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(A) Determination of Physical Parameters

Quality Control:

The following general guidelines may be applied to many of the methods in this part :

(@D} Evaluate analyst performance for each method.

(2 Determine competence by analyses of samples containing known concentrations.

©)] Calibrate instruments and ensure that instrument measurements do not drift.

4 Assess the precision of analytical procedures by analyzing at least 10% of samples in duplicate.

Analyze a minimum of one duplicate with each set of samples.

(5) Determine bias of an analytical procedure in each sample batch by analysis of blanks, known
additions with a frequency of at least 5% of samples, and, if possible, an externaly provided
standard.
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pH Value
(Method A-1, Electrometry)

Principle:

The pH of a water sample is determined by the measurement of a voltage produced between an electrode
responsive to hydrogen ions (glass e ectrode) and a reference electrode.

(usually calomel electrode ) when both are immersed in the sample. A difference of 1 pH unit produces a
potential change of 58.16 mV at 25°C. The pH-meter is calibrated to read a pH-value directly.

Equipment:

(1) pH-meter (accuracy 0.1 pH units).

(2) Combined glass/calomel, or glass/silver- silver chloride e ectrode.
(3) Magnetic stirrer.

(4) Teflon-coated stirring bar.

Reagents:

(1) Standard pH buffer solutions (pH 4, 7 and 9).
(2) Bidistilled water.
(3) Soft tissue paper.

Procedure:

Rinse the electrode(s) with bidigtilled water and dry by gentile wiping with a soft tissue paper. This should be
done each time before applying the el ectrode to a new buffer solution or sample.

(1) If manual temperature compensation is provided, adjust it to the temperature of the buffer or ssmpleto be
measured.

(2) Cdlibrate the instrument by immersing the rinsed electrode(s) in a buffer solution of pH 7 and set the
meter to read 7.00 by adjusting the asymmetry control.

(3) Rinse the éectrode and repeat using a buffer solution of pH 4 or pH 9. Select the possibility which is
coming closest to the pH of the sample to be measured.

(4) Adjust the reading to the appropriate number by the slope control and discard the portions of the buffer
used in the calibration.

(5) Immerse the rinsed combination glass electrode and temperature corrected electrode in the unknown
sample solution and take a reading after 30 seconds.

(6) Express the results to the nearest 0.1 pH unit. The temperature of the sample at the time of pH
measurement should be indicated.

Precautions:

(1) Before making any measurement, rinse the electrodes with bidistilled water and dry with tissue paper.

(2) Always adjust the instrument to the temperature of the sample.

(3) Ensure an adequate level of filling solution in the reference el ectrode.

(4) For storage, always keep the dectrode(s) in bidistilled water, never allow them to dry out.

(5) Preferable the pH of any sample should be established at the sampling site, or as soon as possible after
taking the sample.
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(6) Nochemical preservation of the sampleis permissible.
(7) Incasesdinity ishigh, asodiumion error at pH 10 and above has to be compensated.

References:

(1) USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 150.1).
(2) "Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public Health
Association, Washington 1995 (Method 4500-H+).
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Acidity
(Method A-4, Potentiometry)

Principle:

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. The method covers the range from approximately 10 mg/L
acidity to approximately 1000 mg/L as CaCO;, using a 50 ml sample.

Equipment:

(1) pH meter.
(2) Titration equipment including pipettes and burettes.

Reagents:

(1) Hydrogen peroxide (H202 , 30% solution).
(2) Standard sodium hydroxide, 0.02 N.
(3) Standard sulfuric acid, 0.02 N.

Procedure:

(1) Pipette 50 ml of the sampleinto a 250 ml beaker.

(2) Measure the pH of the sample. If the pH is above 4.0, add standard 0.02 N sulfuric acid in 5.0 ml
increments to lower the pH to 4.0 or less. If theinitial pH of the sampleislessthan 4.0, the incremental
addition of sulfuric acid is not required.

(3) Add 5 drops of 30% hydrogen peroxide.

(4) Heat the sampleto boiling and continue boiling for 2 to 4 minutes.

(5) In some instances, the concentration of ferrous iron in a sample is such that an additional amount of
hydrogen peroxide and dightly longer boiling time may be required.

(6) Cooal the sample to room temperature and titrate electrometrically with standard 0.02 N sodium hydroxide
toreach apH value of 8.2.
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Calculations:

(1) Acidity , as CaCOs,(mg/L) = [(A x B) - (C x D)] x 50000

ml sample
Where:
A = volume of standard sodium hydroxide used in titration (ml).
B = normality of standard sodium hydroxide.

C =volume of standard sulfuric acid (ml) used to reduce pH to 4 or less.

D = normality of standard sulfuric acid.

Precautions:

(1) Suspended matter present in the sample, or precipitates formed during the titration may cause a suggish

electrode response.
(2) This effect 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.

References:

(1) USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 305.1).

(19
(2 Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public Health
Association, Washington 1995 (Method 2310 B).
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Alkalinity
(Method A-5, Potentiometry)

Principle:

An unaltered sampleis potentiometrically titrated to pH 4.5. The sample must not befiltered, diluted, concentrated, or altered in any way. The
method is suitable for all ranges of alkalinity.

Equipment:

(1) pH meter (sengtivity 0.05 pH units). If automatic temperature compensation is not provided , make
titration at 25 + 2°C.

(2) Useappropriate sized vessdl to keep the air space above the solution at a minimum.

(3) Use a rubber stopper fitted with holes for the glass eectrode, reference eectrode (or combination
electrode) and burette.

(4) Magnetic stirrer, pipettes, flasks and other standard |aboratory equipment.

(5) Burettes, Pyrex 50, 25 and 10 ml.

Reagents:

(1) Sodium carbonate solution, approximately 0.05 N: Place 2.5 + 0.2 g Na2CO3 (dried at 250°C for 4 hours
and cooled in desiccator) into a 1 liter volumetric flask and dilute to the mark.

(2) Standard acid (sulfuric or hydrochloric), 0.1 N: Dilute 3.0 ml of concentrated H2SO4 or 8.3 ml of
concentrated HCI to 1 liter with distilled water. Standardize versus 40.0 ml of 0.05 N Na2CO3 solution
diluted with about 60 ml distilled water by titrating potentiometrically to pH of about 5. Lift electrode and
rinse into beaker. Boil solution gently for 3-5 minutes under a watch glass cover. Cool to room
temperature. Rinse cover glass into beaker. Continue titration to the pH inflection point . Calculate
normality using:

53.00x C

Where:

A =weight of Na,CO; (g) dissolvedin 1 liter.
B = volume of Na,COs solution used for titration (ml).
C =volume of acid used to reach inflection point(ml).

(1) Standard acid (sulfuric or hydrochloric) , 0.02N : Dilute 200.0 ml of 0.1000 N standard acid to 1 liter
with distilled water. Standardize by potentiometric titration of 15.0 ml 0.05 N Na,CO; solution as above.
Procedure:

(1) Samplesize
A. Useasaufficiently large volume of titrant (> 20 ml ina 50 ml burette) to obtain good precision while keeping
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volume low enough to permit sharp end point .

B. For <1000 mg CaCOs/ L, useastandard 0.02 N acid titrant.
C. For >1000 mg CaCOq4/L, useastandard 0.1 N acid titrant.
D. A preiminary titration is helpful.

(2) Potentiometric titration of normal alkalinity:

Place 25- 50 ml of the sample solution in flask by pipetting wpipette tip near bottom of flask.
Measure pH of sample.

Add standard acid (0.02 or 0.1 N), being careful to stir thoroughly but gently to allow needle to obtain
equilibrium.

Titrate to pH 4.5 . Record volume of titrant.

oOw>

©

(3) Potentiomettitration of low alkalinity:

A.  For akalinity of < 20 mg/L ,titrate 100 - 200 ml as above using a 10 ml microburette and 0.02 N
acid solution.

B. Stoptitration at pH in range of 4.3 - 4.7, record titrant volume and exact pH. Carefully add titrant
tolower pH by exactly 0.3 pH units and record volume of titrant.

Calculations:
(1) Potentiometric titration to pH 4.5:

Alkalinity as CaCO; , (mg/L) =
A x N x 50,000

ml of sample

Where:

A = volume of standard acid consumed in thetitration (ml).
B = normality standard acid.

(2) Potentiometric titration of low alkalinity :

Total akalinity, as CaCO; (mg/L) =
(2B - C) x N x 50,000

ml of sample
where:
B =volume (ml) of titrant consumed to first recorded pH.
C =total volume (ml) of titrant used to reach pH 0.3 units lower.
N = normality of acid.
Precautions:

(1) The sample should be refrigerated at 4°C and run as soon as practical. Do not open sample bottle

before analysis.

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

(3) 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.
4 Qil and grease, by coating the pH electrode, may a so interfere, causing suggish response.
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References:

D)
(2

USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 301.1).

“Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method 2320 B).

Hardness
(Method A-6, Visual Titrimetry)

Principle:

Calcium and magnesium ions in the sample are sequestered upon the addition of disodium ethylenediamine
tetraacetate (Nao:EDTA). The end point of the reaction is detected by means of Eriochrome Black T indicator,
which has a red color in the presence of calcium and magnesium and a blue color when the cations are
sequestered. The method is suitable for all concentration ranges of hardness.

Equipment:

Standard laboratory titrimetric eguipment.

Reagents:

D)

(2)
3

Buffer magnesium EDTA solution: Dissolve 1.179 g disodium EDTA (analytical reagent grade) and
780 mg MgSO,.7H,0 (or 644 mg MgCl,.6H,0) in 50 ml distilled water. Add this solution to a 250 ml
volumetric flask containing 16.9 g NH,Cl and 143 ml of concentrated agueous ammonia solution with
mixing and dilute to the mark with distilled water. Store in a tightly stoppered plastic bottle; stable for
approximately one month. Dispense with bulb operated pipette. Discard when 1 or 2 ml added to
samplefailsto produce a pH of 10.0 + 0.1 at end point of titration.

Indicator: Mix together 0.5 g Eriochrome Black T and 100 g NaCl.

Standard EDTA titrant, (0.02) N: Place 3.723 g analytical reagent grade disodium ethylenediamine
tetraacetate dihydrate, Na;H,C,1oH120N,.2H,0 in a 1 liter volumetric flask and dilute to the mark with
digtilled water. Check with standard calcium solution by titration. Store in polyethylene. Check
periodically because of gradual deterioration.

A. Standard calcium solution 0.02 N: Place 1.000 g anhydrous calcium carbonate (primary standard
low in metals) in a500 ml flask. Add , 200 ml distilled water.Boil for a few minutes to expd CO..
Coal , add a few drops of methyl red indicator and adjust to intermediate orange color by adding 3
N agueous ammonia solution or (1 + 1) HCl as required. Quantitatively transfer to a 1 liter
volumetric flask and dilute to mark with distilled water.

B. Hydrochloric acid solution, (1 + 1).

C. Methyl red indicator : Dissolve 0.10 g methyl red in distilled water ina100 ml  volumetric flask and dilute to the
mark .
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D. Aqueous ammonia solution ,( 3 N ): Dilute 210 ml of concentrated aqueous ammonia to 1 liter
with distilled water.

E. Standardization titration procedure : Place 10.0 ml standard calcium solution in vessel containing
about 50 ml distilled water . Add 1 ml buffer solution. Add 1-2 drops indicator or small scoop of
dry indicator. Titrate dowly with continuous stirring until the last reddish tinge disappears; adding
last few drops at 3-5 second intervals. At end point the color is blue. Total titration duration
should be 5 minutes from the time of buffer addition.

Normality of of EDTA = 0.2
ml of EDTA
(1) Aqueous ammonia (1 N): Dilute 70 ml of concentrated aqueous ammonia solution to 1 liter with
distilled water.
2 Inhibitor: Sodium cyanide (extremely poisonous).

Procedure:

(1) Pretreatment:
A. For drinking waters , surface waters , saline waters, and dilutions thereof , no pretreatment steps
are necessary.
B. For most wastewaters , and highly polluted waters, the sample must be digested as given in the
Atomic Absorption Methods section of this manual.

(2) Titration of sample-normal to high hardness:

A. Sample should require < 15 ml EDTA titrant, titration should be completed within 5 minutes after
buffer addition.

B. Place 25.0 ml samplein titration vessdls, neutralize with 1 N aqueous ammoniaand dilute to about
50 ml.

C. Add 1 to 2 ml buffer solution to adjust to pH 10+ 0.1.

D. If end point is not sharp (as determined by practice run) add about 250 mg of sodium cyanide inhibitor
at this point.

E. Add small scoop of dried powder indicator formulation.

F. Titrate dowly with continuous stirring with standard EDTA titrant until last reddish tint disappears.
Solution is normally blue at end point.

(3) Titration of sample of low hardness (lessthan 5 mg/L):
A. Use alarger sample volume (100 ml).
B. Use proportionately larger amounts of buffer, inhibitor and indicator.
C. Use amicroburette and run a blank using biditilled, distilled or deionized water.

Calculations:

Hardness (EDTA) expressed as

A x N x 50,000
CaCOg,(mg/L) S S
ml sample
where:
A =volume (ml) of EDTA titrant .
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N = normality of EDTA titrant.

Precautions:

Excessive amounts of heavy metals can interfere. This is usually overcomed by complexing the metals with
cyanide. Routine addition of sodium cyanide solution (caution:deadly poison) to prevent potential metallic
interference is recommended.

References:

(1) USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 130.2).

(19
(2 Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method 2340 C).
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Total Suspended Solids
(Method A-8, Gravimetry)

Principle:

A well mixed sampleisfiltered through a glass fiber filter, and the residue retained on thefilter isdried to constant weight at 103 - 105°C. The
filtrate from this method may be used for dissolved solids. The practical range of the determination is4 - 20000 mg/L.

Equipment:

1) Glass fiber filter discs, without organic binder.

(2 Filter support: Filtering apparatus with reservoir and a coarse (40-60 microns) fritted disc as a filter
support.

(3) Suction flask.

4 Drying oven, 103 -105 °C.

(5) Desiccator.

(6) Analytical balance ( 0.1 mg sensitivity ).

Reagents:

Deionized biditilled water.

Procedure:

D)
2
3

(4)
(5)

(6)

(")
(8)

(9)

(10)

Place the glass fiber filter on the membrane filter apparatus or insert into bottom of a suitable Gooch
crucible with wrinkled surface up.

While vacuum is applied, wash the disc with three successive 20 ml volumes of distilled water. al
traces of water by continuing to apply vacuum after water has passed through.

Remove filter from membrane filter apparatus or both crucible and filter if Gooch crucible is used, and
dry in an oven at 103 -105 °C for one hour.

Transfer to desiccator and store until needed.

Repeat the drying cycle until a constant weight is obtained (weight loss is less than 0.5 mg) . Weigh
immediately before use . After weighing , handle the filter ocrucible/ filter with forceps or tongs only.
For a 4.7 cm diameter filter, filter 100 ml sample. If weight of captured residueislessthan 1.0 mg, the
sample volume must be increased to provide at least 1.0 mg of residue. If other filter diameters are
used, start with a sample volume equal to 7 mi/cm? of filter area and collect at least aweight of residue
proportional to the 1.0 mg stated above.

Assemble the filtering apparatus and begin suction. Wet the filter with a small volume of ditilled
water to seat it against the fritted support.

Shake the sample vigorously and quantitatively transfer the sample volume to the filter using a
graduated cylinder. Remove al traces of water by continuing to apply vacuum after sample has passed
through.

With suction on, wash the graduated cylinder, filter, non-filterable residue and filter funnel wall with
three portions of distilled water allowing complete drainage between washing. Remove all traces of
water by continuing to apply vacuum after water has passed through.

Carefully remove the filter from the filter support. Alternatively, remove crucible and filter from
crucible adapter. Dry at least one hour at 103 - 105°C. Cool in a desiccator and weigh. Repesat the
drying cycle until a constant weight is obtained (weight lossisless than 0.5 mg).
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Calculations:
Total suspended solids, (mg/L) = (A-B) x 1,000
C

where:

A = weight (mg) of filter (or filter and crucible) + residue.

B = weight (mg) of filter (or filter and crucible).

C =volume ( ml) of sample filtered.

Precautions:

(1) Non-representative particulates such as leaves , sticks , fish and lumps of fecal matter should be
excluded from the sampleif it is determined that their inclusion is not desired in the final result.

2 Preservation of the sampleis not practical; analysis should begin as soon as possible.

3 Refrigeration or icing to 4°C, to minimize micro- biological decomposition of solids, is recommended.

4 Filtration apparatus, filter material, pre-washing, post-washing, and drying temperature are specified
because these variables have been shown to affect the results.

(5) Samples high in filterable residue (dissolved solids), such as saline waters, brines and some wastes,
may be subject to a positive interference. Care must be taken in selecting the filtering apparatus so that
washing of thefilter and any dissolved solids in thefilter minimizes this potential interference.

References:

D USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 160.2).

(19

(2 Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method 2540 D).
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Fixed and Volatile Solids
(Method A-11, Gravimetry)

Principle:

The residue from the experiments: total solids, dissolved solids and suspended solidsisignited to constant weight at 550°C. The remaining solids
represent the fixed total , dissolved or suspended solids while theweight lost on ignition isthe volatile solids . The determination is useful in
control of wastewater treatment plant operation because it offers a rough approximation of the amount of organic matter present in the solid
fraction of wastewater , activated dudge, and industrial wastes .

Equipment:

Seetotal dissolved and suspended solids.

Procedure:
Q) Warm up the muffle furnace to 550°C before inserting samples.
(2 Ignite residual produced by the methods of total , dissolved or suspended solids to constant weight in a

muffle furnace at a temperature of 550°C ( usually , 15 - 20 min. ignition are required for 200 mg
residue) . However, more than one sample and/or heavier residues may overtax the furnace and
necessitate longer ignition times.

3 Let dish or filter disk cool partialy in air until most of the heat has been dissipated.

4 Transfer to a desiccator for final cooling in a dry atmosphere. Do not overload desiccator.

(5) Weigh dish or disk as soon as it has cooled to balance temperature. Repesat cycle of igniting , cooling ,
desiccating , and weighing until a constant weight is obtained or until weight change is less than 4%
or 0.5 mg, which ever isless.

(6) Duplicate determinations should agree within 5% of their average .
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Calculations:

Volatile solids, (mg/L) (A - B) x 1000

Sample volume, mi

Fixed solids , (mg/L)

(B - C) x 1000

Sample volume, mi

where:

A = weight of residue + dish beforeignition ( mg).

B = weight of residue + dish or filter after ignition ( mg).
C = weight of dish or filter (mg) .

Precautions:

(@D} Negative errors in the volatile solids may be produced by loss of volatile matter during drying .

(2 Determination of low concentrations of volatile solids in the presence of high fixed solids
concentrations may be subjected to considerable error. In such cases, measure for suspect volatile
components by another test , for example, total organic carbon .

References:

D USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 160.4).

(19
(2 Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method 2540 D).

Turbidity
(Method A-12, Nephelometry)

Principle:

Turbidity in water is caused by suspended matter and is an expression of the optical property that causes light
to be scattered and absorbed rather than transmitted in straight lines through the sample. The most commonly
used method is a nephelometric method. This method is based on a comparison of the amount of light scattered
by a standard reference suspension under the same conditions. The more light is scattered the higher is the
turbidity. The method is applicable in the turbidity range 0 - 40 NTU.

Equipment:

(2) Turbidity meter.
(2) Sample tubes.
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Reagents:
(1) Stock turbidity suspension:

Solution (1):
Dissolve 1.00 g of hydrazine sulfate (HoN),H,SO,4in ditilled water and dilute to 100 ml.

Solution (I1):
Dissolve 10 g hexamethylene-tetramine, (CHy)gN,, in distilled water and dilute to 100 ml.

In @100 ml volumetric flask, mix 5.0 ml of solution (1) and 5.0 of solution (I1). Allow to stand for 24 hrs.Dilute
to mark and mix. The turbidity of this suspension is 400 NTU (Nephelometric Turbidity Units). These
suspensions can be stored for a month.

(2) Standard turbidity suspension:
Dilute 25 ml of stock turbidity suspension to 100 ml with distilled water. Prepare daily. This suspension
has a turbidity equivalent to 100 NTU. Prepare another dilution by diluting the 100 NTU suspension 10
timesto give a 10 NTU suspension.

Procedure:

D Calibrate the nephelometer with the 100 NTU suspension and verify the setting with a reading on the
10 NTU suspension.

(2 Thoroughly shake sample, wait until air bubbles disappear and pour sample into turbidity meter tube.
Read turbidity directly from the instrument scale.

3 In case the turbidity is going beyond the scale dilute the sample and measure the turbidity. The
dilution factor should be taken into account for the final calculation of the result.

Calculations:
Sample NTU = NTU measured

proportion of samplein dilution
Precautions:

Rapidly settling sand, the presence of air bubbles, and dirty glassware are the main sources of interference and
should be removed before analysis.

Referenc:

1 USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 180.1).

2. “Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method 2130 B).
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(B) Determination of 1norganic Nonmetallic Constituents

Quality Control:

1. Detailed recommendations and general information concerning laboratory quality assurance, as well as
specific details of applicable quality-control measures, should be foll owed.

2. Keep in mind the overall purpose of the measurements. Can duplicates (replicates) adequately establish
precision and can recovery of known additions determine bias. Are suitable standards, control charts
blanks, calibrations, and other necessary measures incorporated to assure the quality of data produced.
Furthermore, can adeguate documentation be presented to support these contentions.

The same degree of substantiation may not be necessary in al cases, eg., requirements for an operational
control determination may differ from those for data submitted for regulatory purposes. Therefore, the intended
use of the data is an important factor in determining overall quality control as well as the accompanying quality
assurance measures.
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Chlorine, Total Residue
(Method B-3, Spectrophotometry)

Principle:

Chlorine (hypochlorite ion, hypochlorous acid) and chloramines stoichiometrically liberate iodine from
potassium iodide at pH 4 or less. The liberated iodine reacts with N,N-diethyl-p-phenylenediamine (DPD) to
produce a red colored solution with maximum absorbance at 515 nm. The method is applicable to the
concentration range of 0.2-4 mg/L chlorine.

Equipment:

Spectrophotometer for use at 515 nm and cells of light path 1 cm or longer.

Reagents:

Q) Phosphate buffer solution: Dissolve 24 g anhydrous disodium hydrogen phosphate, Na,HPO, , and 46
g anhydrous potassium dihydrogen phosphate , KH,PO,, in distilled water . Dissolve 800 mg disodium
ethylenediamine tetraacetate dihydrate in 100 ml distilled water. Combine these two solutions and
diluteto 1 liter with distilled water. Add 20 mg HgCl, as a preservative.

2) N,N-Diethyl-p-phenylenediamine (DPD) indicator solution : Dissolve 1 g DPD oxaate or 1.5 g p-
amino-N,N-diethylaniline sulfate in chlorine free distilled water containing 8 ml of 1 + 3 H,SO, and
200 mg disodium ethylenediamine tetraacetate dihydrate . Diluteto 1 liter , storein a colored , glass-
stoppered bottle . Discard when discolored . The buffer and indicator sulfate are available as a
combined reagent in stable powder form .

3 Sulfuric acid solution (1+3) : Slowly add one part of H,SO, (sp.gr.1.84) to three parts of distilled water

4 Potassium iodide, Kl crystals.

5) Stock potassium permanganate solution : Place 0.891 g KMnQ, in a volumetric flask and dilute to 1
liter .

(6) Standard potassium permanganate solution: Dilute 10.00 ml of stock potassium permanganate solution
to 100 ml with distilled water in a volumetric flask . One milliliter of this solution diluted to 100 ml
with distilled water is equivalent to 1.00 mg/L chlorine.

Procedure:

(1) Cdlibration:
A. Prepare a series of permanganate standards covering the chlorine equivalent range of 0.05 to 4 mg/L.
B. Place 5 ml phosphate buffer in aflask .
C. Add 5 ml DPD reagent .
D. Add 100 ml permanganate standard .
E. Read at 515 nm on a spectrophotometer and record the absorbance.
F. Return the contents of the cell to the flask .
G. Titrate the contents of the flask with standard ferrous ammonium sulfate until the red color is
discharged . Record the result.

(2) Sample analysis:
A. Place 0.5 ml phosphate buffer in flask.
B. Add 0.5 ml DPD reagent .
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C. Add approximately 0.1 g KI.

D. Add 10 ml of sample.

E. Let stand 2 minutes.

F. Read at 515 nm spectrophotometer , and record the absorbance.

Calculations:

@)

Plot the absorbance of the standard permanganate solutions on the vertical axis versus the titrated
concentration on the horizontal axis.

2) Draw the line of best fit through the points.

3) L ocate the absorbance of the sample on the vertical axis.

4 Read the concentration on the horizontal axis at the intersect of the absorbance and the calibration line

Precautions:

Q) Interferences are caused by any oxidizing agent but these are usually present at insignificant
concentrations compared to the residual chlorine concentrations.

2 Turbidity and color will essentially prevent the colorimetric analysis .

References:

(1) USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 330.5).
(2) “Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public Health

Association, Washington 1995 (Method [4500-Cl (C)]).
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Ammonia-Nitrogen
(Method B-6, Potentiometry)
Principle:

The ammonia-sel ective el ectrode uses a hydrophobic gas-permeable membrane to separate the sample solution
from an eectrode internal solution of ammonium chloride. Dissolved ammoniais converted to ammonia gas by
raising the pH to above 11 with a strong base . Diffusion of ammonia through the membrane causes change of
the pH of the internal solution that is sensed by a pH electrode inside the ammonia sensor. Sample distillation
is unnecessary. The method covers the range from 0.03 to 1400 mg NHa/L.

Equipment:

@)

@)
©)

Electrometer: A pH meter with expanded millivolt scale capable of 0.1 mV resolution between - 700
mV and + 700 mV or a specific ion meter.

Ammonia-sd ective electrode.
Magnetic stirrer, thermally insulated, with TFE-coated stirring bar.

Reagents:

@)
@)
@)
(4)

®)

Ammonia free water.

Sodium hydroxide, 10 N.

NaOH/EDTA solution, 10 N : Dissolve 400 g NaOH in 800 ml water. Add 45.2
ethylenediaminetetraacetic acid, tetrasodium salt, tetrahydrate (NayEDTA.4H,0) and stir to dissolve .
Cool and dilute to 1000 ml.

Stock ammonium chloride solution: Dissolve 3.819 g anhydrous NH,Cl (dried at 100°C) in water, and
diluteto 1000 ml ; 1.00 ml = 1.00 mg N = 1.22 mg NHs.

Standard ammonium chloride solutions.

Procedure:

@)
@)

@)

Preparation of standards: Prepare a series of standard solutions covering the concentration of 1000 ,
100, 10, 1, and 0.1 mg NHs-N/L by making decimal dilutions of stock NH,4Cl solution with water.

Electrometer calibration: Place 100 ml of each standard solution in a 150 ml beaker. Immerse
electrode in standard of lowest concentration and mix with a magnetic stirrer. Limit stirring speed to
minimize possible loss of ammonia from the solution. Maintain the same irring rate and a
temperature of about 25°C throughout calibration and testing procedures . Add a sufficient volume of
10 N NaOH solution (1 ml is usually sufficient ) to raise pH above 11. If the presence of silver or
mercury is possible, use NaOH / EDTA solution in place of NaOH solution . If it is hecessary to add
more than 1 ml of either NaOH or NaOH / EDTA solution , note volume used , because it is require
for subsequent calculations . Keep eectrode in solution until stable millivolt reading is obtained. Do
not add NaOH solution before immersing electrode, because ammonia may be lost from a basic
solution repeat procedures with remaining standards, proceeding from lowest to highest concentration
. Wait until the reading has stabilized (at least 2 to 3 minutes ) before recording millivolts for
standards and samples containing lessthan 1 mg NH;-N/L.

Preparation of standard curve: Using semi-logarithmic graph paper, plot ammonia concentration in
milligrams NHz-N per liter on the log axis vs. potential in millivolts on the linear axis starting with
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the lowest concentration at the bottom of the scale. If the electrode is functioning properly a tenfold
change of NH3-N concentration produces a potential change of about 59 mV.

4 Calibration of specific ion meter: Refer to manufacturer’sinstructions.
5) Measurement of samples. Dilute if necessary to bring NHs-N concentration to within calibration curve

range. Place 100 ml sample in 150 ml beaker and follow procedure in the electrometer calibration
above. Record volume of 10 N NaOH added. Read NH;z -N concentration from standard curve.

Calculations:
NHs-N, (mg/L) =AXB X ------------

Where:

A =dilution factor.

B = concentration of NH3-N (mg/L) from calibration curve.

C = volume (ml) of 10 N NaOH added to calibration standards.
D =volume (ml) of 10 N NaOH added to sample.

Precaut:

1) Amines are a positive interference.

2) Mercury and silver interfere by complexing with ammonia, unless the NaOH /EDTA solution is used.
References:

Q) USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 350.3).

2) ¢ Standard Methods for Examination of Water and Wastewater”,

19th Edition, American Public Health Association, Washington 1995 (Method [4500-NH3(D)]).
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Nitrite-Nitrogen (NO2-N)
(Method B-7, Spectrophotometry)

Principle:

Nitrite reactsin strongly acid medium with sulphanilamide. The resulting diazo compound is coupled with
N-(1-naphthyl)-ethyl enediamine-dihydrochl oride to form an intensdly red-col oured azo-compound. The
absorption of the dye is proportional to the concentration of nitrite present . The method is applicablein
the range of 0.01 to 1.0 mg nitrite-nitrogen/L. Samples containing higher concentration must be diluted
before analysis.

Equipment:

(1) Spectrophotometer.
(2) Nesdler tubes (50 ml) and 1.0 cm glass cuvettes.

Reagents:

1. Buffer-colour reagent: Put 105 ml of HClI in glass stoppered dark bottleAdd 5.0 g of
sulphanilamide and 0.5 g of N(1-naphthyl)-ethylenediamine dihydrochloride. Stire until dissolved. Add
136 g of sodium acetate and again stir until dissolved.Dilute to 500 ml with distilled water.This solution
is stablefor several weeksin the dark (wrap in aluminum fail).

2. Stock nitrite solution:Dissolve 0.4926 g of dried anhydrous sodium nitrite in distilled water and
diluteto 1liter . Preserve with 2 ml chloroform ( 1.0 ml = 100 pg nitrite-N).
3. Working standard solution: Dilute 10.0 ml of the stock solution to 1 L of ditilled water (1.0 ml =

1.0 pg nitrite-N).

Procedure:

1) Filter the sample, if necessary, through a 0.45 um pore-size membrane filter.
2) Put 10-50 ml of the sample in a 50 ml Nessler tube.
3 Prepare a series of standardsin 50 ml Nessler tubes (1.0-20.0 pg of nitrite-N per tube).

4) Add 2 ml of buffer color reagent to each standard and sample, mix and allow color to develop for at
least 15 min.

5) Check the pH of the solution to ensure that the value is between pH 1.5 and 2.0.

(6) Measure the absorbance of standard and sample in the spectrophotometer at 540 nm against a blank.
) Plot the amount of nitrite-nitrogen per standard tube against the absorbance.

(8) Read the concentration of nitrite-nitrogen per sample tube from the calibration curve.

Calculations:

Nitrite-nitrogen , (ug/L) = 1000 x reading graph (ug nitrite-nitrogen)

volume of sample (ml)
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Precautions:

Q) The nitrite concentration in collected samples can change very rapidly due to bacterial oxidative or
reductive conversions and the analysis should be carried out as early as possible.

2 Short time preservation for one or two days is possible by deep freezing (-20°C) or the addition of 40
mg mercuric ion/ liter of sample with storage at 4°C.

References:

1. USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 354.1).

2. “Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method [4500-NO, (B)]).

<l S5 g 0) aie — o sy aelu sl | o all olie dallae ddanay cplelall oy 4
J rae 0S5 gas b S ¢ 5 pe
el o yeall olial Alendd) Jilail Jleed 5 53 5all Jana g A8l e 2o Fynyull 5500



Yi-ya doa sl ) 5 Alaasl) Jallasll Zulal) (5,00 1Y) Gald)

(Nitrate and Nitrite)-Nitrogen
(Method B-8, Spectrophotometry)

Principle:

Nitrate is reduced to nitrite when a sample is passed over a column containing copper amalgamated cadmium
granules or filings. The nitriteif originally present , plus reduced nitrate ) is determined by the same method as
described earlier for nitrite . The applicable range of this method is 0.01 to 1.0 mg/L nitrate-nitrite nitrogen .
The range can be extended by sample dilution .

Equipment:

Q) Reduction columns: Constructed from three pieces of glass tubing joined end to end ( as shown in the
following figure 1).

2) All glass ware needed for nitrite analysis.

3 Spectrophotometer with 1.0 cm glass cuvettes.

Reagents:

Q) Prepare copper - cadmium granules by washing 25 g new or used 40 - 60 mesh cadmium metal (Cd)
granules with 6 N HCI and rinse with water . Swirl Cd with 100 ml 2 % CuSO, solution for 5 minutes
or until the blue color partially fades . Decant and repeat with fresh CuSO, until a brown colloidal
precipitate begins to devel op. Gently flush with water to remove all precipitated copper metal (Cu).

2 Buffer - color reagent : Put 105 ml of hydrochloric acid in glass stoppered dark bottle. Add 5.0 g
sulphanilamide and 0.5 g of N- (1 -naphthyl) ethylenediamine dihydrochloride.Stir until dissolved .
Add 136 g of sodium acetate and again stir until dissolved. Dilute to 500 ml with ditilled water. This
solution is stable for several weeksif stored in the dark (wrap in aluminum fail).

3) Ammonium chloride - EDTA solution: Dissolve 13 g of NH,Cl and 1.7 g of (EDTA) in 900 ml
distilled water. Adjust the pH to 8.5 with concentrated aqueous ammonia and dilute to onelitre.

4) Diluted ammonium chloride-EDTA solution: Dilute 300 ml NH,CI-EDTA solution to 500 ml with
water.

5) Hydrochloric acid: HCI , 6 N.
(6) Copper sulphate solution, 2%.

(7) Stock nitrite solution: Dissolve 0.4926 g of dried anhydrous sodium nitrite (24 hrs. In desiccator) in
distilled water and dilute to one litre. Preserve with 2 ml chloroform per litre( 1.0 ml = 100 ug nitrite-
N).

(8) Test nitrite solution:Working standard solution is prepared by diluting: Dilute 10.0 ml of the stock
solution to 1 litre of distilled water ( 1.0 ml = 1.0 pg nitrite- N ).

9 Stock nitrate solution : Dissolve 7.218 g of KNOs in distilled water, and diluteto 1 litre . Addition of 2
ml of chloroform allows for storage up to 6 months ( 1.0 ml = 1.0 mg NOs-N).

(10) Standard nitrate solution: Dilute 10 ml of stock nitrate solution to 1 litre ( 1.0 ml = 10 pg NO3-N )
Procedure:

1) Preparation of reduction column : Plug the bottom of the reduction column and fill with water. Add
sufficient Cu-Cd granules to produce a column of 18.5 cm long. Maintain the water level above Cu-Cd

Gl L pean & g (0) die — sl aelu sy anal) o jeall olie dallas ddaney cplelall (o )55 g 5 yike
el o yeall olial Alendd) Jilail Jleed 5 53 5all Jana g A8l e 2o Fynyull 5500



Yooy, doa sl ) 5 Alaasl) Jallasll Zulal) (5,00 1Y) Gald)

granules to prevent entrapment of air. Wash the column with 200 ml of diluted NH,CI-EDTA
solution. Activate the column by passing through it, at least 100 ml of a solution composed of 25 %
1.0 mg NOs-N/L, at 7 to 10 ml/min.

2) Filter the sample through a 0.45 pm pore size membrane filter.

3 Adjust pH to between 7 and 9, using NaOH or HCI as necessary. This ensures a pH of 8.5 after adding
NH,4CI-EDTA solution.

4 To 25 ml sample or a portion diluted to 25 ml, add 75 ml NH,CI-EDTA solution and mix. Pour mixed
sample into column and collect at a rate of 7 to 10 ml/min. Discard first 25 ml . Collect therest in the
original sample flask. There is no need to wash columns between samples, but if the columns are not
to be used for several hours or longer , pour 50 ml dilute NH4CI-EDTA solution on , and let it pass
through the system . Store Cu-Cd column in this solution and never let it dry.

5) Carry out the reduction of NOs-N standards exactly as prescribed for the samples. At least one nitrite
standard should be compared to a reduced nitrate standard at the same concentration to verify the
efficiency of the reduction column.

(6) As soon as possible , and not more than 15 min after reduction, add 2.0 ml color reagent to 50 ml of
sample or standard and mix. Between 10 min and 2 hours afterward, measure absorbance at 543 nm
against a distilled water reagent blank. Note: if the (NOs+NO,) -N concentration exceeds the standard
curve range (about 1 mg N/L), use the remainder of reduced sample to make an appropriate dilution
and analyse again.

(7) Make a calibration curve relating the absorbance of the nitrate standards against the amount of
NO;+NO, present . Read the amount of NO; +NO, in a sample from the graph.

Calculations:

(NO3; + NO,) - N, (mg/L) = reading from graph (ug)

volume. of sample (ml)

Precautions:

Q) To prevent any change in the nitrate it should be determined immediately after sasmpling. If storageis
necessary, the sample should be kept at 4°C with or without preservatives such as H,SO, (0.8 ml of
coH,SO,/L of sample).

2 Build up of suspended matter in the reduction column will restrict sample flow. Since nitrate nitrogen
occursin a soluble state, the sample can be prefiltered.

3 Highly turbid sashould be treated with zinc sulfate before filtration to remove turbidity.

4) Low results might be obtained for samples that contain high concentrations of iron, copper, cadmium
or other metals. EDTA is added to eliminate this interference.

References:

Q) USEPA “Methods For Chemical Analysis of Water and Wastes”, Ohio, 1983 (Method 353.3).

(19
2) Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public
Health Association, Washington 1995 (Method [4500-NO3(E)]).
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Phosphor us (Orthophosphate)
(Method B-16, Spectrophotometry)

Principle:

Orthophosphate reacts under acid conditions to form a heteropoly acid, molybdophosphoric acid. In the
presence of vanadium, yellow vanadomolybdophosphoric acid is formed. The intensity of the yellow color is
proportional to phosphate concentration. The minimum detectable concentratin is 0.2 mg phosphorus/L in 1 cm
spectrophotometric cell.

Equipment:

(1) Spectrophotometer for use at 400-490 nm.
(2) Acid-washed glassware.
(3) Filtration apparatus and filter paper.

Reagents:

(1) Phenolphthalein indicator.
(2) Hydrochloric acid (1:1).
(3) Activated carbon.
(4) Vanadate-molybdate reagent :
Solution (1) : Dissolve 25 g ammonium molybdate (NH;)sM0;024.4H,0 in 300 ml distilled water.

Solution (I1):Dissolve 1.25 g ammonium metavanadate NH,VO; by heating  to boiling in 300 ml
digtilled water .
Cool and add 330 ml of concentrated HCI .

Coal solution (I1) toroom temperature, pour solution (1) into solution (11) , mix and diluteto 1 liter.

(5) Standard phosphate solution : Dissolve in digtilled water 219.5 mg anhydrous KH,PO, and dilute to 1000
ml (1.00 ml = 50 pg PO,-P).
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Procedure:

Q) If sample pH is greater than 10, add 0.05 ml (1 drop) phenolphthalein indicator to 50 ml sample and
discharge the red color with 1:1 HCI before diluting to 100 ml .

2) Remove excessive color in sample by shaking about 50 ml with 200 mg activated carbon in an
erlenmeyer flask for 5 min. and filter to remove carbon.

3) Place 35 ml or less of sample containing 0.05-1.0 mg P, in a 50 ml volumetric flask. Add 10 ml
vanadate-molybdate reagent and dilute to the mark with distilled water.

4 Prepare ablank in which 35 ml distilled water is substituted for the sample.

5) After 10 min., measure absorbance of sample versus ablank at a wavelength of 400-490 nm. and
compare with the calibration curve.

(6) Prepare a calibration curve by using 1-20 pg/ml standard phosphate solution and proceed as above.

Calculations:

Phosphate-P, (mg/L) = mg P (in 50 ml final volume) x 1000

ml sample
Precautions:
Q) Positive interference is caused by silica and arsenate only if the sampleis heated.
2) Negative interferences are caused by arsenate, fluoride, thorium, bismuth, sulfide, thiosulfate,
thiocyanate, or excess molybdate.
3 Blue color is caused by ferrous iron concentration but this does not affect results if ferrous
concentration is less than 100 mg/L.
4 Sulfide interference may be removed by oxidation with bromine water.
References:

(14
Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public Hedlth

Association, Washington 1995 (Method [4500-P (C)]).
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Total Coliform
(Method E-1 Microbiology)

Principle:
This bacteria develops red colonies with a golden metallic sheen within 24 hours at 35°C on an Endo-type

medium containing lactose. All red, pink, blue, white or colorless colonies lacking sheen are considered non-
coliforms.

Equipment:

D Sterilized glass or polypropylene wide-mouthed bottles (300 ml to 500 ml).

(2 Sterilized pipettes and graduated cylinders

©)] Sterilized glass Erlenmeyer flasks with metal caps, metal foil covers or screw caps.

4 Sterilized borosilicate glass or disposable plastic petri dishes (60x15 mm, 50 x 12 mm).

(5) Filtration unit consisting of a membrane filter funnel and membrane holder. (The unit should be made
of seamless stedl, glass, or autoclavable plastic that does not leak and is not subject to corrosion.

(6) Membrane filter (pre-sterilized and certified membrances).

(7 Sterile absorbent pads , 48 mm in diameter and of sufficient thickness to absorb 1.8 to 2.2 ml of
medium.

(8) Sterilized smooth-tipped forceps without corrugations on the inner side of the tips (Ethyl or absolute
methyl alcohol [95%)] and flaming may be used for sterilization).

(9 Incubator adjusted to 35+0.5° C and a 90% relative humidity.

(20) Microscope with a 10 to 15 magnification and a white fluorescent light source
Reagents and Materials

(1) LESENdo agar : Dehydrated Difco M-Endo Agar LES (No. 0736), dehydrated BBL M-Endo Agar LES
(No. 11203), or equivalent.

(2) Dehydrate in IL water containing 20 ml 95% ethanol. Bring to a near boil to dissolve to agar, then
remove from heat to cool to 45-50°C. Final pH should be 7.2+0.2. Use 5to 7 ml for each 60 mm petri
dish. Do not expose platesto sunlight; store in the dark at 4 to 8° C. Discard the medium after 2 weeks.

(3) M-Endo medium : Dehydrated Difco M-Endo Broth Mf (No. 0749), dehydrated BBL M-coliform broth
(No. 11119), or equivalent.

(4) Dehydratein IL water containing 20 ml 95% ethanol. Bring to a near bail to dissolve agar, then remove
from heat to cool to 45-50°C. Final pH should be 7.0 to 7.3. Use ml for each 60 mm petri dish. Do not
expose plates to sunlight, store in the dark at 4 to 8°C. Discard broth medium after 96 hours and
discharge agar after 3 weeks.
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(5) Liquid medium (without agar) can be used with absorbent pads if the pads are certified to be free of
sulfite or any other agent that could inhibit bacterial growth. Use 2 ml of the liquid medium per plate.

Procedure:
(1) Stepl:SampleSize

(2)  For drinking water, filter 100 to 1000ml volume which yields about 50 coliform colonies through a
membrane filter (MF).

(3) For other waters, filter three different volumes (diluted or undiluted), depending on the expected
bacterial density.

(4)  Step 2: SampleFiltration

(5) Placeaderile MF (grid side up) over porous plate of receptacle using sterile forceps.

(6)  Place matched funnel unit over receptacle carefully, lock it in place, and filter the sample under a partial
vacuum.

(7)  Rinse funnd by filtering a 20-to-30 ml portion of sterile diluted water. Disengage vacuum, unlock and
remove funnel, and remove MF using sterile forceps. Place MF on selected medium with a rolling
motion to avoid entrapment of air.

(8) Prepareadterilerinse water sample (100 ml) as above for every 10 sample series.

(9) At the beginning of each filtration series, use a sterile filtration unit. If a time interval of more than 30
minutes elapses between sample filtrations, begin a new series using a sterile filtration unit. Sterilize
unit with flowing stream of boiling water or ultraviolet disaffection (UV).

(10) Step 3: Culture Dish and Incubation

(11) If agar-based Endo-type medium is used: Place prepared filter directly on agar by rolling it onto agar
surface without entrapping air.

(12) If liquid medium is used : Place a pad in the culture dish and saturate it with 1.8 to 2.0 ml M-Endo
medium. Place prepared filter directly on pad. Invert dish.

(13) Incubate the prepared dishesfor 22to 24 h at 35 + 0.5°C.

(14) Step 4: Counting

(15) Usealow-power (10 to 15 magnification) binocular dissecting microscope or other optical devicewith a
white fluorescent light. Count the number of colonies that are pink-to-dark-red colored with a metallic

surface sheen.

(16) Atypical coliform colonies can be dark-red or nucleated without sheen. Pink, red, white and colorless
colonies lacking sheen are considered to be non-colilforms.
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Calculations:
CCC x 100
TC S
Vs
Where:

TC  =total coliform colonies/100 ml.
CCC = counted coliform colonies.
Vs =volume of samplefiltered (ml).

Precautions:
(1)  Thepresence of algae, particulate and turbidity in the sample solution can cause interference.

(2)  Thisprocedure is not applicable to wastewater samples that have received primary treatment followed by
chlorination.

(3  Throughly clean and sterilize all equipment.

References:

(1) “Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public Health
Association, Washington 1995 (Method 9222 B).
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Fecal Coliform
(Method E-2, Microbiology)

Principle:

Fecal coliform causes fermentation of lactose and grows on M-FC broth within 48h at 44-45°C. It forms blue-
colored colonies. Non-fecal coliform colonies are gray to cream colored.

Equipment :

D Sterilized glass or polypropylene, wide-mouthed bottles (300 ml to 500 ml).

(2 Sterilized pipettes and graduated cylinders.

3 Sterilized glass Erlenmeyer flasks with metal caps, metal foil covers or screw caps.
4 Sterilized borosilicate glass or disposable plastic petri dishes (60x15 mm, 50x12 mm).

(5) Filtration unit consisting of a membrane filter funnel and membrane holder. (The unit should be made
of seamless stainless sted, glass, or autoclavable plastic that does leak and is not subject to corrosion.)

(6) Membrane filter (pre-sterilized and certified membranes).

(7 Sterile absorbent pads , 48 mm in diameter and of sufficient thickness to absorb 1.8 to 2.0 ml of
medium.

(8) Sterilized smooth-tipped forceps without corrugations on the inner side of the tips (ethyl or absolute
methyl alcohol (95%) and flaming may be used for sterilization).

(9 Incubator adjusted to 44.5+0.5° C or a suitable water bath.
(20) Microscope with magnification of 10 to 15 times and white fluorescent light source.

Reagents and Materials:

(1) Rehydrate M-FC medium in water containing 10 ml 1% rosolic acid in 0.2 N NaOH. Hesat to near
boiling, remove from heat and cool to below 50°C. Do not sterilize by autoclaving. The final pH
should be 7.4. Store the finished medium at 4 to 8°C in sealed plastic bags or other suitable container
to reduce moisture loss. Discard unused broth after 96 h and the unused agar medium after 2 weeks.

(2 Use5to 7 ml of the agar medium per 50x12 mm petri dish and let solidify.

Procedure:
Step 1: Sample Size

For drinking water, a 50 to 100 ml sample is suitable. When the bacterial density of the sampleis
unknown, filter a few millilitersto establish fecal coliform density. Estimate the volume expected to
yield a countable membrane. Two other portions, representing both one tenth and ten timesthe
estimated volume, can be used.
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Step 2: Sample Filtration
1) Place a sterile MF (grid side up) over the porous plate of receptacle using sterile forceps.

2) Carefully place matched funnel unit over receptacle and lock it in place. Filter the sample under a partial
vacuum.

3) Rinse funnd by filtering a 20 to 30 ml portion of sterile dilution water. Disengage vacuum, unlock and
remove funnel.

4) Remove MF using sterile forceps and place it on selected medium with rolling motion to avoid entrapment
of air.

5) Prepare a sterile rinse water sample (100 ml) as above after every 10 samplesin a series.
At the beginning of each filtration series, use a sterile filtration unit. If atime interval of more than 30 minutes
elapses between sample filtrations, begin a new series using a sterile filtration unit. Sterilize unit with a flowing
stream of boiling water or UV sterilizer.
Step 3 : Preparation of Culture Dish
If using liquid M-FC broth with pads:
(1) Placeasterile absorbent pad in each culture dish
(2)  Saturate pad with about 2.0 ml M-FC medium.
(33 Removeany excessliquid from culture dish.
(4)  PlacpMF the pad and invert the dish
If using M-FC broth without pads:
(1) Add 1.5% agar to the M-FC broth.
(2) Place5to 7 ml of the medium in each culture dish and let solidify.

(3) Roall the prepared MF onto agar surface, being careful to avoid entrapment of air.

Step 4: Incubation:
1) Place prepared dishes in waterproof plastic bags or sealed petri dishes with waterproof tape to prevent

leakage during submersion.

(2)  Submergein water bath and incubate for 24+2 h at 44.5 +0.2° C.

Step 5: Counting
(1) Use wide-field dissecting microscope (low power, 10-15 magnification) or other optical

device to count the blue colored colonies of E. coli on the M-FC.
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(2 Do not count the gray to cream colored coliform colonies.
Calculations:
CCC x 1005
FC = o
Vs
Where:

FC =fecal coliforms/100 ml
CCC =fecal coliform colonies counted

Vs  =volume of samplefiltered.

Precautions

(1) The presence of algae, particulates and turbidity in the sample solution can cause interference.

(2 This procedure is not applicable to wastewater samples that have received primary treatment followed
by chlorination

(3) Be sure to clean and sterilize of all equipment

References:

(14
Standard Methods for Examination of Water and Wastewater”, 19th Edition, American Public Hedlth
Association, Washington 1995 (Method 9222 D).
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