 analysts using the
Bellack distillation and the SPADNS reagent obtained a mean of 0.81 mg/1 F
with a standard deviation of £+0.089 mg/1.

4.2 On a sample containing 0.57 mg/1 F (with 200 mg/1 SO, and 10 mg/1 Al as
interferences) 53 énalysts using the Bellack distillation obtained a mean of 0.60
mg F/1 with a standard deviation of +0.103 mg/1.

4.3 On a sample containing 0.68 mg/1 F (with 200 mg/1 SO, 2 mg/1 Al and 2.5 mg/1
{Na(PO; )¢ ] as interferences), 53 analysts using the Bellack distillation obtained a
mean of 0.72 mg/1 F with a standard deviation of +0.092 mg/1.

(Analytical Reference Service, Sample 111-B water, Fluoride, August, 1961.)

59



5. Reference
5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewaters, p 171-172
(Method No. 121A, Preliminary Distillation Step) and p 174-176 (Method 121 C,
SPADNS) 13th Edition, (1971).
ASTM Standards, Part 23, Water; Atmospheric Analysis, p 312, Method D
1179-72, (1973).
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FLUORIDE
(Automated Complexone Method)

STORET NO. 00950

1.  Scope and Application
1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial wastes. The applicable range of the method is 0.05 to 1.5 mg F/1.
Twelve samples per hour can be analyzed.
1.2 For Total or Total Dissolved Fluoride, the Bellack Distillation must be performed
on the samples prior to analysis by the complexone method.
2. Summary of Method
2.1 Fluoride ion reacts with the red cerous chelate of alizarin complexone. It is unlike
other fluoride procedures in that a positive color is developed as contrasted to a
bleaching action in previous methods.
3. Sample Handling and Preservation
3.1 No special requirements.
4. Interferences
4.1 Method is free from most anionic and cationic interferences, except aluminum,
which forms an extremely stable fluoro compound, AlFg ~3. This is overcome by
treatment with 8-hydroxyquinoline to complex the aluminum and by subsequent
extraction with chloroform. At aluminum levels below 0.2 mg/1, the extraction

procedure is not required.

5. Apparatus
5.1 Technicon AutoAnalyzer Unit consisting of:
5.1.1 Sampler 1.
5.1.2 Manifold.
5.1.3 Proportioning pump.
5.1.4 Continuous filter.
5.1.5 Colorimeter equipped with 15 mm tubular flow cell and 650 nm filters.
5.1.6 Recorder equipped with range expander.
6. Reagents
6.1 Sodium acetate solution: Dissolve 272 g (2 moles) of sodium acetate in distilled
water and dilute to 1 liter.
6.2 Acetic acid-8-hydroxyquinoline solution: Dissolve 6 g of 8-hydroxyquinoline in

34 ml of conc. acetic acid, and dilute to 1 liter with distilled water.
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6.3
6.4

6.5
6.6

6.7

6.8

Chloroform: Analytical reagent grade.

Ammonium acetate solution (6.7%): Dissolve 67 g of ammonium acetate in
distilled water and dilute to 1 liter.

Hydrochloric acid (2 N): Dilute 172 ml of conc. HC1 to 1 liter.

Lanthanum alizarin fluoride blue solution(1): Dissolve 0.18 g of alizarin fluoride
blue in a solution containing 0.5 ml of conc. ammonium hydroxide and 15 ml of
6.7% ammonium acetate (6.4). Add a solution that contains 41 g of anhydrous
sodium carbonate and 70 ml of glacial acetic acid in 300 ml of distilled water.
Add 250 ml of acetone. Dissolve 0.2 g of lanthanum oxide in 12.5 ml of 2 N
hydrochloric acid (6.5) and mix with above solution. Dilute to 1 liter.

Stock solution: Dissolve 2.210 g of sodium fluoride in 100 ml of distilled water
and dilute to 1 liter in a volumetric flask. 1.0 ml = 1.0 mg F.

Standard Solution: Dilute 10.0 ml of stock solution to 1 liter in a volumetric
flask. 1.0 ml = 0.01 mg F.

6.8.1 Using standard solution, prepare the following standards in 100 ml

volumetric flasks:

mg F/1 ml Standard Solution/100 ml
0.05 0.5
0.10 1.0
0.20 2.0
0.40 4.0
0.60 6.0
0.80 8.0
1.00 10.0
1.20 12.0
1.50 15.0
Procedure
7.1 Set up manifold as shown in Figure 1.

7.2

7.3

Allow both colorimeter and recorder to warm up for 30 minutes. Run a baseline
with all reagents, feeding distilled water through the sample line. Adjust dark
current and operative opening on colorimeter to obtain stable baseline.

Place distilled water wash tubes in alternate openings in Sampler and set sample

timing at 2.5 minutes.
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7.4 Arrange fluoride standards in Sampler in order of decreasing concentration.
Complete loading of Sampler tray with unknown samples.

7.5 Switch sample line from distilled water to Sampler and begin analysis.

Calculation

8.1 Prepare standard curve by plotting peak heights of processed fluoride standards
against concentration values. Compute concentration of samples by comparing
sample peak heights with standard curve.

Precision and Accuracy

9.1 In a single laboratory (MDQARL), using surface water samples at concentrations
of 0.06, 0.15, and 1.08 mg F/1, the standard deviation was +0.018.

9.2 In a single laboratory (MDQARL), using surface water samples at concentrations

of 0.14 and 1.25 mg F/1, recoveries were 89% and 102%, respectively.

Bibliography
J. T. Baker Laboratory Chemical No. J112 or equivalent.
Greenhaigh, R., and Riley, J. P., “The Determination of Fluorides in Natural Waters,
with Particular Reference to Sea Water”. Anal. Chim. Acta, 25, 179 (1961).
Chan, K. M., and Riley, J. P., “The Automatic Determination of Fluoride in Sea Water
and Other Natural Waters”. Anal. Chim. Acta, 35, 365 (1966).
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FLUORIDE
(Electrode)

STORET NO: Total 00951
Dissolved 00950

Scope and Application

1.1 This method is applicable to the measurement of fluoride in drinking, surface, and
saline waters, domestic and industrial wastes.

1.2 Concentration of fluoride from 0.1 up to 1000 mg/liter may be measured.

1.3 For Total or Total Dissolved Fluoride, the Bellack distillation must be performed
on the samples prior to electrode analysis.

Summary of Method

2.1 The fluoride is determined potentiometrically using a selective ion fluoride
electrode in conjunction with a standard single junction sleeve-type reference
electrode and a pH meter having an expanded millivolt scale or a selective ion
meter having a direct concentration scale for fluoride.

2.2 The fluoride electrode consists of a lanthanum fluoride crystal across which a
potential is developed by fluoride ions. The cell may be represented by Ag/Ag Cl,
Cl— (0.3), F~ (0.001) LaF/test solution/SCE/.

Interferences

3.1 Extremes of pH interfere; sample pH should be between 5 and 9. Polyvalent
cations of Si*4, Fe*3 and Al+*3 interfere by forming complexes with fluoride.
The degree of interference depends upon the concentration of the complexing
cations, the concentration of fluoride and the pH of the sample. The addition of a
pH 5.0 buffer (described below) containing a strong, chelating agent preferentially
complexes aluminum (the most common interference), silicon, and iron and
eliminates the pH problem.

Sampling Handling and Preservation

4.1 No special requirements.

Apparatus

5.1 Electrometer (pH meter), with expanded mv scale, or a selective ion meter such as
the Orion 400 Series.

5.2 Fluoride lon Activity Electrode, such as Orion No. 94-09(1),

5.3 Reference electrode, single junction, sleeve-type, such as Orion No. 90-01,
Beckman No. 40454, or Corning No. 476010.

5.4 Magnetic Mixer, Teflon-coated stirring bar.
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6.

Reagents

6.1

Buffer solution, pH 5.0-5.5: To approximately 500 ml of distilled water in a 1
liter beaker add 57 ml of glacial acetic acid, 58 g of sodium chloride and 2 g of
CDTA(2), Stir to dissolve and cool to room temperature. Adjust pH of solution to
between 5.0 and 5.5 with 5 N sodium hydroxide (about 150 ml will be required).
Transfer solution to a 1 liter volumetric flask and dilute to the mark with distilled
water. For work with brines, additional NaCl should be added to raise the

chloride level to twice the highest expected level of chloride in the sample.

6.2 Sodium fluoride, stock solution: 1.0 ml = 0.1 mg F. Dissolve 0.2210 g of sodium
fluoride in distilled water and dilute to 1 liter in a volumetric flask. Store in
chemical-resistant glass or polyethylene.

6.3 Sodium fluoride, standard solution: 1.0 m! = 0.0l mg F. Dilute 100.0 ml of
sodium fluoride stock solution (6.2) to 1000 ml with distilled water.

Calibration

7.1 Prepare a series of standards using the fluoride standard solution (6.3) in the range
of 0 to 2.00 mg/l by diluting appropriate volumes to 50.0 ml. The following series
may be used:

Milimeters of Standard Concentration when Diluted
(1.0 ml = 0.01 mg/F) to 50 ml, mg F/liter
0.00 0.00
1.00 0.20
2.00 0.40
3.00 0.60
4.00 0.80
5.00 1.00
6.00 1.20
8.00 1.60
10.00 2.00
7.2 Calibration of Electrometer: Proceed as described in (8.1). Using semilogarithmic

graph paper, plot the concentration of fluoride in mg/liter on the log axis vs. the
electrode potential developed in the standard on the linear axis, starting with the
lowest concentration at the bottom of the scale. Calibration of a selective ion
meter: Follow the directions of the manufacturer for the operation of the

instrument.
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8.

Procedure

8.1

Place 50.0 ml of sample or standard solution and 50.0 ml of buffer (See Note) in
a 150 ml beaker. Place on a magnetic stirrer and mix at medium speed. Immerse
the electrodes in the solution and observe the meter reading while mixing. The
electrodes must remain in the solution for at least three minutes or until the
reading has stabilized. At concentrations under 0.5 mg/liter F, it may require as
long as five minutes to reach a stable meter reading; higher concentrations
stabilize more quickly. If a pH meter is used, record the potential measurement
for each unknown sample and convert the potential reading to the fluoride ion
concentration of the unknown using the standard curve. If a selective ion meter is
used, read the fluoride level in the unknown sample directly in mg/l on the
fluoride scale.

NOTE: For industrial waste samples, this amount of buffer may not be adequate.
Analyst should check pH first. If highly basic 11), add 1 N HCl to adjust pH to
8.3.

Precision and Accuracy

9.1

9.2

A synthetic sample prepared by the Analytical Reference Service, PHS, containing
0.85 mg/l fluoride and no interferences was analyzed by 111 analysts; a mean of
0.84 mg/l with a standard deviation of £0.03 was obtained.

On the same study, a synthetic sample containing 0.75 mg/1 fluoride, 2.5 mg/l
polyphosphate and 300 mg/l alkalinity, was analyzed by the same 111 analysts; a

mean of 0.75 mg/1 fluoride with a standard deviation of £0.036 was obtained.

Bibliography

Patent No. 3,431,182 (March 4, 1969).

CDTA is the abbreviated designation of 1, 2-cyclohexylene dinitrilo tetraacetic acid,

(Mathieson, Coleman & Bell, Cat. No. P8661) or cyclohexane diamine tetraacetic acid
(Merck-Titriplex IV or Baker Cat. No. G083).

Standard Methods for the Examination of Water and Wastewaters, p 171, Method No.
121 A, Preliminary Distillation Step (Bellack), 13th Edition, 1971.
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HARDNESS, Total

STORET NO. 00900

Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial wastes.

1.2 The method is suitable for all concentration ranges of hardness; however, in order
to avoid large titration volumes, use a sample aliquot containing not more than 25
mg CaCO;.

1.3 Automated titration may be used.

Summary of Method

2.1 Calcium and magnesium ions in the sample are sequestered upon the addition of
disodium ethylenediamine tetraacetate (Na, EDTA). The end point of the
reaction is detected by means of Calmagite Indicator, which has a red color in the
presence of calcium and magnesium and a blue color when the cations are
sequestered.

Comments

3.1 Excessive amounts of heavy metals can interfere. This is usually overcome by
complexing the metals with cyanide.

3.1.1 Routine addition of sodium cyanide solution (Caution: deadly poison)
to prevent potential metallic interference is recommended.
Precision and Accuracy
4.1 Forty-three analysts in nineteen laboratories analyzed six synthetic water
samples containing exact increments of calcium and magnesium salts, with the

following results:

Increment as Precision as Accuracy as
Total Hardness Standard Deviation Bias, Bias,
mg/liter, CaCO; mg/liter, CaCO, %  mgfliter, CaCO,
31 2.87 -0.87 -0.003
33 2.52 -0.73 -0.24
182 4.87 -0.19 -0.4
194 2.98 -1.04 -2.0
417 9.65 -3.35 -13.0
444 8.73 -3.23 -14.3
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(FWPCA Method Study 1, Mineral and Physical Analyses)

4.2 In a single laboratory (MDQARL), using surface water samples at an average con-

centration of 194 mg CaCO,/1, the standard deviation was 3.
5. References

5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 13th Edition, p
179, Method 122B (1971).
ASTM Standards, Part 23, Water; Atmospheric Analysis, p 169, Method
D1126-67 (1973).
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HARDNESS, Total
(Automated)

STORET NO. 00900

Scope and Application

1.1

This automated method is applicable to drinking, surface, and saline waters. The
applicable range is 10 to 400 mg/l as CaCO3. Approximately 12 samples per hour

can be analyzed.

Summary of Method

2.1

The magnesium EDTA exchanges magnesium on an equivalent basis for any
calcium and/or other cations to form a more stable EDTA chelate than
magnesium. The free magnesium reacts with calmagite at a pH of 10 to give a
red-violet complex. Thus, by measuring only magnesium concentration in the

final reaction stream, an accurate measurement of total hardness is possible.

Sample Handling and Preservation

3.1

No special requirements.

Interferences

4.1

No significant interferences.

Apparatus

5.1

Technicon AutoAnalyzer consisting of:
5.1.1 Sampler L.
5.1.2 Continuous Filter.
5.1.3 Manifold.
5.1.4 Proportioning Pump.
5.1.5 Colorimeter equipped with 15 mm tubular flow cell and 520 nm filters.

5.1.6 Recorder equipped with range expander.

Reagents

6.1

6.2

6.3

6.4

Buffer: Dissolve 67.6 g NH,Cl in 572 ml of NH, OH and dilute to 1 liter with
distilled water.

Calmagite Indicator: Dissolve 0.25 g in 500 ml of distilled water by stirring
approximately 30 minutes on a magnetic stirrer. Filter.

Monomagnesium ethylenediamine-tetraacetate (MgEDTA): Dissolve 0.2 g of
MgEDTA in 1 liter of distilled water.

Stock Solution: Weigh 1.000 g of calcium carbonate (pre-dried at 105°C) into
500 m! Erlenmeyer flask; add 1:1 HCl until all CaCO; has dissolved. Add 200 ml
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of distilled water and boil for a few minutes. Cool, add a few drops of methyl red
indicator, and adjust to the orange color with 3N NH,OH and dilute to 1000 ml
with distilled water. 1.0 ml = 1.0 mg CaCO;.

6.4.1 Dilute each of the following volumes of stock solutions to 250 ml in a

volumetric flask for appropriate standards:

Stock Solution, ml CaCO,, mg/l

2.5 10.0

5.0 20.0

10.0 40.0

15.0 60.0

25.0 100.0

35.0 140.0

50.0 200.0

75.0 300.0

100.0 400.0

Procedure

7.1 Set up manifold as shown in Figure 1.

7.2 Allow both colorimeter and recorder to warm up for 30 minutes. Run a baseline
with all reagents, feeding distilled water through the sample line. Adjust dark
current and operative opening on colorimeter to obtain stable baseline.

7.3 Place distilled water wash tubes in alternate openings in Sampler and set sample
timing at 2.5 minutes.

7.4 Arrange working standards-in Sampler in order of decreasing concentrations.
Complete loading of Sampler tray with unknown samples.

7.5 Switch sample line from distilled water to Sampler and begin analysis.

Calculation

8.1 Prepare standard curve by plotting peak heights of processed standards against
concentration values. Compute concentration of samples by comparing sample
peak heights with standard curve.

Precision and Accuracy

9.1 In a single laboratory (MDQARL), using surface water samples at concentrations

of 19, 120, 385, and 366 mg/l as CaCOj, the standard deviations were +1.5, £1.5,
4.5, and £5.0, respectively.
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9.2 In a single laboratory (MDQARL), using surface water samples at concentrations

of 39 and 296 mg/l as CaCOj,, recoveries were 89% and 93%, respectively.

Bibliography
Technicon AutoAnalyzer Methodology, Bulietin No. 2, Technicon Controls, Inc.,
Chauncey, New York (July 1960).
Standard Methods for the Examination of Water and Wastewater, 13th Edition, p 179,
Method 122B (1971).
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