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The test methods given in the manual are validated/ standardized test methods. However,
it would be the responsibility of the respective testing laboratory to confirm that the
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Sr.No. | Abbreviation Expanded Form
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4. Hr hour
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6. min Minutes
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10. IS Indian Standard
11. ppb Parts per billion
12. ppm Parts per million
13. ISO International Organization for Standardization
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15. mg Milligram
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SCOPE

This manual covers methods of analysis of following types of water for the
parameters as mentioned in Food Safety and Standards Regulations 2011 as well as

current Indian Standards for respective category of Water:

1. Natural Mineral Water- Food Safety & Standard Regulations - 2011 and IS
13428:2005 Reaff. 2009 requirements

2. Packaged Drinking Water other than Natural Mineral Water- Food Safety &
Standard Regulations - 2011 and IS 14543:2004 Reaff. 2009 requirements

3. Water for processed Food Industry- IS 4251: 1967 Reaff. 1992 requirements

4. Drinking water- IS 10500: 2012
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SECTION A

ORGANOLEPTIC AND PHYSICO-CHEMICAL PARAMETERS
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CHAPTER I: ORGANOLEPTIC & PHYSICAL PARAMETERS

1. COLOUR

Introduction:

Colour in water may be due to inorganic ions, such as iron & manganese, humus & peat
materials, plankton, weeds and industrial wastes. The term ‘colour’ is used to mean true
colour that is the colour of water from which turbidity has been removed. The term
apparent colour includes not only the colour due to substances in solution, but, also that
due to suspended matter. Apparent colour is determined on the original sample without

filtration or centrifugation.

A. Platinum cobalt (visual comparison) method

1. Principle - Colour is measured by visual comparison of the sample with
platinum-cobalt standards. One unit of color/Hazen is, that produced by 1 mg platinum

per liter in the form of chloroplatinate ion.
2. Interferences

2.1. Slight amount of turbidity interfere with the determination. Therefore sample

showing visible turbidity should be clarified by centrifugation.

2.2. The method is pH dependant. Colour of water normally increases with increase

in pH value unless the coloured ion precipitates.

2.3. Use of filter paper may result in removal of some of the color, leading to
erroneous results. Therefore filter paper should not be used for determination of true

color

3. Sample Handling and preservation - Representative samples shall be taken in
clean glassware. Color should be determined as early as possible after the collection of
samples as biological activity or physical changes occurring during storage may affect

the colour. Refrigeration of water samples at 4°C is recommended.
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4. Apparatus
4.1. Nessler cylinders 50 mL capacity.

4.2. Centrifuge or filter assembles with glass fiber filters or membrane filters with

functional pore sizes of approximately 0.45um.
5. Reagents:

5.1. Standard chloroplatinate solution - Dissolve 1.246 gm potassium
chloroplatinate (K:PtCls) (equivalent to 500 mg metallic platinum) and 1.0 gm
crystalline cobaltous chloride (CoClz.6H20) (equivalent to 250 mg metallic cobalt) in
distilled water containing 100 mL concentrated hydrochloric acid. Dilute to 1000mL

with distilled water. This standard solution is equivalent to 500 colour units.
5.2. Preparation of standards

5.2.1. Prepare standards having color units of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60
and 70 by diluting 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0 and 7.0 mL standard
chloroplatinate solution with distilled water to 50 mL. Use distilled water as 0 unit

standard/Control.

5.2.2. Protect these standards against evaporation and contamination by use of clean
inert stoppers. The standards should also be protected against absorption of ammonia

which causes increase in colour.
6. Procedure

6.1. Apparent color - Observe the color of the sample by filling a matched Nessler
cylinder to the 50 mL mark with water and compare with standards. Compare by
looking vertically downward through the cylinder towards a white surface placed at
such an angle that light is reflected upwards through the column of liquid. If turbidity
has not been removed, report the colour as ‘apparent colour’. If the colour exceeds 70
units, dilute the sample with distilled water until the colour is in the range of the

standards.
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6.2. True color- Remove turbidity by centrifuging the sample until the supernatant
liquid is clear. Compare the centrifuged sample with distilled water to ensure that

turbidity has been removed. If the sample is clear, then compare with the standards.
6.3. Calculation - Calculate the color units as follows

50A
Color units/Hazen Units = v

Where
A= Estimated color of diluted sample

V= Volume in ml of sample taken for dilution

6.4. Report - Report the results in whole numbers as follows:

Sr. No. Color units/Hazen Record to nearest
Units
1. 1to50 1
2. 51t0100 5
3. 101 to250 10
4. 251 to500 20
7. Reference:

7.1. 1S:3025 (part 4) - 1983 (Reaffirmed 2002) - Methods of Sampling and Test

(Physical and chemical ) for water and Waste Water : Colour

B. Spectrophotometric Method

1. Principal - Colour characteristics are measured at pH 7.6 and original pH of the
sample by obtaining the visible absorption spectrum of the sample on a
spectrophotometer. The percent transmission at certain wavelengths is used to
calculate the results which are expressed in terms of dominant wavelength, hue,

luminance and purity.

10
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2. Apparatus-

2.1. Spectrophotometer - Having 10 mm absorption cells a narrow (10 mm or less)

spectral band and an effective operating range from 400 to 700 nm
2.2. Filtration system - Consisting of following

2.2.1. Filtration flasks 250 mL with side tubes

2.2.2. Crucible holder

2.2.3. Micrometlallic filter crucible average pore size 40 pm
2.2.4. Calcined filter aid (celite 505 equivalent )

2.2.5. Vacuum system

2.3. Sample Handling and preservation - Since biological activity may change the
colour characteristics of a sample, the determination should be made as soon as

possible.Refrigeration to 4°C recommended.
3. Procedure

3.1. Take two 50 mL samples and bring to room temperature use one sample at
original pH value and adjust pH of other sample to 7.6 by use of suitable volume of
concentrated sulphuric acid or sodium hydroxide so that not more than 0.5 mL acid or
alkali is used. Remove suspended material by centrifuging.Treat each sample separately
by thoroughly mixing 0.1 gm filter aid in a 10mL portion of centrifuged sample and
filtering the slurry to form a precoat in the filter crucible.Direct the filtrate to waste
flask of filtration system.Mix 40 mg filter aid in a 35 mL portion of the centrifuged
sample.With the vacuum still on,filter thought the precoat and passes the filtrate to
waste flask until clear, and then direct the clear filtrate flow to clean flask by means of

three way stop cock. Collect 25 mL sample for measurement of transmittance.

3.2. For determination of light transmittance characteristic clean 10 mm absorption
cells with detergent, rinse with distilled, filtered water and fill the cell with filtered

water.Determine the transmittance values (in percent) for the sample at each of the

11
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visible wavelength values given in Table-1. For fairly accurate work take readings at 10
ordinates marked with as asterisk, and for increases accuracy at all 30 ordinates.Set the
instrument to read 100 percent transmittance on the distilled water blank. Make all

determinations with a narrow spectral band.
3.3. Calculation

3.3.1. Tabulate the transmittance values corresponding to wavelength shown in col X,
Y and Z. Add each of transmittance columns and multiply the tables by the appropriate
factors (for 10 or 30 ordinates) shown at the bottom of the table to obtain tristimulus

values X, Y and Z. The tristimulue value Y is the percent luminance of the waste.

3.3.2. Calculate the trichromatic coefficients X and Y from Tristimulus values X ,Y and Z

by the equations

X = X
CX+Y+7Z

v Y
CX+Y+7Z

Locate the Point(X, Y) on one of the chromaticity diagrams shown in Fig-1 and
determine the dominant wavelength and purity from this diagram.Determine the hue

values from dominant wavelength value according to ranges given in Table-2.

3.4. Report - Report the colour characteristic at pH 7.6 at original pH in terms of
dominant wavelength, hue, Luminance and purity. Mention the type of instrument (i.e
Spectrophotometer).The number of selected ordinate (10 or 30) and the spectral
bandwidth.

Table-1 Selected Ordinates for Spectrophotometric colour Determinations:

Ordinate X Y Z
No. Wavelength (nm)
1 424.4 465.9 414.1
2% 435.5* 489.5* 422.2
3 443.9 500.4 426.3

12
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4 452.1 508.7 429.4
5% 461.2* 515.2* 432.0
6 474.0 520.6 434.3
7 531.2 525.4 436.5
8* 544.3* 529.8* 438.6
9 552.4 533.9 440.6
10 558.7 537.7 442.5
11* 564.1* 541.4* 444 4
12 568.9 544.9 446.3
13 573.2 548.4 448.2
14* 577.4* 551.8* 450.1
15 581.3 555.1 452.1
16 585 558.5 454
17* 588.7* 561.9* 455.9
18 592.4 565.3 457.9
19 596.0 568.9 459.9
20* 599.6* 572.5* 462.0
21 603.3 576.4 464.1
22 607.0 580.4 466.3
23* 610.9* 584.8* 468.7
24 615.0 589.6 471.4
25 6194 594.8 474.3
26* 624.2* 600.8* 477.7
27 629.8 607.7 481.8
28 636.6 616.1 487.2
29* 645.9* 627.3* 495.2
30 663.0 647.4 511.2
Factors when 30 Ordinates used
0.03269 0.03333 0.03938
Factors when 10 Ordinates used
0.09806 0.10000 0.11814

*Insert in each column the transmittance value in percent corresponding to the

13
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given wavelength. Where limited accuracy is sufficeient, only the ordinates marked

with an asterisk may be used.

Table 2: Colour Hues for Dominant Wavelength ranges:

Dominant wavelength range(nm) Colour hue

400-465 Violet
465-482 Blue
482-497 Blue green
497-530 Green
530-575 Greenish yellow
575-580 Yellow
580-587 Yellowish orange
587-598 Orange
598-620 Orange red
620-700 Red

400-530 C Blue purple

530 C-700 Red Purple

Note: See Fig 2 for significance of C

14
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Fig. 1 Chromatcity Diagram

2. ODOUR

Introduction:

Odour is recognized as a quality factor affecting acceptability of drinking water and food
prepared from it, tainting of fish and other aquatic organisms & aesthetes of
recreational waters. Most organic and some inorganic chemicals contribute taste or
odour. These chemicals may originate from municipal and industrial waste discharges,
natural sources, such as decomposition of vegetable matter or from associated

microbial activity.

15
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Odour of water, though very important, cannot be determined in absolute units.
Olfactory sense, which is the most sensitive means of detecting small concentrations of
odoriferous substances, lacks precision and mathematical expression nevertheless a
qualitative test is prescribed. In case of doubt as to the intensity or character of odour, a

majority opinion of several observers should be recorded

1. Preparation of apparatus - Thoroughly clean the requisite number of wide-
mouth glass stoppered bottles of about one liter capacity. Rinse them with hydrochloric
acid and render them completely odour-free by repeated washing with odour-less
distilled water, which can be prepared by passing distilled water through a column of

granulated activated carbon
2. Procedure:

2.1. As soon as possible after collection of sample, fill a cleaned bottle half full of
sample, insert the stopper, shake vigorously for 2 to 3 seconds and then quickly observe

the odour. The sample taken for observation of odour shall be at a room temperature.

2.2.  When it is desired to record the odour at an elevated temperature, make the

observation after warming the sample to about 60°C in a clean stoppered bottle.

3. Report

3.1. Report the true odour of the sample at the mouth of the bottle as rotten egg,
burnt, sugar, soapy, fishy, septic, aromatic, chlorinous, alcoholic odour or any other
specific odour. In case it is not possible to specify the exact odour, report as agreeable or
disagreeable.

4. Reference:

4.1. 1S:3025 (part 5) : 1983 (Reaffirmed 2002) - Methods of Sampling and Test

(Physical and chemical ) for water and Waste Water : Odour

16
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3.pH

Introduction:

pH value is the logarithm of reciprocal of hydrogen ion activity in moles per liter. In
water solution, variations in pH value from 7 are mainly due to hydrolysis of salts of
strong bases and weak acids or vice versa. Dissolved gases such as carbon dioxide,
hydrogen sulphide and ammonia also affect pH value of water. The overall pH value
range of natural water is generally between 6 and 8. In case of alkaline thermal spring
waters pH value may be more than 9 while for acidic thermal spring waters, the pH may
be 4 or even less than 4. Industrial wastes may be strongly acidic or basic and their
effect on pH value of receiving water depends on the buffering capacity of water. The pH
value of water obtained in the laboratory may not be the same as that the time of
collection of water samples, due to loss or absorption of gases, reactions with
sediments, hydrolysis and oxidation or reduction taking place within the same sample

bottle. pH value should preferably be determined at the time of collection of sample.

Methods for determination of pH in water are prescribed:-

A. Electrometric Method
B. Colorimetric Method

A. Electrometric method

1.1. Principle - The pH value is determined by measurement of the electromotive
force of a cell consisting of an indicator electrode immersed into the test solution and a
reference electrode. Contact between the test solution and the reference electrode is
usually achieved by means of a liquid junction which forms part of the reference
electrode. The electromotive force is measured with a pH meter i.e. a high impedance

voltmeter calibrated in terms of pH.

1.1.1. Several types of electrodes have been suggested for electrometric determination
of pH value. Although the hydrogen gas electrode is recognized as primary standard, the
glass electrode in combination with calomel electrode is generally used with reference
potential provided by saturated calomel electrode. The glass electrode system is based

on the fact that a change of 1 pH unit produces an electrical change of 59.1 mV at 25°C.

17
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The active element of glass electrode is membrane of a special glass. The membrane
forms a partition between two liquids of differing hydrogen ion concentration and a
potential is produced between the two sides of the membrane which is proportional to

the difference in pH between the liquids.

1.2. Interference

1.2.1. At pH value above 10, high sodium concentrations interfere with the
measurement. Correction for the sodium error may be made by consulting the chart
supplied by the manufactures of electrodes being used. Sodium errors at pH value levels

greater than 10 can be reduced or eliminated by using a low sodium error electrode.

1.2.2. Oil and grease may interfere by coating the pH electrode and causing a sluggish
response. These coatings can usually be removed by gentle wiping or detergent
washing, followed by distilled water rinsing. An additional treatment with hydrochloric

acid (1%) may be necessary to remove any remaining film.

1.2.3. Temperature affects the pH values in two ways. The first is covered by the
change in electrode output at various temperatures. This interference can be controlled
with instruments having temperature compensation or by calibrating the electrode
instrument system at the temperature of the samples. The second source is the change
of pH inherent in the sample at various temperatures. This error is sample dependent
and cannot be controlled. Therefore the temperature at the time of analysis should be

reported.

1.3. Apparatus

1.3.1. pH Meter with glass and reference electrode (saturated calomel) preferably with

temperature compensation.
1.3.2. Magnetic stirrer with polytetrafluoroethylene coated stirring bar.

1.3.3. Thermometer with least count of 0.5°C.

1.4. Reagents - Standard pH buffer solutions be prepared using commercially

available tablets or powder with NIST traceability or known amount of chemicals.

18
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Procedures for the preparation of some standard pH buffer solutions are given below

and Table 1 shows the pH value of these buffers at different temperatures.

1.4.1. Borax buffer - 0.01 M solution, pH 9.18 at 25°C: Dissolve 3.814 gm borax
(NazB407.10H20) in deionized or distilled water and dilute to 1 It. Fresh borax may be
used or it may be recrystallized, but, it should not be over dried. For preparation of
dilution water, freshly boil and cool deionized or distilled water to expel carbon dioxide
gas. Specific conductance of dilution water should be less than 2 uS at 25°C and pH value

5.6 to 6.0 for preparation of all standard solutions.

1.4.2. Phosphate buffer - 1:1 solution, pH 6.865 at 25°C: For preparing 0.025M
potassium dihydrogen phosphate and 0.025 M disodium hydrogen phosphate, dry
potassium dihydrogen phosphate and sodium dihydrogen phosphate in an oven at
130°C for 2 hr and cool in a desiccator. Dissolve 3.388 gm potassium dihydrogen
phosphate and 3.533gm sodium dihydrogen phosphate in deionized or distilled water
and make up to 1 It.

1.4.3. Tartrate buffer - 0.034M solution, pH 3.56 at 25°C: Prepare a saturated solution

of potassium hydrogen tartrate in deionized or distilled water.

1.4.4. Phthalate buffer - 0.05M solution, pH 4.008 at 25°C: Dissolve 10.12 gm

potassium hydrogen phthalate in deionized water and dilute to 1 It.

1.4.5. Tetraoxalate buffer- 0.05M solution, pH 1.68 at 25°C: Dissolve 12.61 gm

potassium tetraoxalate dihydrate in deionized water and dilute to 1 It.

Table 1: pH value of buffers at different temperatures:

S. Temp | Potassiu | Potassiu | Potassiu | Potassium | Sodium | Calcium
No. | eratur m m m Dihydroge | Borate | Hydroxi
e Tetraoxla | Hydrogen | Hydroge n Decahy de
oC te(0.05M) | Tartarate n Phosphate | drate | Saturate
(Saturate | Phthalat & (Boraxe d
d) e Disodium ) (0.0203
(0.034M) | (0.05M) | Hydrogen | (0.01M) M)
Phosphate
(0.025M)
1. 0 1.67 - 4.01 6.98 9.46 13.43
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2. 5 1.67 - 4.01 6.95 9.39 13.21
3. 10 1.67 - 4.00 6.92 9.33 13.00
4. 15 1.67 - 4.00 6.90 9.27 12.31
5. 20 1.67 - 4.00 6.88 9.23 12.63
6. 25 1.68 3.56 4.01 6.86 9.18 12.45
7. 30 1.68 3.55 4.02 6.85 9.14 12.30
8. 35 1.69 3.55 4.03 6.84 9.10 12.04
9. 40 1.69 3.55 4.04 6.84 9.07 11.99
10.] 50 1.71 3.55 4.06 6.83 9.01 11.70
11.| 60 1.72 3.56 4.09 6.85 8.96 11.45

1.4.6 Calcium Hydroxide Buffer - 0.0203M solution, pH 12.45 at 25°C: Ignite well
washed calcium carbonate (CaCO3) of low alkali grade in a platinum dish at 1000°C for
1hr. Hydrate the cooled calcium oxide by adding deionized water slowly with stirring
and heat to boiling. Filter the cooled suspension and collect the solid calcium hydroxide
on fritted glass filter of medium porosity. Dry the collected calcium hydroxide in an
oven at 110°C, cool and pulverize to uniformly fine granules. Vigorously shake an excess
amount of this product in polyethylene bottle with distilled or demineralized water.
Allow the gross excess to settle and filter by suction through a fritted glass funnel. Keep

the securely stoppered bottle to prevent ingress of carbon dioxide.

1.5. Sample handling /preservation

1.5.1. Samples should be analyzed as soon as possible preferably in the field at the time

of sampling.

1.5.2. High purity waters and waters not at equilibrium with the atmosphere (ground
waters or lake waters collected at depth) are subject to changes when exposed to the
atmosphere. Therefore the sample containers should be filled completely and kept

sealed prior to analysis.

20
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1.6. Procedure— Follow the manufacturer's instructions for operation of pH meter.
After required warm-up period, standardize the instrument with a buffer solution of pH
near that of the sample and check electrode against at least one additional buffer of
different pH value. Measure the temperature of the water and if temperature
compensation is available in the instrument adjust it accordingly. Rinse and gently wipe
the electrodes with solution. If field measurements are being made, the electrodes may
be immersed directly in the sample stream to an adequate depth and moved in a
manner to ensure sufficient sample movement across the electrode, the sensing element
as indicated by drift free readings (<0.1 pH unit). If necessary, immerse them into the
sample beaker or sample stream and stir at a constant rate to provide homogeneity and
suspension of solids. Rate of stirring should minimize the air transfer rate at the air-
water interface of the sample. Note and record sample pH and temperature. However, if
there is a continuous drift, take a second reading with the fresh aliquot of sample

without stirring and report it as the pH value.

1.7. Calculation — Report pH to the nearest coefficient or 0.01 unit (if instrument

reads up to 2 decimal places) and temperature to the nearest °C.

B. Colorimetric Method

2.1 Principle — A series of indicators and buffer solutions are used for

determination of pH value by visual comparison.
2.2 Reagents

2.2.1 Indicators - Prepare universal Indicator by dissolving 0.05 gm of methyl orange,
0.15 gm of methyl red, 0.3 gm of bromethymol blue and 0.35 gm of phenolphthalein in

one liter of alcohol (66 percent). The color changes are:

pH Color
Upto 3 Red
4 Orange Red
5 Orange
6 Yellow
7 Yellowish green

21



WATER ANALYSIS | 2016
8 Greenish Blue
9 Blue
10 Violet
11 Reddish Violet
2.2.2 Prepare indicator solution as given below:
Table 1: Preparation of indicator solution:
S. Name of pH Color Method of Preparation
No Indicator Range Change
1. | Thymol blue 1.2t0 2.8 Red to Weigh 0.10 gm, add 10.75 mL
(acid range) yellow of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
2. | Bromophenol 3.0to 4.5 Yellow to Weigh 0.10 gm, add 7.45 mL
blue blue violet | of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
3. | Bromocresol 3.8to 5.4 Yellowto | Weigh 0.10 gm, add 7.15 mL
green blue of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
4. | Methyl red 4.2t06.3 Red to Weigh 0.10 gm, add 18.60 mL
yellow of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
5. | Bromocresol 5.2t06.8 Yellowto | Weigh 0.10 gm, add 9.25 mL
purple blue violet | of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
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6. | Bromothymol 6.0to 7.8 Yellowto | Weigh 0.10 gm, add 8.00 mL
blue blue of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
7. | Phenol red 6.8 to 8.4 Yellowto | Weigh 0.10 gm, add 14.20 mL
red of N/50 sodium hydroxide
solution and dilute with water
to 250 Ml
8. | Cresol red 7.2t08.8 Yellowto | Weigh 0.10 gm, add 13.10 mL
red of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
9. | Thymol blue 8t09.5 Yellowto | Weigh 0.10 gm, add 10.75 mL
(alkaline range) blue of N/50 sodium hydroxide
solution and dilute with water
to 250 mL
10.| Thymolphthalein 9.3 to Colourless | Dissolve 0.10gm in 100mL of
10.5 to blue rectified spirit [see IS : 323-
1959 Specifications for
rectified sirit (revised)]
11.| Thymol violet 9.0 to Yellow to | Dissolve 0.10gm of tropaeolin
13.0 green to O in 100mL of water. Dissolve
violet 0.04gm of thymolphthalein in
a mixture of 50mL of water.
Mix one part of tropaeolin O
solution with 4 parts of
thymophthalein solution.

2.3 Procedure — Take 100 mL of the sample in a hard glass tube and determine the

approximate pH by using the universal indicators. Repeat using a solution of the

indicator (about 1/20 of the volume of the liquid being tested) which corresponds to
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the approximate pH found above. Compare the color produced with a series of buffer

solutions of known pH each containing the same proportion of the indicators.

2.4 Report — Report the pH of that buffer solution which matches with that of the

sample to the nearest 0.1 unit.
3 Reference:

3.1 IS 3025 (part 11) - 1983 (Reaffirmed 2002)- Methods of Sampling and Test
(Physical and chemical ) for water and Waste Water : pH Value

4. TASTE

1. Principle - Each panelist (tester) is presented with a list of nine statements
about the water, ranging from very favorable to very unfavorable. The tester selects a
statement that best expresses his opinion. The scored rating is the scale number of the
statement selected. The panel rating is the arithmetic mean of the scale numbers of all

testers.

2. Apparatus

2.1. Tasting - Present each sample to the observer in a clean 50 mL beaker filled to

the 30mL level.

2.2. Temperature control - Temperature of the samples shall be such that the
observers find it pleasant for drinking. Maintain this by using a controlled temperature
water bath. A temperature of 15°C is recommended but in any case do not allow it to

exceed 27°C.
3. Reagents

Taste and odour-free water and 2000 mg/L solution of sodium chloride prepared with

taste and odour -free water as reference sample.

24



WATER ANALYSIS | 2016

4. Procedure

4.1. For test efficiency a single rating session may contain up to 10 samples including
the reference samples. Observers should work separately after receiving thorough
instructions and trial or orientation sessions followed by questions and discussion on

procedures. Select panel members on the basis of performance in trial sessions.

4.2. Rate the samples as follows:

4.2.1. Initially taste about half of the sample by taking the water into the mouth,
holding it for several seconds and leaving off it without swallowing.

4.2.2. Form an initial judgment on the rating scale

4.2.3. Make a second tasting the same manner as the first.

4.2.4. Make a final rating for the sample and record the results on the appropriate data
form

4.2.5. Rinse the mouth with taste and odour free water.

4.2.6. Give a gap of one minute before repeating steps 4.2.1 to 4.2.5 on the next sample

4.3. Independently randomize sample order for each judge. Allow 30 min gap
between repeated rating sessions. The observers should not know the composition or
source of specific samples. Use the scale given in 4.4 for rating and record ratings as

integers ranging from one to nine with one given the highest quality rating.

4.4. Rating scale : Action tendency scale

a.  would be very happy to accept this water as my every day drinking water.
b. I would be happy to accept this water as my every day drinking water.

c. I am sure that I could accept this water as my everyday drinking water.

d. I could accept this water as my everyday drinking water.

e. May be I could accept this water as my everyday drinking water.

f. I do not think I could accept this water as my everyday drinking water.

g. I cannot accept this water as my everyday drinking water.

h. I could never drink this water.

i. [ cannot stand this water in my mouth and I could never drink it.
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5. Precautions

5.1. Make taste tests only on samples known to be safe for ingestion.

5.2. Do not use samples that may be contaminated with bacteria, virus, parasites or
toxic chemicals such as arsenic, dichlorinating agents or that derived from an
unaesthetic source.

5.3. Observe all sanitary and esthetic precautions with regard to apparatus and
containers containing the sample. Practice hospital level sanitation of these items.

5.4. Make analysis in a laboratory free from interfering background odours. If
possible, provide carbon filtered air at constant temperature and humidity because

without such precautions the test measures flavor and not taste.

6. Calculations - Calculate the mean and standard variation of all rating given to

each sample. Report the temperature at which the sample is tested.

7. Reference:
7.1. IS 3025 part-8:1984 (Reaffirmed 2002)- Methods of Sampling and Test (Physical

and chemical ) for water and Waste Water : Taste Rating

5. TURBIDITY

Introduction:

The turbidity of sample is the reduction of transparency due to the presence of
particulate matter such as clay or slit, finely divided organic matter, plankton or other
microscopic organisms. These cause light to be scattered and absorbed rather than
transmitted in straight lines through the sample. The values are expressed in
nephelometric turbidity units (NTU). The method is applicable to drinking, surface and
saline waters in the range of turbidity 0-40 NTU. Higher values may be obtained by

dilution of the sample.

Nephelometric method
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1. Principle - It is based on comparison of the intensity of light scattered by the
sample under defined conditions with the intensity of light scattered by a standard

reference suspension under the same conditions.

2. Interferences - Coloured solutes cause lowering of turbidity values.

3. Apparatus
3.1.  Sample tubes - The sample tubes should be of clear and colourless glass.

3.2.  Turbidimeter - The turbidimeter shall consist of a nephelometer with a light
source for illuminating the sample and one or more photoelectric detectors with a
readout device to indicate the intensity of light scattered at right angles to the path of
the incident light. The turbiditimeter should be so designed that little stray light reaches
the detector in the absence of turbidity and should be free from significant drift after a

short warm up period.

4. Reagents

4.1. Turbidity free water - Pass distilled water through membrane filter having a
pore size not greater than 0.45 pm. If such filtered water shows a lower turbidity than
the distilled water, discard the first 200mL collected water. Other wise use distilled

water.

4.2. Hexamethylene tertramine solution - Dissolve 10.0gm hexamethylene tetramine

in demineralized water and dilute to 100mL.

4.3. Hydrazine sulphate solution - Dissolve 1.0 gm hydrazine sulphate [(NH2)2H2S04]

in demineralized water and dilute to 100mL

4.4, Turbidity standard suspension-I (Formazin) - In a 100mL volumetric flask mix
5.0mL hydrazine sulphate solution with 5.0mL haxamethylene tetramine solution. After
24 hr standing at 25+3°C, dilute to 100mL with demineralized water and mix well.

Prepare fresh suspension monthly.

4.5. Turbidity standard suspension-II -Dilute 10mL turbidity standard suspension 1

to 100mL with demineralized water. The turbidity of this suspension is defined as 40
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Jackson Turbidity Units (JTU). Prepare fresh suspension weekly. This suspension may

be diluted as required to prepare more dilute turbidity standards.

5. Sample Handling and Preservation - Preservation of sample is not practical.
Analysis should begin as soon as possible. Refrigeration or chilling to 4°C is

recommended to minimize microbiological activity.
6. Procedure -

6.1. Turbidimeter calibration - Follow the manufacturer’s operating instructions.
Measure the standards on turbidimeter covering the range of interest. If the instrument
is already calibrated in standard turbidity units, this procedure will check the accuracy

of calibration.

6.2.  Turbidity less than 40 units - Shake the sample to disperse the solids. Wait until
air bubbles disappear. Pour the sample into turbidimeter tube and read turbidity

directly from the instrument scale or from calibration curve.

6.3. Turbidity greater than 40 units - In case turbidity values are greater than 40
units, dilute the sample with turbidity free water to bring the values within range. Take
reading of diluted sample. Compute the turbidity of the original sample from the
turbidity of the diluted sample and the dilution factor.

6.4. Calculation- Calculate the turbidity of diluted samples using the following
equation

Turbidity Units = 2<(8+€)

Where
A= Turbidity units of diluted sample
B= Volume in mL of dilution water used

C= Volume of sample in mL taken for dilution

7. Report - Report turbidity as follows:

Turbidity range in Record to the Nearest
unit

0-1 0.05
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1-10 0.1
10-40 1
40-100 5
100-400 10
400-1000 50
Greater than 1000 100

8. Reference :

8.1. IS : 3025 Part-10 1984 (Reaffirmed 2002)- Methods of Sampling and Test
(Physical and chemical ) for water and Waste Water : Turbidity

6. TOTAL DISSOLVED SOLIDS (TDS)

The following two methods are applicable for TDS measurement

A. Gravimetric Method

B. Determination of TDS based on conductivity
A. Gravimetric method

1. Principle - The sample is filtered and the filtrate evaporated in a tarred dish on
steam bath. The residue after evaporation is dried to constant mass at 103-105°C or

179-181°C

2. Interferences -

2.1. Highly mineralized waters containing significant concentration of calcium,
magnesium, chloride and sulphate may be hygroscopic. These may require prolonged
drying, desiccation and rapid weighing. However, prolonged drying may also cause loss

of constituents, particularly nitrates and chlorides.

2.2. A large amount of residue in the evaporating basin may crust over and entrap

water preventing its evaporation during drying. For this reason, the volume of the
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sample should be adjusted so that the residue left after drying should be about 100-
200mg.

3. Apparatus -
3.1. Filter - Any one of the following filter may be used.

3.1.1. Glass fiber filter disc - (Whatman GF/C or equivalent) 2.1 to 5.5 cm in diameter,
pore size 1.2 um

3.1.2. Paper - Acid washed ashless hard filter finish; filter paper sufficiently retentive
for the fine particles (Pore size 2-2.5 um equivalent to Whatman filter no.542).

3.1.3. Gooch crucible-30mL capacity with 2.1 or 2.4 cm diameter glass fibre filter disc
(Whatman or equivalent).

3.1.4. Sintered disc-G-5 or its equivalent with pore size 1 to 2 pum.

3.1.5. Membrane filters 0.45 pum membrane.

3.2. Filtering assembly depending upon the type of filter selected.

3.3. Drying oven with thermostatic control for maintaining temperature up to 180 +2°C.
3.4. Desiccators provided with a colour indicating desiccant.

3.5. Analytical Balance 200gm capacity and capable of weighing to nearest 0.1 mg.

3.6. Magnetic stirrer with Teflon coated stirring bars.

4, Sample handling and preservation - Preservation of the samples is not
practical. Analysis should begin as soon as possible. Refrigeration or chilling to 4°C to
minimize microbiological decomposition of solids is recommended.

5. Procedure

5.1. Heat the clean evaporating dish to 180°C for 1 hr. Cool in the desiccator, Weigh

and store in the desiccators until ready for use.
5.2. Filter a portion of the sample through any of the filter mentioned in 4.1. Select

volume of the sample which has residue between 25 and 250mg preferably between

100 to 200mg. This volume may be estimated from values of specific conductance to
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obtain a measurable residue, successive aliquots of filtered sample may be added to the

sample dish.

5.3.  Stir volume of sample with a magnetic stirrer or shake it vigorously. Pipette this
volume to a weighed evaporating dish placed on a steam bath. Evaporation may also be
performed in a drying oven. The temperature of drying oven shall be lowered to
approximately 98°C to prevent boiling and splattering of the sample. After complete
evaporation of water from the residue, transfer this dish to an oven at 103-105°C or
179-181°C and dry to constant mass i.e. till the difference in the successive weighing is
less than 0.5 mg. Drying for a long duration (usually 1-2 hr) is done to eliminate
necessity of checking for constant mass. The time for drying to constant mass with a
given type of sample when a number of samples of nearly same type are to be analyzed

has to be determined by trial.

5.4. Weigh the dish as soon as it has cooled avoiding residue to stay for long time as
some residues are hygroscopic and may absorb water form desiccant that is not

absolutely dry.

5.5. Calculation - Calculate filterable residue from the following equation

1000M
\

Filterable residue, mg/L =

Where
M = Mass in mg of filterable residue

V = volume in mL of the sample

6. Report - Report in whole numbers for less than 100 mg/L and to three

significant figures for values above 100mg/L. Report the temperature of determination.

7. Reference:
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7.1. IS : 3025 part 16 - 1984 (Reaffirmed 2002)- Methods of Sampling and Test
(Physical and chemical ) for water and Waste Water : Filterable Residue (Total

Dissolved Solids)

B. Determination of TDS based on conductivity

This method involves two steps:

1. Determination of Conductivity
2. Calculation of TDS by conductivity
1. Determination of Conductivity

1.0  Principle- Specific conductance is determined by using a wheatstone bridge in
which a variable resistance is adjusted so that it is equal to the resistance of the
unknown solution between platinized electrodes of a standard conductivity cell. The cell

constant is determined by the following relationship:

Specific conductance = Conductance x Cell constant, or

Cell constant

Specific conductance = -
Resistance

The cell constant is determined experimentally with a standard solution of known

conductance.

2.0 Interference

2.1 Temperature affects conductivity, which varies by about 2% per degree Celsius.
The temperature of 25°C is taken as standard. It is desirable to observe the conductivity
at 25°C or as near to this temperature as possible, although compensation for variations

from it can be made. In some instruments, this is made automatically.

2.2  Dissolved carbon dioxide increases conductivity without increasing the mineral

salt content. However, the effect is not large and it is usual to ignore it. In low pH water,
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H+ ions and in high pH water OH- ions, may contribute substantially to conductivity
owing to high equivalent conductivity of these ions. Water with high silica (SiO2)
content give relatively low values of electrical conductivity to total dissolved solids ratio

as Si02 (H4Si04) does not contribute significantly to electrical conductance values.

2.3 Itis not convenient to use water containing large amount of suspended matter. It
should be settled or filtered. High suspended matter also affects electrical conductance

values.

2.4 Samples containing fat, grease, oil, tar, etc, may contaminate the electrodes

causing erratic results.

3. Apparatus
3.1. Conductivity Meter- Wheatstone bridge type or equivalent direct reading meter

3.2. Conductivity Cells- Cells of at least two different cell constants, for
measurement of wide range of conductivities. Specific conductance ranges and

corresponding values of cell constants are given below

SPECIFIC CONDUCTANCE CELL CONSTANT
uS/cm at 25°C

20 - 1000 0.2

40 - 2000 0.5

100 - 4000 1.0
200-10000 2.0

400- 20000 5.0
10000 - 40000 10.0

3.3 Thermometer- 0 to 50°C, graduated in 0.1°C.

Note- some direct reading conductivity meters have automatic compensation built into

the instrument.
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4. Reagents

4.1. Standard Potassium Chloride Solution- Dissolve 0.5232gm potassium chloride
dried at 180°C for 1 hr in demineralized water and dilute to 1000mL. The distilled
water used for preparing standard solutions should have a very low conductivity. The
specific conductance of this solution at 25°C is 1000us/cm and the concentration of this
solution is 0.00702 N. Alternatively, dissolve 0.7456 gm of anhydrous potassium
chloride, dried at 180°C for 1 hour in distilled water and make up to 1000 mL at 25°C .
The specific conductance of this solution at 25°C is 1408ps/cm and the concentration of

this solution is 0.01N.
5. Procedure

5.1 Platinizing of cell- Platinization of cell is required when readings become erratic.
For platinizing, clean the cell in chromic acid solution once and rinse several times with
distilled water. Place the cell in a commercial platinizing solution or dissolve 3 gm of
chloroplatinic acid (H2PtCle) in 10 mL water to which 20 mg lead acetate has been
added. Connect it with two dry cells of 1.5 volts each in parallel and reverse the
direction of the current once a minute for 6 minutes or till the shining platinum surface
is covered. Repeat the electrolytic process using 10% sulphuric acid to remove chlorine.

Wash with distilled water and keep the cell immersed in distilled water when not in use.

5.2  Set the instrument according to manufacturer’s instruction. In some instruments
correction for cell constant and temperature factor is provided. If this arrangement is
not there, cell constant may be separately determined and values of specific

conductance should be converted to 25° C by multiplying with the factor given in table1.

K1 +K?2

Cell Constant, L =
Kx xf

Where

K1 = conductivity in ps /cm of the potassium chloride solution at 25°C;
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5.3

K2 = Conductivity in ps/cm of distilled water at 25°C used for preparing the

reference solution;
Kx = measured conductance in ps/cm; and

f = temperature factor for converting specific conductance value to that at

25°C (see table 1)

Note- if K2 is very low, it may be ignored.

Determine conductivity of 0.00702 N potassium chloride or 0.01 N. Potassium

chloride solution by use of instrument in accordance with manufacturer’s instructions.

Measure the temperature of the solution before and after the test and take the mean

value (t°C).

5.4

Because the cell constants are subject to slow change even under ideal

conditions and sometimes to more rapid change under adverse conditions, it is

recommended that cell constant be periodically established.

5.5

6.

Determine conductance of the unknown sample.

Calculation - Calculate specific conductance as follows:

Specific conductance at 25°C, ps/cm = KLf
Where
K = conductivity, us/cm;
L = Cell Constant; and

f = factor for converting specific conductance value to that at 25°C
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Temperature Factor Temperature Factor Temperature Factor
oc f oc f oc f
15.0 1.247 23.0 1.043 30.2 0.904
16.0 1.218 23.2 1.038 30.4 0.901
16.2 1.212 23.4 1.034 30.6 0.897
16.4 1.206 23.6 1.029 30.8 0.894
16.6 1.200 23.8 1.025 31.0 0.890
16.8 1.194 24.0 1.020 31.2 0.887
17.0 1.189 24.2 1.016 314 0.884
17.2 1.184 24.4 1.012 31.6 0.880
17.4 1.179 24.6 1.008 31.8 0.877
17.6 1.174 24.8 1.004 32.0 0.873
17.8 1.169 25.0 1.000 32.2 0.870
18.0 1.163 25.2 0.996 32.6 0.864
18.2 1.157 25.4 0.992 32.8 0.861
18.4 1.152 25.6 0.988 33.0 0.858
18.6 1.147 25.8 0.983 33.2 0.855
18.8 1.142 26.0 0.979 334 0.852
19.0 1.136 26.2 0.975 33.6 0.849
19.2 1.131 26.4 0.971 33.8 0.846
19.4 1.127 26.6 0.967 34.0 0.843
19.6 1.122 26.8 0.964 35.0 0.829
19.8 1.117 27.0 0.960 36.0 0.815
20.0 1.112 27.2 0.956 37.0 0.801
20.2 1.107 27.4 0.953 38.0 0.788
20.4 1.102 27.6 0.950 39.0 0.775
20.6 1.097 27.8 0.947 40.0 0.763
20.8 1.092 28.0 0.943 41.0 0.750
21.0 1.087 28.2 0.940 42.0 0.739
21.2 1.082 28.4 0.936 43.0 0.727
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21.4 1.076 28.6 0.932 44.0 0.715

21.6 1.073 28.8 0.929 45.0 0.705

21.8 1.068 29.0 0.925 46.0 0.694

22.0 1.064 29.2 0.921 47.0 0.683

22.2 1.060 29.4 0.918

22.4 1.055 29.6 0914

22.6 1.051 29.8 0911

22.8 1.047 30.0 0.907

7. Precision and Accuracy - Precision and accuracy depend on the instrument

used. Generally a precision and accuracy of about + 3 percent or less are possible with

good quality instruments.

2. Calculation of TDS by conductivity

The ability of a solution to conduct an electric current is the functioning of the
concentration and charge of ions in the solution and also depends on ionic mobility.
Ionic mobility decreases with increase in number of ions per unit volume of solution
due to interionic effect and other factors. Broadly, the relationship between
conductivity and dissolved solids and conductivity and soluble cations is given by the

following equations:
AK=S and,
K=100C
Where

A = multiplication factor for converting conductivity values to total dissolved

solids;
K = conductivity in ps/cm,
S = total dissolved solids in mg/L, and

C = total soluble cations in meq/L.
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Note 1- the value of A varies from 0.54 to 0.96 depending on the nature of ion present in

water, and is usually taken as 0.65.

Note 2 -The relationship given above is approximate and is used for broad checking
only and should not be used for accurate calculations. Types of ions present in solution
effect these relationships. A pure solution of sodium bicarbonate with total dissolved
solids 980 mg/L will have a conductivity of 1000us/cm and a solution of sodium
chloride with total dissolved solids 500 mg/L will have the same conductivity. Presence
of relatively low conductivity particles or molecules like silicic acid and the presence of

H*and OH™ ions effect the ratio between conductivity and total dissolved solids.
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CHAPTER II: GENERAL CHEMICAL PARAMETERS

1. AMMONIACAL NITROGEN

Introduction:

In water nitrogen is present in different forms namely Nitrate, Nitrite Ammonia &
organic Nitrogen. All these forms are biochemically interconvertible and are component
of nitrogen cycle. In water ammonia is present in surface water. Its concentration is
generally low in ground water because it is absorbed in soil particles and clays and is

not leached readily form soils.

Methods for determination of Ammoniacal Nitrogen in water are prescribed:-

By titration Method
Nesslerization Method
Phenate Method

Ammonia Selective Electrode Method

Mo oo oW P

Flow Injection Analysis

A. By Titration Method

1. Principle - The sample is buffered & distilled and Ammonia absorbed in
distillate is titrated with standard Sulphuric acid. The following table values are used for

selecting sample volume for distillation.

NH3-N in Sample (mg/L) Sample Volume (mL)
5-10 250
10-20 100
20-50 50
50-100 25
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2. Apparatus

2.1. Distillation assembly- borosilicate glass flask of 800 to 2000 mL capacity
attached to a vertical condenser so that the outlet tip may be submerged below the

surface of the receiving acid solution.
3. Reagents

3.1. Mixed indicator solution - Dissolve 200 mg of methyl red indicator in 100 mL
95% ethyl or isopropyl alcohol. Dissolve 100 mg of methylene blue in 50 mL of 95 %
ethyl or isopropyl alcohol. Combine these two solutions. Prepare the indicator solution

monthly.

3.2. Indicating boric acid solution - Dissolve 20 gm hypoboric acid in ammonia free

water, add 10 mL of mixed indicator solution and dilute to 1 liter.

3.3. Borate Buffer - Add 88 mL of 0.1 N sodium Hydroxide to 500 mL of 0.025 M
sodium tetraborate (50 gm NazB407 or 9.5 gm NazB407.H20) and make up to 1000 mL

3.4. Standard sulphuric acid titrant - 0.02 N (1mL=280 pg of nitrogen)

4. Procedure

4.1. Preliminary Distillation Step

4.1.1. The two major factors that influence selection of the method for determination of
ammonia are concentration and presence of interference. Where interferences are

present and greater precision is necessary a preliminary distillation step is necessary.

4.1.2. Add 500 mL water and 20 mL of borate buffer solution to a distillation flask and
adjust pH to 9.5 with 6 N sodium hydroxide solution. Add a few glass beads and use this
mixture to steam out the distillation apparatus until distillate shows no trace of

ammonia.

4.1.3. Use 500 mL water of dechlorinated sample or a portion diluted to 500mL with
water. Remove residual chlorine by adding, dechlorinating agent equivalent to chlorine

residual at the time of collection. If necessary, neutralize to pH 7 with dilute acid or
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alkali. Add 25 mL of borate buffer and adjust pH to 9.5 with 6 N sodium hydroxide

solutions using a pH meter.

4.1.4. To minimize contamination leave distillation apparatus assembled after
steaming out and until just before starting the sample distillation. Disconnect steaming
out flask and immediately transfer sample flask to distillation apparatus. Distil at the
rate of 6 to 10 mL/min with the tip of the delivery tube below the surface of acid
receiving solution. Collect distillate in 500 mL Erlenmeyer flask containing 50 mL
indicating boric acid solution. Collect at least 200 mL of distillate. Lower the collected
distillate free of contact with the delivery tube and continue distillation during the last

minute or two to cleanse condenser and delivery tube. Dilute to 500 mL with water.

4.2. Titrate ammonia in distillate against standard sulphuric acid until indicator turns
pale lavender. Carry a blank through all steps of the procedure and apply the necessary

correction to the results.

4.3. Calculation

[= (A-B)x280

Ammonical nitrogen mg/ S

Where

A= Volume in mL of sulphuric acid used for sample,
B= Volume in mL of sulphuric acid used for blank, and

V= Volume in mL of sample taken for test.
B. Nesslerization Method
1. Principle- The sample is buffered and distilled. The ammonia in the distillate or
in the sample is treated with Nessler’s reagent and the colour developed is matched
with that of a series of standard ammonia solutions or measured photometrically at 400

to 425 nm.

2. Apparatus
2.1  Spectrophotometer- for use at 400 to 500 nm.
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2.2 Filter photometer- equipped with violet filter and having maximum absorbance
at 400- 425 nm.

2.3  Nessler tubes

2.4 pH meter

3. Reagents

3.1  Zinc sulphate solution- Dissolve 100 gm of zinc sulphate ZnS047H20 and dilute to

1 liter with water.

3.2  Stabilizer reagent- Use EDTA or Rochelle salt to prevent calcium or magnesium

precipitation in undistilled samples:

EDTA reagent- Dissolve 50 gm of EDTA in 60 mL water containing 10 gm of
sodium hydroxide. Heat gently to complete dissolution. Cool to room temperature and

dilute to 100 mL

Rochella salt solution- Dissolve 50 gm of potassium sodium Tartrate

tetrahydrate in 100 mL of water

3.3  Nessler’s reagent- Dissolve 100 gm of mercuric iodide and 70 gm of potassium
iodide in a small quantity of water and add this mixture slowly with stirring to a cool
solution of 160 gm of sodium hydroxide dissolved in 500 mL of water. Dilute to 1 litre.
Store in brown rubber stopper glass bottle. Reagent is stable up to one year. It is toxic

and so avoid ingestion.

3.4  Stock ammonia solution- Dissolve 3.819 gm of anhydrous ammonium chloride in

water and dilute to 1 litre (1.00 mL = 1.00 mg of nitrogen = 1.22 mg of ammonia).

3.5 Standard ammonia solution- Dilute 10.00 mL of stock solution to 1000 mL with

water (1.00 mL = 12.2 pg of ammonia = 10.0 pg of N).
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3.6 Permanent colour solutions

3.6.1 Potassium chloroplatinate solution- Dissolve 2.0 gm of potassium chloroplatinate
in 300 to 400 mL of water, add 100 mL of concentrated hydrochloric acid and dilute to 1

liter.

3.6.2 Cobaltous Chloride solution - Dissolve 12 gm of cobaltous chloride (CoCl2.6H20)
in 200 mL of water. Add 100ml of concentrated hydrochloric acid and dilute to 1 liter.

4. Procedure

4.1 Treatment of undistilled samples- if necessary, remove residual chlorine. Add
1mL of zinc sulphate solution to 100 mL of sample and mix thoroughly. Add 0.4 to 0.5
mL of 6 N sodium hydroxide solution to obtain a pH of 10.5 and mix well. Let treated
sample stand for a few minutes, whereupon a heavy flocculent precipitate should fall,
leaving a clear and colorless supernate. Clarify by centrifuging or filtering. Pretest any
filter paper used to be sure no ammonia is present as a contaminant. Do this by running
water through the filter and testing the filtrate by nesslerization. Filter sample,

discarding first 25 mL of filtrate.

4.2  Colour development

4.2.1 Undistilled samples- Use 50 mL of sample or a portion diluted to 50 mL with
water. If undistilled portion contains sufficient concentrations of calcium, magnesium or
other ions that produce turbidity or precipitate with nessler reagent add 1 drop of
EDTA reagent or 1 to 2 drops of Rochelle salt solution. Mix well. Add 2.0 mL of nessler

reagent if EDTA is used or 1.0 mL of nessler reagent if Rochelle salt is used.

4.2.2 Distilled samples- Neutralize the boric acid used for absorbing ammonia
distillate by adding either 2 mL of nessler’s reagent, an excess that raises the pH to the
desired high level of alternatively, neutralizing the boric acid with sodium hydroxide

before adding 1 mL nessler’s reagent.
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4.2.3 Mix samples by capping tubes with clean rubber stoppers and then inverting the
tubes at least 6 times. Keep such conditions as temperature and reaction time the same
in blank, samples and standards. Let reaction proceed for at least 10 minutes after
adding nessler reagent. Measure colour in sample and standards. If ammoniacal
nitrogen is very low use a 30 minute contact time for sample, blank and standards.

Measure colour either by photometry or visually as given below.

4.2.4 Photometric measurement - Measure absorbance or transmittance with
spectrophotometer or filter photometer. Prepare calibration curve at the same
temperature and reaction time used for samples. Measure transmittance readings
against a reagent blank and run parallel checks frequently against standards in the
nitrogen range of the samples. Redetermine complete calibration curve for each new

batch of Nessler’s reagent.

4.2.5 For distilled samples prepare standard curve under the same condition as the
samples. Distill reagent blank and appropriate standards, each diluted to 500 mL in the
same manner as the samples. Dilute 300 mL of distillate plus 50mL of boric acid

absorbent to 500 mL with water and take a 50 mL portion for nesslerization.

4.2.6 Visual Comparison- Compare colors produced in sample against those of

ammonia standards. Prepare temporary or permanent standards as follows:

4.2.6.1 Temporary standards- Prepare a series of visual standards in Nessler tubes by
adding the following volumes of standard ammonium chloride solution and diluting to
50 mL with water: 0,0.2,0.4,0.7,1.0,1.4,1.7,2.0,2.5,3.0,3.5,4.0,4.5,5.0, and 6.0 mL.
Nesslerize standards and portions of distillate by adding 1.0 mL Nessler’s reagent to

each tube and mixing well.

4.2.6.2 Permanent standards- Measure into 50 mL Nessler tube, the volume of
potassium chloroplatinate and cobaltous chloride solutions indicated in Table 1 dilute
to mark and mix well. The values given in the table are approximate; actual equivalents
of the ammonium standards will differ with the quantity of Nessler’s reagent, the kind of

illumination used and the colour sensitivity of analyst eye. Therefore compare colour
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standards with nesslerized temporary ammonia standards and modify the tints as
necessary. Make such comparisons for each newly prepared Nessler reagent and satisfy
each analyst as to the aptness of the colour match. Protect standards from dust to
extend their usefulness for several months. Compare either 10 or 30 minutes after
nesslerization, depending upon reaction time used in preparing nesslerized ammonium

standards against which they were matched.

5. Calculation

5.1 Deduct the amount of ammoniacal nitrogen in water used for diluting original

sample before computing final nitrogen value.

5.2  Deduct also reagent blank for volume of borate buffer and 6 N sodium hydroxide

solutions used with sample.

5.3  Compute total ammoniacal nitrogen by the following equation:

Nitrogen ammoniacal mg/L (51 mL of final volume) = A x B

vV C

Where
A = pg of ammoniacal nitrogen (51 mL of final volume);
B = total volume of distillate collected, in mL, including acid absorbent;
C = volume distillate taken for nesslerization in mL, and

V = volume in mL of sample taken

Note- The ratio B/C applies only to distilled samples, and should be ignored in direct
nesslerization
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Table 1

PREPRATION OF PERMANENT COLOR STANDARDS FOR VISUAL DETERMINATION

OF AMMONIACAL NITROGEN
VALUE IN AMMONIACAL APPROXIMATE VOLUME OF | APPROXIMATE VOLUME OF
NITROGEN g PLATINUM SOLUTION, mL COBALT SOLUTION, mL
(in matched 50 mL nessler (in matched 50 mL nessler
tubes) tubes)
0 1.2 0.0
2 2.8 0.0
4 4.7 0.1
7 5.9 0.2
10 7.7 0.5
14 9.9 1.1
17 114 1.7
20 12.7 2.2
25 15.0 3.3
30 17.3 4.5
35 19.0 57
40 19.7 7.1
45 19.9 8.7
50 20.0 10.4
60 20.0 15.0
C. Phenate Method
1 Principle- An intensely blue compound, indophenols, is formed by the reaction

of ammonia, hypochlorite and phenol catalyzed by a manganous salt.
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2 Interference- alkalinity over 500 mg/L as calcium carbonate or acidity over
100mg/L as calcium carbonate or turbidity interfere. Remove these by preliminary

distillation.

3 Apparatus-

3.1 Spectrophotometer or filter photometer- for use at 630 nm. The photometer is
equipped with a red-orange filter. The light path of these photometers should be 1 cm
approximately.

3.2  Magnetic stirrer

4 Reagents

4.1 Ammonia- free- water- Prepare ammonia free water by passing distilled water
through an ion exchange column containing a strongly acidic cation exchange resin
mixed with a strongly basic anion exchange resin. Alternatively redistill distilled water
by adding 0.1 mL of concentrated sulphuric acid to 1 litre of water. It may also be made
by treating distilled water with sufficient bromine or chlorine water to produce a free
halogen residual of 2 to 5 mg/L. Redistill after standing at least for 1 hour. Discard the
first 100 mL distillate.

4.2  Hypochlorous acid reagent- To 40 mL of water, add 10 mL of 5 percent solution
of sodium hypochlorite prepared from commercial bleaching powder. Adjust pH to 6.5

to 7.0 with hydrochloric acid.

4.3  Manganese sulphate solution- 0.006 N. Dissolve 50 mg of manganous sulphate

monohydrate in 100 mL of water.

4.4 Phenate reagent- Dissolve 2.5gm of sodium hydroxide and 10 gm of phenol in

100 mL of water. Prepare weekly. Since phenol; is corrosive handle with care.
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4.5 Stock ammonium solution- dissolve 381.9 mg of anhydrous ammonium chloride

in water and dilute to 1000 mL (1.00 mL = 122 pg as NH3 or 100 pg as N)

4.6 Standard ammonia solution- Dilute 5.00 mL of stock solution to 1000 mL with

water (1.00 mL= 0.500 pg of nitrogen or 0.607 ug of ammonia)

5 Procedure

5.1 Treatment of sample- To a 10 mL of sample in a 50 mL beaker, add 1 drop of
manganous sulphate solution. Place on a magnetic stirrer and add 0.5 mL of
hypochlorous acid reagent. Inmediately add a drop at a time 0.6 mL of Phenate reagent.
Add reagent without delay using a bulb pipette or burette for convenient delivery. Mark
pipette for hypochlorous acid at the 0.5 mL level and deliver the Phenate reagent from a
pipette or burette that has been calibrated by counting the drops previously found to be
equivalent to 0.6 mL. Stir vigorously during addition of reagents. Because colour
intensity is affected by the age of reagents, carry a blank and standard a standard with
each batch of samples. Measure absorbance to zero in the spectrophotometer. Colour
formation is complete in 10 minutes and is stable for at least 24 hours. Although the
blue colour has a maximum absorbance at 630 nm, satisfactory measurements can be

made in 600 to 660 nm region.

5.2  Preparation of standards- Prepare a calibration curve in the ammoniacal

nitrogen range of 0.1 to 5 pg, treating standards exactly as the sample.

6 Calculation

6.1 Calculate ammonia concentration as follows:

Ammoniacal nitrogen, mg/L=AXB X D
CxS E

Where
A= absorbance of sample;

B= ammoniacal nitrogen in the standard, pg
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C= absorbance of standard

S=volume in mL of sample

D= volume in mL of total distillate collected including the acid absorbents,
neutralizing agents and ammonia free water added and

E = volume in mL of distillate used for colour development.

Note- The ratio D/E applies only to distilled samples.

D. Ammonia Selective Electrode Method

1. Principle - It uses a hydrophobic gas permeable membrane to separate the
sample solution from an electrode internal solution of ammonium chloride. Dissolved
ammonia is converted into NHz (aq) by raising pH to above 11 with a strong base. NH3
(aq) diffuses through the membrane and changes the internal solution pH that is sensed
by a pH electrode. The fixed level of chloride in the internal solution is sensed by a
chloride ion selective electrode that serves as the reference electrode. Potentiometric
measurements are made with a pH meter having an expanded millivolt scale or with a

specific ion meter.

2. Interference- Amines are a positive interference. Mercury & silver interfere by

complexing with ammonia.

3. Apparatus

31 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.

3.2  Ammonia- selective electrode

3.3  Magnetic stirrer

4 Reagents

4.1 Ammonia- free- water- Prepare ammonia free water by passing distilled water

through an ion exchange column containing a strongly acidic cation exchange resin

49



WATER ANALYSIS | 2016

mixed with a strongly basic anion exchange resin. Alternatively, redistill distilled water
by adding 0.1 mL of concentrated sulphuric acid to 1 liter of water. It may also be made
by treating distilled water with sufficient bromine or chlorine water to produce a free
halogen residual of 2 to 5 mg/L. Redistill after standing at least for 1 hour. Discard the
first 100 mL distillate.

4.2  Sodium Hydroxide solution- 10 N

4.3  Stock ammonium chloride solution- Dissolve 381.9 mg of anhydrous ammonium

chloride in water and dilute to 1000 mL (1.00 mL = 122 pg as NH3 or 100 pg as N)

4.4 Standard ammonium chloride solution- Dilute 5.00 mL of stock solution to 1000

mL with water (1.00 ml= 0.500 pg of nitrogen or 0.607 pg of ammonia)

5 Procedure

5.1 Preparation of standards- Prepare a series of standard solutions covering the
concentrations of 1000, 100, 10, 1 and 0.1 mg of nitrogen (ammoniacal) by making

decimal dilutions of stock ammoniacal chloride solution with water.

5.2  Electrometer calibration- Place 100 mL of each standard solution in a 150 mL
beaker immerse electrode in standards of lowest concentration and mix with a
magnetic stirrer. Do not stir so rapidly that air bubbles are sucked into the solution
because they will get trapped on the electrode membrane. Maintain the same stirring
rate and temperature of about 25°C throughout calibration and testing procedures. Add
sufficient volume of 10 N sodium hydroxide solution to raise pH above 11. Keep
electrode in solution until a stable millivolt reading is obtained. Do not add solution
hydroxide 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 for at least 5 minutes before recording millivolts for

standards and sample containing <1 mg of nitrogen (ammoniacal) per litre.
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5.3 Preservation of standard curve- Using semilogarithmic graph paper, plot
ammonia concentration in milligrams of nitrogen (ammoniacal) per litre on the log axis
vs potential in millivolts on the linear axis starting with the lowest concentration at the
bottom of the scale. If the electrode is functioning properly a tenfold change of

ammoniacal nitrogen concentration produces a potential change of 59 mV.

5.4 Calibration of specific ion meter- Following manufacturer’s instructions,

follow steps given in 5.1 and 5.2.

5.5 Measurement of samples- Dilute, if necessary to bring ammoniacal nitrogen to
within calibration curve range. Place 100 mL sample in 150mL beaker and follow
procedure given in 5.2. Record the volume of 10N of sodium hydroxide added in excess

of 1 mL. Read ammoniacal nitrogen concentration from standard curve.

6. Calculation

Ammoniacal nitrogen, mg/L= AxBx [101+C ]
1

Where
A= dilution factor;
B = concentration of ammoniacal nitrogen per litre, mg/L from calibration
curve; and

C =volume in mL of added 10 N sodium hydroxide in excess of 1 mL.

E. Flow Injection Analysis
1. General Discussion

1.1  Principle: A water sample containing ammonia or ammonium cation is injected
into an FIA carrier stream to which a complexing buffer, alkaline phenol, and
hypochlorite are added. This reaction, the Berthelot reaction, produces the blue

indophenol dye. The blue color is intensified by the addition of nitroferricyanide. The
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resulting peak's absorbance is measured at 630 nm. The peak area is proportional to the

concentration of ammonia in the original sample.

1.2  Interferences: Remove large or fibrous particulates by filtering sample through
glass wool. Guard against contamination from reagents, water, glassware, and the

sample preservation process. Some interferents are removed by distillation.

2 Apparatus

Flow injection analysis equipment consisting of:

2.1  FIAinjection valve with sample loop or equivalent.
2.2 Multichannel proportioning pump.

2.3  FIA manifold with tubing heater and flow cell. Tubing volumes may be scaled
down proportionally to the relative flow. Use manifold tubing of an inert material such

as TFE (Teflon or equivalent).
2.4  Absorbance detector, 630 nm, 10-nm bandpass.

2.5 Injection valve control and data acquisition system.

3 Reagents: Use reagent water (> 10 megohm) to prepare carrier and all
solutions. To prevent bubble formation, degas carrier and buffer with helium. Use Heat
140 kPa (20 psi) through a helium degassing tube. Bubble He through 1 L solution for 1

min. As an alternative to preparing reagents by weight/ weight, use weight/ volume.

3.1 Buffer: To a 1L tared container add 50.0 gm disodium ethylenediamine
tetraacetate and 5.5 gm sodium hydroxide, NaOH. Add 968 mL water. Mix with a

magnetic stirrer until dissolved.

3.2  Phenolate: CAUTION: Wear gloves. Phenol causes severe burns and is rapidly
absorbed into the body through the skin. To a tared 1-L container, add 888 gm water.
Add 94.2 gm 88% liquefied phenol or 83 gm crystalline phenol, CéHs0H. While stirring,
slowly add 32 gm NaOH. Cool and invert to mix thoroughly. Do not degas.

3.3  Hypochlorite: To a tared 500-mL container, add 250 gm 5.25% sodium

52



WATER ANALYSIS | 2016

hypochlorite, NaOCI bleach solution and 250 gm water. Stir or shake to mix.

3.4 Nitroprusside: To a tared 1 L container add 3.50 gm sodium nitroprusside

(sodium nitroferricyanide), Na2Fe(CN)sNO.2H20 and 1000gm water. Invert to mix.

3.5 Stock ammonia standard, 1000 mg N/L : In a 1 L volumetric flask dissolve 3.819
gm ammonium chloride, NH4CI, that has been dried for 2 h at 110°C, in about 800 mL

water. Dilute to mark and invert to mix.

3.6 Standard ammonia solutions: Prepare ammonia standards in desired

concentration range, using the stock standard 3.5 above), and diluting with water.

4 Procedure: Set up a manifold and follow method supplied by manufacturer or

laboratory standard operating procedure for this method

5 Calculations: Prepare standard curves by plotting the absorbance of standards
processed through the manifold versus ammonia concentration. The calibration curve is

linear.

6 Reference:

6.1. 1S: 3025 part 34 - 1988 (Reaffirmed 2003) - Methods of Sampling and Test
(Physical and chemical) for water and Waste Water: Nitrogen

6.2. APHA 4500-NH3

2.  ANIONIC SURFACE ACTIVE AGENTS

Introduction:

Surfactants are a large group of surface active substances with a great number of
(cleaning) applications. Most surfactants have degreasing or wash active abilities. They
reduce the surface tension of the water so it can wet the fibres and surfaces, they loosen
and encapsulate the dirt and in that way ensure that the soiling will not re-deposit on
the surfaces. Surfactants have a hydrophobic (water repellent) part and a hydrophilic

(‘water loving’) part. The hydrophobic part consists of an uncharged carbohydrate
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group that can be straight, branched, cyclic or aromatic. Most surfactants are more or
less toxic to aquatic organisms due to their surface activity which will react with the
biological membranes of the organisms. The biological degradability varies according to
the nature of the carbohydrate chain. Generally the linear chains are more readily
degradable than branched chains. Also the toxic effects vary with the chain structure.
Generally an increase of the chain length in the range of 10 to 16, leads to an increase in

toxicity to aquatic organisms.
Methylene blue Method

1. Principle: Methylene blue a cationic dye forms the salts with anionic surfactants
in an alkaline medium. These salts are extracted with chloroform. Any interference
present is eliminated by extraction of anionic surfactant-methylene blue complex from
alkaline solutions and shaking with acidic methylene blue solution. The absorbance of
the separated organic phase is measured at the maximum absorption wavelength of 650
nm. This method is applicable to limit of detection of about 0.05mg/L for solutions of

standard surfactants in distilled water.

2. Apparatus
2.1 pH-Meter-With suitable electrodes made of glass.

2.2 Spectrophotometer, capable of measurement at 650 nm, equipped with cells of

optical path length of 10 mm &50 mm

2.3 Gas stripping Apparatus- One liter capacity.
2.4 Seperatory Funnels 500 mL capacity.

3. Reagents

3.1  Sodium Chloride

3.2  Ethyl Acetate

3.3 Chloroform

3.4 Ethanol, 95%

3.5 Methanol (Freshly Dlistilled)
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3.6  Sulphuric Acid Solution- 0.5 ml/L

3.7  Ethanolic Sodium Hydroxide - 0.1 mol/L - Dissolve 4gm of sodium hydroxide
pellets in ethanol and dilute to I000 mL with the same ethanol.

3.8 Methylene Blue, Neutral Solution - Dissolve 0.350 gm of methylene blue in
water and dilute to 1000 mL. Prepare the solution at least 24 hr before use.

3.9 Methylene Blue, Acidic Solution-- Dissolve 0.350 gm of methylene blue in 500
mL of water and add 6.50 mL of sulphuric acid (Density -1.84 gm/mL). Dilute with water
to 1000 mL after mixing. Prepare solution at least 24 hr before use. The absorbance of
the chloroform phase of the blank test, measured against. 0.02/10 mm of optical path
length at 650 nm. In the case of higher blank absorbance, either wash the methylene
blue solution twice with chloroform or use other batches of Methylene Blue.

3.10 Buffer Solution, pH 10-- Dissolve 24 gm of sodium hydrogen carbonate
(NaHCO3) and 27 gm of anhydrous sodium carbonate (Na;CO3) in water and dilute to
1000 mL.

3.11 Phenolphthalein Indicator Solution-- Dissolve 1.0 gm of phenolphthalein in 50
mL of ethanol and add 50 mL of water, with stirring continuously. Filter off any
precipitates.

3.12 Dodecylbenzene Sulphonic Acid Methyl Ester (Tetra propylene
Type), stock standard solution—Weigh 400 mg to 450 mg of Dodecylbenzene
Sulphonic acid methyl ester to the nearest 0.1 mg, into a round-bottom flask, and add
50 mL of ethanol sodium hydroxide solution and some anti-bumping granules. Attach
the reflux condenser and boil for 1 hr. After cooling, rinse the condenser and the
ground-glass joint with about 30 ml of ethanol and add the rinsing to the contents of the
flask. Neutralize the solution with sulphuric acid against phenolphthalein until it
becomes colorless. Transfer the solution to a 1000 mL volumetric flask, dilute to the

mark with water and mix. This standard solution is stable for 6 months.

4. Procedure

4.1 Separation of the Surfactant -- Non-surfactant methylene blue active
substances can cause errors in the test of methylene blue index. Stripping is
recommended for concentrating small amount of surfactants from water samples.

Separate suspended matter by centrifugation, but note that adsorbed surfactants on
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suspended matter will not be determined. Place a measured quantity of the test
sample, up to 1000 mL in the gas-stripping apparatus. Install the stripping
apparatus in well ventilated hood to carry off ethyl acetate vapour. Separation is
improved by addition of sodium chloride. If sample volume exceeds 500 mL add
100 gm of sodium chloride dissolve by passing nitrogen gas or air through it. If a
smaller test sample volume is used, dissolve 100 gm of sodium chloride in 400 mL of
water and add this solution to test sample. If necessary, add water to bring the sample
surface up to the level of the upper stopcock. Add 100 mL ethyl acetate. Fill the wash
bottle in the gas line (nitrogen or air) two-third full with ethyl acetate. Pass a gas stream
of 20 L/h to 50 L/h through the gas stripping apparatus. Adjust the gas flow in such a
way that the phases remain separate and no turbulence is produced at the interface.
The significant mixing of the phases and consequent solution of ethyl acetate in the
water is avoided. Stop the gas flow after 5 min. If a loss of more than 20 percent (v/v) of
the organic phase has occurred due to solution in the water phase discard the test
sample. Run off the organic phase completely into a separating funnel. Return any water
in the separating funnel to the gas-stripping apparatus. Filter the ethyl acetate solution
through a dry qualitative gas-filter paper into a 250 mL flask. Add a further 100 mL of
ethyl acetate to the gas-stripping apparatus and again pass nitrogen or air through it for
5 min. separate the organic layer as described above, using the same separating funnel,
filter, and add it to the first portion. Rinse the filter paper and funnel with 25 mL of ethyl
acetate. Remove all the ethyl acetate solution on a water bath under a hood. To speed up
the process direct a gentle air stream over the surface of the solution. Dissolve the
residue in about 5 mL of methanol and 50 mL of water. Transfer the solution

quantitatively to a 100 mL volumetric flask and dilute to the mark with water.

4.2 Blank Test -- Carry out a blank test at 650 nm and subtract the interpolated
absorbance, Ao from the absorbance A1 of the test sample. Under the given conditions
the absorbance Ao of the blank test shall not exceed 0.02 per 10 nm optical path length

otherwise equipment and the reagents shall be checked carefully for any contamination.

4.3 Test with the sample
4.3.1 Transfer a measured volume of the test sample into a separating funnel.

This test portion should contain 20 pg to 200ug of MBAS (methylene blue active
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substances). In the lower MBAS range, a test portion up to 100 mL may be used. If
the volume of the test portion is less than 100 mL, dilute with water to 100 mL.
4.3.2 Add 5.0 mL of neutral methylene blue solution, 10 mL of buffer solution and
15 mL chloroform.

4.3.3 Shake evenly and gently about twice a second for 1 min, preferably in a
horizontal plane.

4.3.4 Allow the layers to separate as completely as possible and swirl the funnel
to dislodge droplets from the sides of the funnel.

4.3.5 Allow to settle for 2 min, and then run as much as possible of the
chloroform layer into a second separating funnel, containing 110 mL of water and
5.0 mL of acidic methylene blue solution.

4.3.6 Shake uniformly but not too vigorously for 1 min as previously described.
4.3.7 Filter the chloroform layer through a cotton or glass wool filter wetted with
chloroform into a 50 mL volumetric flask.

4.3.8 Repeat the extraction of the alkaline and acidic solution using a 10 mL
portion of chloroform for the extraction.

4.3.9 Separate the chloroform layer and filter it through the same filter, into the
volumetric flask.

4.3.10 Repeat the extraction using a further 10 mL of portion of chloroform and
filter that into a 50 mL of volumetric flask.

4.3.11 Dilute to the mark with chloroform and mix.

4.3.12 For each test sample carry out the complete extraction for a blank
determination with 100 mL water.

4.3.13 Measure the absorbance for the test sample as well as for the blank test at
650 nm in cells of optical path length 10 mm to 50mm against chloroform. The

absorbance of the test sample should not be more than that of the blank.

5 Reference:

5.1 IS: 13428 - 2005 (Reaffirmed- 2009) Packaged Natural Mineral water-

Specifications. Annex: K (Method of test for Anionic Surface Active Agents)
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3. BORON

Introduction:

Boron is an essential element for plant growth. However, in excess of 2mg/L in
irrigation water, it is deleterious to certain plants and some plants may be affected
adversely by concentrations as low as 1mg/L (or even less in commercial green-
houses). Drinking water rarely contain more than 1.0mg/L and generally less than
0.1mg/L concentrations considered innocuous for human consumption. Boron may
occur naturally in some water or may find its way into a watercourse through cleaning
compounds and industrial effluents. Seawater contains approximately 5mg/L Boron.
The ingestion of large amounts of boron can affect the central nervous system.

Protracted may result in a clinical syndrome known as “Borism”.

Methods for determination of Boron in water are prescribed:-
A. Azomethine Method

B. Curcumin Method

C. Carmine Method

A. Azomethine Method

1. Principle

Reaction of azomethine-H, which is the condensation product of H-acid (8-amino-
naphth-1-ol-3.6-disulfonic acid) and salicylaldehyde, with dissolved forms of borate at a
pH of about 6, leads to the formation of a yellow complex that is measured
spectrometrically at the absorption maximum in the range of 410 nm to 420 nm.

2. Reagents

2.1. Azomethine-H, Solution

Dissolve 1.0 gm of azomethine-H sodium salt [8-N-2-hydroxybenzylidene)-amino-

naphth-l-01-3.6 disulfonic acid] (Ci7Hi2NNaO3Sz) and 3.0 gm of *# L ascorbic acid
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(CeHg06) in water and dilute to 100 mL in a volumetric flask. The solution is stable for

up to one week when stored in a polyethylene bottle at a temperature of between 4-6°C.

2.2. Buffer Solution (pH 5.9)

Mix 250 gm of ammonium acetate (CH3COONH4) 250 mL of water, 80 mL of sulphuric
acid (H2SO4) (sp.gr-1.21 g/mL), 5 mL of phosphoric acid (H2P04) (sp.gr -1.71 g/mL),
1.0gm of citric acid (CéHsO7H20) and add 1.0gm of disodiumethylenediamine-tetracetic
acid dehydrate (C10H14N2Na20gH20) with stirring and gentle heating.

2.3. Reagent Solution
Mix equal volumes of reagents prepared in 2.1 and 2.2. Prepare this solution on the day

of use and store in a Polyethylene bottle.

2.4. Borate, stock solution corresponding to 1.0 of B per liter.

Dissolve 5.719 gm of boric acid (H3BO3) in 1000 mL of water. Store it in a polyethylene
bottle. 1 mL of this stock solution contains 1.0 mg of borate, expressed as B.

2.5. Boron, standard solution-I corresponding to 10.0 mg of B per liter.

Dilute 10 mL of borate stock solution (see 2.4) to 1000 mL with water. 1 mL of this
standard solution contains 10.0 pug of borate, expressed as B.

2.6. Boron, standard solution-II corresponding to 1.0 mg of B per liter.

Dilute 10 mL of borate solution (see 2.5) to 100 mL with water. 1mL of this standard
solution contains 1.0 pg of borate, expressed as B.

2.7. Calcium hydroxide [Ca (OH)z]

3. Apparatus

3.1. Ordinary laboratory apparatus made of polypropylene, polyethylene or

polytetrafluoroethylene, where applicable.
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3.2. Spectrometer, for use in the wavelength range of 410 nm to 420 nm, with cells of

an optical path length between 10 mm and 50 mm.

4. Procedure

4.1. Determination

Transfer 25.0 mL of the sample, or a smaller amount of the sample diluted to 25mL with
distilled water, into a 100 mL polyethylene flask. Add 10mL of Azomethine-H. Mix and
allow to stand in the dark for 2 hr at 20 + 1°C, then measure the absorbance at the
absorption maximum in the range of 410 nm to 420 nm against distilled water in a cell
of optical path length 10mm, using the spectrometer set up according to the
manufacturer's instructions and after setting the zero with distilled water in the cell.
Alternatively use a cell of 50 mm optical path length for low boron concentrations of up
to about 0.2 mg of boron per litre. Check the wavelength of the absorption maximum

whenever a new batch of this reagent is used.

4.2. Blank Test

4.2.1. Carry out a blank test by treating 25 mL of water as described in 4.1. Ensure that
the blank value is in the range of 0.1 absorption units to 0.17 absorption units per 10
mm. If the absorption is higher, then check the reagents and the distilled water for their

borate content.

4.2.2. Measure it into three separate borate-free beakers (preferably
polytetrafluorethylene), 25 mL, 100 mL and 250mL aliquots of the distilled water. Make
slightly alkaline by the addition of the same small (for example 200 mg) amount of
calcium hydroxide to each. Evaporate the 100 mL and 250 mL aliquots to a volume of
just less than 25 mL and adjust their volumes to precisely 25 mL by the addition of a
little extra distilled water, as necessary. Carry out the procedure given in 4.1 on these

aliquots.

4.2.3. Carry out a blank determination with each of the aliquots. If borate is present in

the distilled water, the borate found increases in proportion to the volume of the aliquot
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taken. Erratic results indicate external borate contamination. Relatively high but

constant results indicate impure reagents.

4.3. Prevention of Contamination: As borate is widespread in the environment,
significant contamination may occur during trace determinations. The following sources

of contamination, and remedies, should be considered.

4.3.1. Borosilicate glassware should be avoided to the extent possible as it may leads to
positive contamination. Borosilicate glass, well rinsed in hydrochloric acid, may be used
for acidic solutions, but should never be used for neutral or alkaline solutions, or for
prolonged storage at any pH value. (Borosilicate glassware previously used with
alkaline solutions shall not be used without very thorough acid rinsing.) Polyethylene
flasks and plastics pipettes are preferable.

4.3.2. Detergents and soaps used for glassware and lab coats should be borate free, and
the use of towels and tissues, for drying shall be avoided.

4.3.3. Toiletries, talcum powder and cosmetics used by technicians often contain
borate and should be avoided or removed, especially prior to undertaking accurate low-
level determinations.

4.3.4. Water and reagents may contain borate and blanks should be carried out at least

in duplicate and should agree.

4.4. Calibration

4.4.1. Zeromg/L to 0.20 mg/L of Boron Calibration Graph

To a series of six 25 mL one mark plastics flasks add respectively 0 mL, 1 mL, 2 mL, 3
mL, 4 mL and 5 mL of boron standard solution-II (see 2.6), dilute to the mark with
distilled water and mix. This gives concentrations of 0 mg; 0.04 mg; 0.08 mg; 0.12 mg;
0.16 mg and 0.20 mg of boron per liter respectively. Analyze each standard solution as
described in 4.1, measuring the absorbance values in a 50 mm optical path length cell
compared against distilled water. Prepare a calibration graph by plotting the
absorbance values against the known concentrations in milligrams of boron per liter for

each standard.
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4.4.2. Zeromg/L to 1.00 mg/L of Boron Calibration Graph

Repeat the above calibration, using 0 mL, 5 mL, 10mL, 15 mL, 20 mL and 25 mL of boron
standard solution-II (see 2.6) respectively to give concentrations of Omg; 0.2mg; 0.4mg;
0.6mg; 0.8mg and 1.0mg of boron per liter respectively. Analyze each standard Solution
as described in 4.1, but this time measuring the absorbance values using a 10mm optical

path length cell compared against distilled water. Prepare a separate Calibration graph.

4.4.3. Calculation of Factor f
It is essential that a linear calibration graph be achieved in both cases; if not then check
the solutions and repeat the calibration. Calculate the reciprocal value for the slope

&factor f, for each graph.

5. Calculations: Calculate the borate content, in milligrams of boron per liter, from

the formula

(A1—- AO) fV 1 max

B V1
Where
A1 = absorbance of the sample
Ao= absorbance of the blank
V1 = volume, in milliliters, of the sample
ViMmax = maximum volume, in milliliters, of the sample
f= calibration factor, determined from the appropriate calibration curve (reciprocal

value of the slope, in milligrams of boron per liter).
B. Curcumin Method

1. Principle: 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 a suitable solvent and the red color is compared with standards

visually or photometrically.

2. Interference: N03-N concentrations above 20 mg/L interfere. Significantly high
results are possible when the total of calcium and magnesium hardness exceeds 100

mg/L as calcium carbonate (CaC03). Moderate hardness levels also can cause a
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considerable percentage error in the low boron range. This interference springs from
the insolubility of the hardness salts in 95% ethanol and consequent turbidity in the
final solution. Filter the solution or pass the original sample through a column of
strongly acidic cation-exchange resin in the hydrogen form to remove interfering
cations. The latter procedure permits application of the method to samples of high

hardness or solids content. Phosphate does not interfere.
3. Minimum Detectable Quantity: 0.2 pg/L

4. Apparatus

4.1 Colorimetric equipment: One of the following is required:

4.2 Spectrophotometer, for use at 540 nm, with a minimum light path of 1 cm.

4.3 Filter photometer, equipped with a green filter having a maximum transmittance

near 540 nm, with a minimum light path of 1 cm.

4.4 Evaporating dishes, 100 to 150mL capacity, of high-silica glass, platinum, or other

suitable material.

4.5 Water bath, set at 55+ 2°C.

4.6 Glass-stoppered volumetric flasks, 25 and 50 mL capacity.

4.7 lon-exchange column, 50 cm long by 1.3 cm in diameter.

5. Reagents: Store all reagents in polyethylene or boron-free containers.

5.1 Stock boron solution: Dissolve 571.6 mg anhydrous boric acid, H3BO03, in distilled
water and dilute to 1000 mL; 1.00 mL = 100pg Boron. Because H3B03 loses weight on
drying at 105°C, use a reagent meeting ACS specifications and keep the bottle tightly

stoppered to prevent entrance of atmospheric moisture.

5.2 Standard boron solution: Dilute 10.00 ml stock boron solution to 1000 mL with
distilled water; 1.00 mL = 1.00 pg Boron.

5.3 Curcumin reagent: Dissolve 40 mg finely ground Curcumin and: 5.0 gm oxalic acid
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in 80 mL 95% ethyl alcohol. Add 4.2 mL conc. HCl, make up to 100 mL with ethyl alcohol
in a 100 mL volumetric flask, and filter if reagent is turbid (isopropyl alcohol, 95% may
be used in place of ethyl alcohol). This reagent is stable for several days if stored in a

refrigerator.

5.4 Ethyl or isopropyl alcohol 95%

5.5 Reagent for removal of high hardness and cation interference:

5.5.1 Strongly acidic cation- exchange resin

5.5.2 Hydrochloric acid, HCI 1+5

6 Procedure

6.1 Precautions: Closely control such variables as volumes and concentrations of
reagents, as well as time and temperature of drying. Use evaporating dishes identical in
shape, size, and composition to insure equal evaporation time because increasing the

time increases intensity of the resulting color.

6.2  Preparation of calibration curve: Pipet 0 (blank), 0.25, 0.50, 0.75, and 1.00 ug
boron into evaporating dishes of the same type, shape, and size. Add distilled water to
each standard to bring total volume to 1.0 mL. Add 4.0 mL curcumin reagent to each and
swirl gently to mix contents thoroughly. Float dishes on a water bath set at 55 + 2°C and
let them remain for 80 min, which is usually sufficient for complete drying and removal
of HCI. Keep drying time constant for standards and samples. After dishes cool to room
temperature, add 10 mL 95% ethyl alcohol to each dish and stir gently with a

polyethylene rod to insure complete dissolution of the red-colored product.

Wash contents of dish into a 25mL volumetric flask, using 95% ethyl alcohol. Make up
to mark with 95% ethyl alcohol and mix thoroughly by inverting. Read absorbance of
standards and samples at a wavelength of 540 nm after setting reagent blank at zero
absorbance. The calibration curve is linear from 0 to 1.00 pg boron. Make photometric

readings within 1 h of drying samples.
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6.3 Sample treatment: For waters containing 0.10 to 1.00 mg B/L, use 1.00mL
sample. For waters containing more than 1.00 mg B/L, make an appropriate dilution
with boron-free distilled water, so that a 1.00 mL portion contains approximately 0.50

pg boron.

Pipet 1.00 mL sample or dilution into an evaporating dish. Unless the calibration curve
is being determined at the same time, prepare a blank and a standard containing 0.50
pgboron and run in conjunction with the sample. Proceed as in 4.2above, beginning
with Add 4.0 mL Curcumin reagent. If the final solution is turbid, filter through
filter paper before reading absorbance. Calculate boron content from calibration

curve.

6.4 Visual comparison: The photometric method may be adapted to visual
estimation of low boron concentrations, from 50 to 200 pg/L, as follows: Dilute the
standard boron solution 1 + 3 with distilled water; 1 mL = 0.20ug Boron. Pipette 0, 0.05,
0.10, 0.15, and 0.20 pg B into evaporating dish indicated in 6.3 above. At the same time
add an appropriate volume of sample (1.00 mL or portion diluted to 1.00 mL) to an
identical evaporating dish. The total boron should be between 0.05 and 0.20pug. Proceed
as in 4.2 above, beginning with "Add 4.0 mL curcumin reagent. ... “Compare color of

samples with standards within 1 hr of drying samples.

6.5 Removal of high hardness and cation interference: Prepare an ion-exchange
column of approximately 20 cm X 1.3 cm diameter. Charge column with a strongly acidic
cation-exchange resin. Backwash column with distilled water to remove entrained air
bubbles. Keep the resin covered with liquid at all times. Pass 50 mL I + 5 HCI through
column at a rate of 0.2 mL acid/mL resin in column/min and wash column free of acid

with distilled water.

Pipet 25 mL sample, or a smaller sample of known high boron content diluted to 25mL,
onto the resin column. Adjust rate flow to about 2 drops/s and collect effluent in a 50mL
volumetric flask. Wash column with small portions of distilled water until flask is filled
to mark. Mix and transfer 2.00 mL in evaporating dish. Add 4.0 mL Curcumin reagent

and complete the analysis as described above.
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7 Calculation:

Use the following equation to calculate boron concentration from absorbance readings:

MgB/L= A2 x C
Alx S

Where:

A1 = absorbance of standard,
A2 = absorbance of sample,
C = pg B in standard taken, and

S =mL sample.

C. Carmine Method

1. Principle: In the presence of boron, a solution of carmine or carminic acid in
concentrated sulfuric acid changes from a bright red or bluish red, depending on the

concentration of boron present.

2. Interference: The ions commonly found in water and waste water do not

interfere.

3. Minimum detectable quantity:2 pg/L.

4. Apparatus:

4.1  Colorimetric equipment: One of the following is required:

4.2  Spectrophotometer, for use at 585 nm, with a minimum light path of 1 cm.

4.3  Filter photometer, equipped with an orange filter having a maximum

transmittance near 585 nm, with a minimum light path of 1 cm.

5 Reagents: Store all reagents in polyethylene or boron-free containers.

5.1 Standard boron solution: Prepare as directed in 4500-B B.3.2
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5.2 Hydrochloric acid, HCI, conc. and 1 + 11

5.3  Sulfuric acid, H2S04, conc.

5.4 Carmine reagent: Dissolve 920 mg carmine N.F. 40, or carmine acid, in 1 L conc.
H2S04, (If unable to zero spectrophotometer, dilute carmine 1+1 -with conc. H2S04 to

replace above reagent)

6 Procedure

6.1 Low-level sample concentration: If sample contains less than 1mg Boron/L,
pipet a portion containing 2 to 20 pgB into platinum dish, make alkaline with 1N NaOH
plus a slight excess, and evaporate to dryness on a steam or hot water bath. If necessary
destroy any organic material by ignition at 500 to 550°C. Acidify cooled residue (ignited
or not) with 2.5 mL 1 + 11 HCI and triturate with a rubber policeman to dissolve. Cen-
trifuge if necessary to obtain a clear solution. Pipet 2.00mL clear concentrate into a

small flask or 30mL test tube. Treat reagent blank identically.

6.2 Color development: Prepare a series of boron standard solutions (100, 250,
500, 750, and 1000 pg) in 100 mL with distilled water. Pipet 2.00 mL of each standard
solution into a small flask or 30 mL test tube. Treat blank and calibration standards
exactly as the sample. Add 2 drops (0.1 mL) conc. HCI, carefully introduce 10.0 mL conc.
H2S04, mix, and let cool to room temperature. Add 10.0 mL carmine reagent, mix well,
and after 45 to 60 min measure absorbance at 585 nm in a cell of 1cm or longer light

path, using the blank as reference.

To avoid error, make sure that no bubbles are present in the optical cell while
photometric readings are being made. Bubbles may appear as a result of incomplete

mixing of reagents. Because carmine reagent deteriorates, check calibration curve daily.

7. Calculation

mg Boron/L=ugBXD

mL sample

67



WATER ANALYSIS | 2016

Where: D = dilution correction.

8. Reference:

8.1 IS: 13428 - 2005 (Reaffirmed- 2009) Packaged Natural Mineral water-
Specifications. Annex: H (Determination of Borate).

8.2 APHA4500-B

4. NITRATE

Introduction:

Determination of nitrate (NO3) is difficult because of the relatively complex procedures
required, the high probability that interfering constituents will be present and the
limited concentration ranges of the various techniques. Nitrate is the most highly
oxidized form of nitrogen compounds commonly present in natural waters. Significant
sources of nitrate are chemical fertilizers, decayed vegetable and animal matter,
domestic effluents sewage sludge disposal to land, industrial discharge, leachates from
refuse dumps and atmospheric washout. Depending on the situation, these sources can
contaminate streams, rivers, lakes and ground water. Unpolluted natural water contains
minute amounts of nitrate. Excessive concentration in drinking water is considered
hazardous for infants because of its nutrient taken up by plants and converted into cell
protein. The growth stimulation of plants, especially of algae may cause objectionable

eutrophication.

Methods for determination of Ammoniacal Nitrogen in water are prescribed:-

A. Cadmium Reduction Method

B. Chromotropic Acid Method
C. Devarda’s Alloy Reduction Method
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A. Cadmium Reduction Method

1. Scope: Prescribes cadmium reduction method for determination of Nitrate. This

method is suitable for concentration below 0.1 mg per liter of nitrate nitrogen.

2. Principle: Nitrate is reduced to nitrite in presence of cadmium. The nitrite
produced is determined by diazotizing with sulphanilamide and coupling with N-
(Inaphthyl) ethylenediamine to from a highly colored azo dye which is measured

colorimetrically.

3. Interference: Higher concentrations of copper, iron etc lower the reduction
efficiency. Add EDTA to remove this interference. Oil and grease & residual chlorine can
interfere. Remove oil and grease by extraction with organic solvents and residual

chlorine by adding sodium thiosulphate.
4, Apparatus

4.1. Reduction column - commercially available one or construct the column from a
100 mL volumetric pipette by removing the top portion. The column can also be
constructed by two pieces of tubing joined end to end (join a 10 cm length of 3 cm
internal diameter tubing to a 25 cm length of 3.5 cm Internal diameter tubing). A liquid

leveling device is useful.
4.2. Colorimeter- One of the following
4.2.1. Spectrophotometer- for use near 543 nm with a light path of 1 cm or longer.

4.2.2. Filter photometer - provided with a yellow green filter having maximum

transmittance near 540 nm and a light path of 1 cm or longer.
5. Reagents

5.1. Nitrate free water- the absorbance of a reagent blank prepared with this water

should not exceed 0.01. Use for all solutions and dilution.

5.2. Copper cadmium granules - Wash 25 gm of 40-60 mesh cadmium granules
with 6N hydrochloric acid and rinse with water. Swirl cadmium with 100 mL of 2

percent copper sulphate solution for 5 minutes or until blue color partially fades.
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Decant, repeat with fresh copper sulphate until a brown colloidal precipitate develops.
Wash copper cadmium copiously with water (at least 10 times) to remove all

precipitated copper.

5.3. Sulphanilamide reagent - Dissolve 5 gm of sulphanilamide in a mixture of 50
mL concentrated hydrochloric acid and 300 mL of water. Dilute to 500 mL with water.

The reagent is stable for months.

5.4. N-(1-naphthyl)-ethylenediamine dihydrochloride (NED dihydrochloride)
solution- Dissolve 500 mg of NED dihydrochloride in 500mL of water. Store in dark

colored bottle .Replace as soon as brown color develops.

5.5. Ammonium chloride - EDTA solution- Dissolve 13 gm ammonium chloride 1.7
gm of disodium ethylenediamine tetracetate in 900 mL of water. Adjust pH to 8.5 with

liquid ammonia and dilute to 1 liter.

5.6. Dilute 300 mL of the above solution to 500 mL with water to get a dilute solution.
5.7. Hydrochloricacid 6 N

5.8. Copper suphate solution- 2 percent (m/v).

5.9. Stock nitrate solution - Dissolve 0.7218 gm of dry potassium nitrate in water
and dilute to 1000 mL. Preserve with 2 mL of chloroform per liter (1 mL = 100pg of

nitrate nitrogen).

5.10. Dilute 50 mL of stock nitrate solution to 500 mL with water to get standard

solution. 1.0 mL equal to 10.0 pg nitrate nitrogen.

5.11. Stock nitrite solution- Dissolve 0.6072 of dried potassium nitrite in nitrate free
water and make up to 1000 mL. (1 mL = 100pg of nitrite nitrogen).Preserve with 2 mL

of chloroform and keep in a refrigerator. The solution is stable for 3months.

5.12. Dilute 50.0 mL of above stock nitrite solution to 500 mL with nitrite free water

(1 mL = 10ug of nitrite nitrogen).
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6. Procedure

6.1. Preparation of reduction column - insert a glass wool plug into the bottom of
the reduction column and fill with water. Add sufficient copper cadmium granules to
produce a column 18.5 cm long. Maintain water level above Cu-Cd granules to prevent
entrapment of air. Wash column with 200 mL dilute ammonium chloride EDTA solution.
Activate column by passing, 100 mL of a solution comprising of 25 mL of 1.0 mg
nitrogen (nitrate) per liter standard and 75 mL of ammonium chloride EDTA solution,

through it, at 7 to 10 mL/ minute.

6.2. Treatment of sample - If turbidity or suspended solids are present, remove by
filtering through a 0.45 pum pore diameter membrane or glass fiber filter. Adjust pH to
between 7 & 9 as necessary. To 25.0 mL sample or a portion diluted to 25.0 mL add 75
mL of ammonium chloride- EDTA solution and mix. Pour mixed sample into column and
collect at the rate of 7 to 10 mL/minute. Discard first 25 mL. Collect the rest in original
sample flask. There is no need to wash the column between samples but if columns are
not to be reused for several hours or longer, pour 50 mL dilute ammonium chloride -
EDTA solution on to the top and let it pass through the system. Store Cu-Cd column in

this solution and never allow it to dry.

6.3. As soon as possible and not more than 15 min after reduction add 2.0 mL
sulphanilamide reagent to 50 mL of sample. Let the reagent react for 2 to 8 min. add 2
mL of NED dihydrochloric acid solution and mix immediately. Measure absorbance
between 10 min to 2 hr at 540 nm against a distilled water reagent blank. Using the
standard nitrate nitrogen solution prepare standards in the range of 0.05 to 1.0 mg of
nitrate nitrogen per liter by diluting the following volumes of standards to 100 mL in
volumetric flasks: 0.5, 1.0, 2.0, 5.0 and 10.0 mL. Carry out reduction of standards exactly
as described for samples. Compare at least one nitrite standard to a reduced nitrate
standard at the same concentration to verify reduction column efficiency. Reactivate

copper cadmium granules when reduction efficiency falls below 75 percent.

7. Calculation: Obtain a standard curve by plotting absorbance at standards
against nitrate nitrogen concentration, compute sample concentration directly from

standard curve report as milligrams of oxidized nitrogen per liter(sum of nitrate
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nitrogen plus nitrite nitrogen) unless the concentration of nitrite nitrogen is separately

determined and corrected for.

B. Chromotropic Acid Method

1. Principle- Two moles of nitrate nitrogen react with one mole of chromotropic

acid to form a yellow reaction product having maximum absorbance at 410 nm

2. Interferences- Residual chlorine, certain oxidants and nitrites yield yellow
colour with chromotropic acid. Addition of sulphite removes interference from residual
chlorine and oxidants. Urea coverts nitrites to nitrogen gas. The minimum detectable

quantity is 50 pg of nitrate nitrogen per litre.

3. Apparatus
3.1  Spectrophotometer- for use of 410 nm and with a light path of 1 cm or longer.
3.2  Photometer- having maximum transmittance at 410 nm and having a light path

of 1 cm or longer and equipped with violet filter.

4 Reagents

4.1 Nitrate free water- The absorbance of a reagent blank prepared with this water
should not exceed 0.01.Use for all solution and dilution.

4.2  Stock nitrate solution - Dissolve 0.7218 gm of dry potassium nitrate in water an
dilute to 1000 mL preserve with 2 mL of chloroform per liter (1 mL = 100pg of nitrate
nitrogen).

4.3  Standard nitrate solution- Dilute 50 mL of stock nitrate solution to 500 mL with
water to get standard solution 100 mL equal to 10.0 pg nitrate nitrogen.

4.4  Sulphite urea reagent- Dissolve 5 gm of urea and 4 gm of anhydrous sodium
sulphite in water and dilute to 1000 mL.

4.5 Antimony reagent- Dissolve 500 mg antimony metal by heating in 80 mL
concentrated sulphuric acid. Cool and cautiously add to 20 mL of iced water. If crystals

from upon standing overnight redissolve by heating
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4.6 Chromotropic acid reagent- Dissolve 100 mg of purified chromotropic acid
crystals in 100 mL of concentrated sulphuric acid and store in a brown bottle. Prepare
every 2 week. A colorless reagent solution signifies the absence of nitrate contamination
from sulphuric acid.

4.7  Sulphuric acid- concentrate nitrate free.

5 Procedure

Prepare nitrate standards in the range of 0.10 to 5.0 mg/L by diluting 0, 1.0, 5.0 10, 25,
25, 40 and 50 mL of standard nitrate solution to 100 mL with water. If appreciable
amount of suspended matter is present, filter suitably. Pipette 2.0 mL portions of the
standard nitrate solutions samples and a water blank into dry 10 mL volumetric flasks.
To each flask, add 1 drop of sulphite urea reagent. Place flask in tray of cold water (10 to
20°C) and add 2 mL of antimony reagent. Swirl flasks during addition of each reagent.
After about 4 minutes in the bath, add 1 mL of chromotropic acid reagent, swirl and let
stand in cooling bath for 3 minutes. Add concentrated sulphuric acid to bring volume
near the 10 mL mark. Stopper the flasks and mix by inverting each flask four times. Let
it stand for 45 minutes at room temperature and adjust volume to 10 mL with
concentrated sulphuric acid. Perform final mixing very carefully and gently to avoid
introducing gas bubbles. Read absorbance at 410 nm between 15 minutes and 24 hours
after last volume adjustment. Use nitrate free water in the reference cell of the

spectrophotometer.

6 Calculation

Nitrate nitrogen (as NO3), mg/L= ug of nitrate nitrogen in 10 mL final volume

Volume in ml of sample taken for test

C. Devarda’s Alloy Reduction Method

1 Principle- The nitrate and nitrite is reduced to ammonia under hot alkaline

conditions in the presence of the reducing agent (Devarda’s Alloy). The ammonia
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formed distils and is trapped in a receiving flask containing boric acid. The ammonia can
be determined either by direct nesslerization or acidimetrically. This method is

recommended for nitrate nitrogen and nitrite nitrogen.

2 Interference- Ammonia is to be removed from sample by preliminary
distillation. Nitrite also gets reduced to ammonia by this method. Therefore, a separate
determination is made for nitrite and subtracts the result. This method is not

recommended for levels of nitrate nitrogen below 2 mg/L.

3 Apparatus

3.1 Distillation assembly- Kjeldahl assembly is suitable

3.2  Measuring scoop- to contain 1 gm of Devarda’s alloy

3.3 Spectrophotometer or photometer- suitable for use at 400-425 nm. The
photometer should be equipped with a blue filter.

4 Reagents

4.1 Ammonia free water

4.2  Borate buffer solution - add 88 mL of 0.1 N sodium hydroxide to 500 mL of 0.025
M sodium tetra borate (50 gm NazB107 or 9.5 gm Na;B107.H20) and make up to 1litre
4.3  Sodium hydroxide- 6 N

4.4  Devarda’s alloy (An alloy of 50 percent Cu, 45 percent Al and 5 percent Zn)- 20
mesh or smaller containing less than 0.005 percent nitrogen

4.5 Reagents for acidimetric titration

4.5.1 Mixed indicator solution - Dissolve 200 mg of methyl red indicator in 100 mL
95%ethyl or isopropyl alcohol. Dissolve 100 mg of methylene blue in 50 mL of 95 %
ethyl or isopropyl alcohol. Combine these two. Prepare monthly
4.5.2 Indicating boric acid solution - dissolve 20 gm hydroboric acid in ammonia free
water, add 10 mL of mixed indicator solution and dilute to 1 liter

4.5.3 Standard sulphuric acid titrant - 0.02 N (1mL=280 pg of nitrogen)
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4.6 Reagents for colorimetric estimation

4.6.1 Nessler’s reagent- Dissolve 100 gm of mercuric iodide and 70 gm of potassium
iodide in a small quantity of water and add this mixture slowly with stirring to a cool
solution of 160 gm of sodium hydroxide dissolved in 500 mL of water. Dilute to 1 liter.
Store in brown rubber stopper glass bottle. Reagent is stable up to one year. It is toxic
and so avoid ingestion.

4.6.2 Stock ammonia solution- Dissolve 3.819 gm of anhydrous ammonium chloride in
water and dilute to 1 liter (1.00 mL = 1.00 mg of nitrogen = 1.22 mg of ammonia).

4.6.3 Standard ammonia solution- Dilute 10.00 mL of stock solution to 1000 mL with

water (1.00 mL = 12.2 pg of ammonia = 10.0 pg of N).

5 Procedure

If ammonia has not been determined by a method involving preliminary distillation
dilute a portion of the sample to 500 mL with ammonia free water. Add 25 mL of borate
buffer and adjust to pH 9. 5 with 6 N sodium hydroxide using a pH meter or short range
pH paper. Distil 250 to 300 mL into a dry receiving flask and discard. Make sure that the
last part of the distillation is conducted with condenser tip out of the liquid in receiving
flask. To the residue after removing ammonia, add 1 gm of Devarda’s alloy and sufficient
ammonia- free distilled water to bring total volume to 350 mL. Place in a receiving flask
of 50 mL boric acid absorbent for each milligram of nitrate nitrogen in sample. Immerse
the end of condenser in the absorbent. Heat distillation flask until boiling or vigorous
bubbling occurs. Reduce heat and distil at the rate of 5 to 10 mL/min until at least 150
mlL distillate have been collected. Lower receiver so that liquid is below the end of the
condenser and continue distillation for 1 to 2 minutes to cleanse condenser. Determine
ammoniacal nitrogen either by nesslerization or titration with standard strong acid as

given in Nesslerization or Titrimetric Method.

6 Calculation

6.1 Nesslerization Method

Ammoniacal Nitrogen (NH3 - N), mg/L= AXB

VXC
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Where
A = png of ammoniacal nitrogen (51 mL of final volume);
B = total volume of distillate collected, in mL, including acid absorbent;
C = volume distillate taken for nesslerization in mL, and

V = volume in mL of sample taken for test.

6.2 Titrimetric Method

Ammoniacal nitrogen (NHs - N), mg/L = (A- B) X 280
\Y%
Where
A =volume in mL of sulphuric acid titrated for sample
B = volume in mL of sulphuric acid titrated for blank, and
V = volume in mL of sample taken for test.
The above two represent the ammonia produced from reduction of
nitrate and nitrite. To get nitrate nitrogen determine nitrite separately

and subtract.

7. Reference:

7.1. IS 3025 (part 34) 1998: (Reaffirmed 2003) - Methods of Sampling and Test

(Physical and chemical) for water and Waste Water: Nitrogen.

7.2. APHA 4500 NO3

5. CHLORIDE

Introduction:

The presence of chloride in natural waters can be attributed to dissolution of salt
deposits, discharges of effluents from chemical industries, oil well operations and
seawater intrusion in coastal areas. Each of these sources may result in local
contamination of both surface water and groundwater. The salty taste produces by
chloride depends on the chemical compositions of the water. A concentration of 250

mg/L may be detected in some waters containing sodium ions. On the other hand, the
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typical salty taste may be absent in water containing 1000mg/L chloride when calcium
and magnesium ions are predominant. High chloride content may harm pipes and

structures as well as agricultural plants.
Methods for determination of chloride in water are prescribed:-
Argentometric method

Potentiometric Method

Automated Ferricyanide Method

oo w e

Mercuric Thiocyanate Flow Injection Analysis

A. Argentometric method

1. Scope: This method prescribes the determination of chloride. This method is
suitable for use in relatively clear waters when 0.15 to 10mg of chloride is present in

the portion titrated.

2. Principle: In a neutral or slightly alkaline solution, potassium chromate can
indicate the end point of the silver nitrate titration of chloride. Silver chloride is

precipitated before red silver chromate is formed.

3. Interference: Bromide, iodide and cyanide register equivalent chloride
concentrations. Sulphite, thiosulphate and sulphide ions interfere but can be removed
by treatment with hydrogen peroxide. Orthophosphates in excess of 25mg/L interfere.

Iron in excess of 10mg/l interferes by masking the end point.

4. Apparatus

4.1. Erlenmeyer flask — 250 mL.
4.2. Burette — 50 mL.
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5. Reagents

5.1 Potassium chromate indicator solution — Dissolve 50 gm of potassium
chromate in a little distilled water. Add silver nitrate solution until a definite red
precipitate is formed. Let it stand for 12 hr, filter and dilute to 1 liter with distilled

water.

5.2 Standard silver nitrate titrant —0.0141 N. Dissolve 2.395 gm of silver nitrate
in distilled water and dilute to 1 liter. Standardize against 0.0141N sodium chloride
solution. 1.00 mL = 500 pg of chloride. Store in a brown bottle.

5.3 Standard sodium chloride solution — 0.0141 N. Dissolve 824.0 mg of
sodium chloride (dried at 140°C) in distilled water and dilute to 1 liter. 1 mL = 500 pg of

chloride.
5.4 Special reagents for removal of interferences:
54.1  Aluminium hydroxide suspension — Dissolve 1.25 gm of aluminum

potassium sulphate or aluminium ammonium sulphate [AIK (S04)2 .12H20 or Al NH4
(S04)2.12H20] in 1 liter of distilled water. Warm to 60°C and add 55 mL of concentrated
ammonium hydroxide slowly with stirring. Let it stand for 1 hr, transfer to a large bottle
and wash precipitate by successive additions, with thorough mixing and decanting with
distilled water, until free from chloride. When freshly prepared, the suspension

occupies a volume of about 1 liter.

5.4.2 Phenolphthalein indicator solution.

5.4.3 Sodium hydroxide- 1 N.

5.4.4 Sulphuric acid -1N.

5.4.5 Hydrogen peroxide - 30 percent.
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6 Procedure

6.1 Use 100 mL sample or a suitable portion diluted to 100 mL. If the sample is

highly colored, add 3 mL of aluminium hydroxide suspension, mix, let settle and filter.

6.2 If sulphide, sulphite or thiosulphate is present, add 1 mL of hydrogen peroxide

and stir for 1 minute. Directly titrate the samples in the pH range 7 to 1 0.

6.3 Adjust sample pH to 7-10 with sulphuric acid or sodium hydroxide if it is not in

the range.
6.4 Add 1.0 mL of potassium chromate indicator solution.
6.5 Titrate with standard silver nitrate solution to a pinkish yellow end point.

Standardize silver nitrate solution and establish reagent blank value by titration

method.

7 Calculation:

(v1—v2)x N x 35450
V3

Chloride, mg/L =

Where
V1 =Volume in mL of silver nitrate used by the sample
V2 = Volume in mL of Silver nitrate used in the blank titration
V3= volume in mL of sample taken for titration

N= Normality of silver nitrate solution
B. Potentiometric Method
1. Principle: Chloride is determined by potentiometric titration silver nitrate
solution with a glass and silver-silver .chloride electrode system. During titration an

electronic voltmeter used to detect the change in potential between the two electrodes.

The end point of the titration is that instrument reading at which the greatest change in
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voltage has occurred for a small and constant increment of silver nitrate added.

2. Interference: lodide and bromide also are titrated as chloride. Ferricyanide
causes high results and must be removed. Chromate and dichromate interfere and
should be reduced to the chromic state or removed. Ferric iron interferes if present in
an amount substantially higher than the amount of chloride. Chromic ion, ferrous ion,
and phosphate do not interfere. Grossly contaminated samples usually require
pretreatment where contamination is minor, some contaminants can be destroyed

simply by adding nitric acid.

3. Apparatus

3.1 Glass and silver-silver chloride electrodes: Prepare in the laboratory or purchase
a silver electrode coated with AgCl for use with specified instruments. Instructions on
use and care of electrodes are supplied by the manufacturer.

3.2  Electronic voltmeter, to measure potential difference between electrodes: A pH
meter may be converted to this use by substituting the appropriate electrode.

3.3  Mechanical stirrer, with plastic-coated or glass impeller.

4. Reagents

4.1 Standard Sodium chloride solution, 0.0141M (0.0141N):Dissolve824.0 mg NaCl
(dried at 140°C) in distilled water and dilute to 100 mL: 1.00 mL= 500 pg CI-

4.2 Nitric acid, HNOs, conc.

4.3  Standard silver nitrate titrant, 0.0141 (0.0141 N): Dissolve 2.395 gm AgNO3 in
distilled water and dilute to 1000 mL. Standardize against NaCl by the procedure; 1.00
mL= 500 pg CI-

4.4  Pretreatment reagents

4.4.1 Sulfuric acid H2S04, 1+1

4.4.2 Hydrogen peroxide, H202, 30 %

4.4.3 Sodium hydroxide NaOH, 1N.
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5 Procedure

5.1 Standardization: The various instruments that can be used in this determination
differ in operating details; follow the manufacturer’s instructions. Make necessary
mechanical adjustments. Then, after allowing sufficient time for warm-up (10 min),
balance internal electrical components to give an instrument setting of 0 mV or, if a pH

meter is used, a pH reading of 7.0.

5.1.1 Place 10.0 mL standard NaCl solution in a 250mL beaker, dilutes to about 100
mL, and adds 2.0 mL conc HNOs. Immerse stirrer and electrodes.

5.1.2 Setinstrument to desired range of mill volts or pH units Start stirrer

5.1.3 Add standard AgNOs titrant, recording scale reading after each addition. At the
start, large increments of AgNO3 may be added; then, as the end point is approached,
add smaller and equal increments (0.1 or 0.2 mL) at longer intervals, so the exact end
point can be determined. Determine volume of AgNO3 used at the point at which there is
the greatest change in instrument reading per unit addition of AgNO3-

5.1.4 Plot a differential titration curve if the exact endpoint cannot be determined by
inspecting the data. Plot change in instrument reading for equal increments of AgNO3
against volume of AgNO3 added, using average of burette readings before and after each

addition.

5.2  Sample analyis:

5.2.1 Pipet 100.0 mL sample or a portion containing not more than 10 mg Cl, into a

250mL beaker. In the absence of interfering substances, proceed with above.

5.2.2 In the presence of organic compounds, sulfite, or other interferences (such as
large amounts of ferric iron, cyanide, or sulfide) acidify sample with H2S04, using litmus
paper. Boil for 5 min to remove volatile compounds. Add more H2S04, if necessary, to
keep solution acidic. Add 3 mL H202 and boil for 15 min, adding chloride-free distilled
water to keep the volume above 50 mL. Dilute to 100 mL, add NaOH solution dropwise
until alkaline to litmus, then 10 drops in excess. Boil for 5 min, filter into a 250mL

beaker, and wash precipitate and paper several times with hot distilled water.
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5.2.3 Add conc. HNO3 drop wise until acidic to litmus paper, then 2.0 mL in excess.
Cool and dilute to 100 mL if necessary. Immerse stirrer and electrodes and start stirrer.
Make any necessary adjustments according to the manufacturer's instructions and set
selector switch to appropriate setting for measuring the difference of potential between

electrodes.

5.2.4 Complete determination by titrating according to 4.labove. If an end-point
reading has been established from previous determination for similar samples and
conditions, use this predetermined end point. For the most accurate work, make a blank
titration by carrying chloride-free distilled water through the procedure.

6 Calculation

mg CI/L =(A-B)xNx 35450

mL sample
where
A =mL AgNOs,
B = mL blank, and

N = normality of titrant

C. Automated Ferricyanide Method

1 Principle: Thiocyanate ion is liberated from mercuric thiocyanate by the
formation of soluble mercuric chloride. In the presence of ferric ion, free thiocyanate ion
forms a highly colored ferric thiocyanate, of which the intensity is proportional to the

chloride concentration.

2 Interferences: Remove particulate matter by filtration-or centrifugation before
analysis. Guard against contamination from reagents, water, glassware, and sample

preservation process. No chemical interferences are significant.

3 Application: The method is applicable to potable, surface, and saline waters, and
domestic and industrial wastewaters. The concentration range is 1 to 200 mg ClI/L; it

can be extended by dilution.
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4 Apparatus

4.1 Automated analytical equipment: An example of the continuous-flow analytical

instrument consists of the interchangeable components.

4.2 Filters, 480-nm.

5 Reagents

5.1  Stock mercuric thiocyanate solution: Dissolve 4.17 gm Hg(SCN)2 in about 500
mL methanol, dilute to 1000 mL with methanol, mix, and filter through filter paper.

5.2  Stock ferric nitrate solution: Dissolve 202 gm Fe(NO3)3 . 9H20 in about 500mL
distilled water, then carefully add 21 mL conc HNOs. Dilute to 1000mL with distilled

water and mix. Filter through paper and store in an amber bottle.

5.3  Color reagent: Add 150 mL stock Hg(SCN): solution to 150 mL stock Fe(NO3z)3
solution. Mix and dilute to 1000 mL with distilled water. Add 0.5mL polyoxyethylene 23

lauryl ether.

5.4  Stock chloride solution: Dissolve 1.6482 gm NaCl, dried at 140°C, in distilled
water and dilute to 1000 mL; 1.00 mL = 1.00 mg Cl.

5.5 Standard chloride solutions: Prepare chloride standards in the desired

concentration range, such as 1 to 200 mg/L, using stock chloride solution.

6 Procedure Set up manifold and follow general procedure described by the

manufacturer.

7 Calculation

Prepare standard curves by plotting response of standards processed through the
manifold against chloride concentrations in standards. Compute sample chloride

concentration by comparing sample response with standard curve.

D. Mercuric Thiocyanate Flow Injection Analysis

1 Principle: A water sample containing chloride is injected into a carrier stream to
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which mercuric thiocyanate and ferric nitrate are added. The chloride complexes
with the Hg(ll), displacing the thiocyanate anion, which forms the highly colored
ferric thiocyanate complex anion. The resulting peaksabsorbance is measured at 480
nm. The peak area is proportional to the concentration of chloride in the original

sample.

2 Interferences: Remove large or fibrous particulates by filtering sample through
glass wool. Guard against contamination from reagents water, glassware, and the
sample preservation process. Substances such as sulfite and thiosulfate, which
reduce iron (IlI) to iron (II) and mercury (II) to mercury (I), can interfere. Halides,
which also form strong complexes with mercuric ion (e.g., Br-, I'), give a positive

interference.
3 Apparatus

31 Flow injection analysis equipment consisting of
3.1.1 FIA injection valve with sample loop.

3.1.2  Multichannel proportioning pump.

3.1.3  FIA manifold with flow cell.

3.14  Absorbance detector, 480 nm, 10nm band pass.

3.1.5 Valve control and data acquisition system.

4 Reagents
4.1 Usereagent water (> 10 mega ohm) to prepare carrier and all solutions.

4.2  Stock mercuric thiocyanate solution: In a 1L volumetric flask, dissolve 4.17gm
mercuric thiocyanate, Hg(SCN)z, in about 500 mL methanol. Dilute to mark with

methanol and mix.
CAUTION: Mercuric thiocyanate is toxic. Wear gloves!

4.3 Stock ferric nitrate reagent, 0.5M: In a 1L volumetric flask, dissolve 202 gm ferric
nitrate, Fe(NO3)3 .9H20, in approximately 800 mL water. Add 25 mL conc. HNO3 and

dilute to mark. Invert to mix.

4.4 Color reagent: In a 500mL volumetric flask, mix 75 mL stock mercuric
thiocyanate solution with 75 mL stock ferric nitrate reagent and dilute to mark with

water. Invert to mix. Vacuum filter through a 0.45 pm membrane filter. The color
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reagent also is available as a commercially prepared solution that is stable for several
months

4.5  Stock chloride standard, 1000 mg CI/L: In a 105°C oven, dry 3 gm primary
standard grade sodium chloride, NaCl, overnight. In a 1L volumetric flask, dissolve
1.648 gm primary standard grade sodium chloride in about 500 mL water. Dilute to
mark and invert to mix.

4.6  Standard chloride solutions: Prepare chloride standards for the calibration curve
in the desired concentration range, using the stock standard (as above), and diluting

with water.

5 Procedure: Set up a manifold and follow method supplied by manufacturer, or

laboratory standard operating procedure for this method.

6 Calculations Prepare standard curves by plotting absorbance of standards
processed through the manifold versus chloride concentration. The calibration curve

gives a good fit to a second-order polynomial.
7 Reference:
7.1 IS : 3025 (Part 32) - 1988 (Reaffirmed 2003)- Methods of Sampling and Test

(Physical and chemical ) for water and Waste Water : Chloride
7.2 APHA 4500-Cl

6 MAGNESIUM

Introduction:
Magnesium occurs commonly in the minerals magnetite and dolomite. Magnesium is
used in alloys, pyrotechnics, flash photography, drying agents, refractories, fertilizers,

pharmaceuticals, and foods.

The common aqueous species is Mg?* The carbonate equilibrium reactions from

magnesium are more complicated than for calcium and conditions for direct
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precipitation of dolomite in natural waters are not common. Important contributors to
the hardness of a water, magnesium salts break down when heated, forming scale in
boilers. Chemical softening, reverse osmosis, ion exchange reduces magnesium and
associated hardness to acceptable levels. Magnesium is an essential element in
chlorophyll and in red blood cells. Some salts of magnesium are toxic by ingestion or
inhalation. Concentrations greater than 125 mg/L also can have a cathartic and diuretic

effect.

The methods for determination of Magnesium are prescribed as:

1. Calculation Method

2. Gravimetric Method as Magnesium Pyrophosphate

A. Calculation Method

1. Principle: Water sample containing Calcium as CaCOs3 is estimated and Total
Hardness is the sum of CaCO3 and MgCO3. Magnesium hardness is determined by

subtracting Calcium hardness from total hardness.
2. Calculation

2.1. Calculate the Total hardness as follows: Analysis for Total Hardness is carried

out at pH 10 using Erichrome Black T indicator.

Total hardness (CaCO3) mg/L =[1000(V1 -V2)/V3] x CF
Where
V1 = volume in mL of the EDTA standard solution used in the titration for
the sample
V2 = volume in mL of the EDTA solution used in the titration for blank.
V3 = volume in mL of the sample taken for the test
CF = X1/X2 correction factor for standardize ion of EDTA.
X1 = volume in mL of standard calcium solution taken for standardization

X2 =volume of mL of EDTA solution used in the titration
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2.1.1. Calculate the Calcium hardness as follows: Analysis for Calcium is carried out

at pH 12-14 using Patton & Reader Indicator.

Calcium hardness (CaCO3) mg/L =[1000(V1 -V2)/V3] x CF

Where
V1 = volume in mL of the EDTA standard solution used in the titration
for the sample
V2 = volume in mL of the EDTA solution used in the titration for blank.
V3 = volume in mL of the sample taken for the test
CF = X1/X2 correction factor for standardize ion of EDTA.
X1 = volume in mL of standard calcium solution taken for
standardization and

X2 =volume of mL of EDTA solution used in the titration

Calculate the Magnesium hardness as follows

Magnesium hardness = Total hardness - Calcium hardness (mg/L)

Magnesium (as Mg*?) = Magnesium hardness * 0.2428 mg/L

B. Gravimetric Method

1. Principle: Diammonium hydrogen phosphate quantitatively precipitates
magnesium in ammoniacal solution as magnesium ammonium phosphate. The
precipitate isignited and weighed as magnesium pyrophosphate. Below 1 mg/L atomic

absorption Spectrophotometric method is desirable.

2. Interferences: The solution should be reasonably free from aluminum, calcium,
iron, manganese, silica, strontium and suspended matter. It should not contain more

than about 3.5 gm ammonium chloride.
3. Apparatus

3.1  Vacuum Pump or Other Source of vacuum

3.2 Filter Flasks
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3.3  Filter Crucibles - medium porosity; 30 Ml

4 Reagents

4.1  Methyl Red Indicator Solution: Dissolve 100 mg of methyl red sodium salt in
distilled water and dilute to 100 Ml

4.2 Hydrochloric acid: 1:1, 1:9 and 1:99

4.3 Ammonium Oxalate Solution: Dissolve 10gm (NH4). C204 + H20 in 250mL
distilled water. Filter if necessary

4.4 Ammonium Hydroxide- Concentrated- 1:19

4.5 Nitric Acid- Concentrated

4.6 Diammonium hydrogen phosphate solution Dissolve 30gm of Diammonium
pyrophosphate (NH4)2 HPO4 in distilled water and make up to 100 mL.

4.7 Urea

5 Procedure

51 Pre treatment of Polluted Water and Wastewater Samples: Mix the
samplepretreated, if so required, and transfer a suitable volume (50 to 100 mL) to 250
mL conical flask or a beaker. Add 5 mL concentrated nitric acid and a few boiling chips
or glass beads. Bring to a slow boil and evaporate on a hot plate to the lowest volume
possible (about 10 to 20 mL) before precipitation or salting occurs. Add 5 mL
concentrated nitric acid cover with a watch glass and heat to obtain a gentle refluxing
action. Continue heating and adding concentrated nitric acid as necessary until
digestion is complete as shown by a light coloured clear solution. Do not let sample dry
during digestion. Add 1 to 2 mL concentrated nitric acid and warm slightly to dissolve
any remaining residue. Wash down beaker walls and watch glass with water and then
filter if necessary .Transfer filtrate to 100 mL volumetric flask with two 5 mL portions of
water adding these risings to the volumetric flask. Cool dilute to mark and mix

thoroughly. Take portions of this solution for the determination.
52  Removal of calcium and other Metals as Oxalates: To 200 mL of the sample

pretreated if so required containing about 50 mg of calcium, add a few drops of methyl

red indicator and 1:1 hydrochloric acid. Sufficient acid must be present in the solution
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to prevent the precipitation of calcium oxalate when ammonium oxalate solution is
added. Introduce 50 mL of ammonium oxalate solution and 15 gm of urea. Boil the
solution gently until the methyl red changes its colour to yellow. Filter the precipitate

and wash with small volume of cold water until free from chloride.

5.3  Determination of Magnesium: To the combined filtrate and washings from 5.2
containing not more than 60 mg magnesium add 50 mL of concentrated nitric acid and
evaporate carefully to dryness on a hot plate. Do not let reaction become too violent
during the later part of the evaporation stay in constant attendance to avoid losses
through spattering. Moisten residues with 2 to 3 mL of concentrated hydrochloric acid,
add, 20 mL of distilled water, warm, filter and wash. To the filterate add 3 mL of
concentrated hydrochloric acid 2 to 3 drops of methyl red solution, and 10 mL of
(NH4):HPO4 solution. Cool and add concentrated ammonium hydroxide drop by drop
stirring constantly until color changes to yellow, stir for Sminutes and add again 5mL of
concentrated ammonium hydroxide and stir vigorously for 10 min more. Let it stand
overnight and filter through filter paper. Wash with 1:19 ammonium hydroxide.
Transfer to an ignited, cooled and weighed crucible. Dry precipitate thoroughly and
burn paper off slowly, allowing circulation of air. Heat at about 500°C until residue is

white. Ignite for 30 minutes at 1100°C to constant mass.

5.4 Calculation

Magnesium, mg/L= M x218.4x103
\Y%

Where
M= mass in mg of magnesium pyrophosphate, and

V=volume in mL of sample.
6. Reference:

6.1 IS : 3025 (Part 46) - 1994 Methods of Sampling and Test (Physical and

chemical) for water and Waste Water
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7 FLUORIDE

Introduction:

Fluoride ions have dual significant in water supplies. High concentration of F- causes
dental fluorosis (disfigurement of the teeth). At the same time, a concentration less than
0.8 mg/L results in ‘dental caries’. Hence it is essential to maintain the F- concentration
between 0.8 to 1.0 mg/L in drinking water. Among the many methods suggested for the
determination fluoride ion in water, the Colorimetric method (SPANDS) and the ion
selective electrode method are the most satisfactory and applicable to variety of
samples. Because all of the Colorimetric methods are subject to errors due to presence
of interfering ions, it may be necessary to distill the sample before making the fluoride

estimation.

1. Scope: This standard method prescribes three methods of test for

determination of fluoride content in water.

A. Zirconium alizarin method without distillation
B. Zirconium alizarin method with distillation
C. Electrochemical probe method

The method without distillation and electrochemical probe method is reliable for
samples of potable and lightly polluted water in which the interfering substances are

not in excess of the limits given below:

Table 1: Maximum limits for interfering substances:

Chlorides (as CI) 2000 mg/L
Sulphates (as SO4) 300 mg/L
Alkalinity (as CaCO3) 400 mg/L
Iron (as Fe) 2 mg/L
Aluminium (as Al) 0.5 mg/L
Phosphates (as PO4) 5 mg/L
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Where the sample is highly coloured or turbid or has interfering substances in excess of
the limits given above, the method with distillation shall be used or the sample shall be
appropriately diluted before this test. With samples of unknown composition or where

greater accuracy is needed, the method with distillation shall be employed.

A. ZIRCONIUM ALIZARIN METHODS

1.1 Principle: The color (red to yellow with increasing concentration of fluoride)
obtained with zirconium alizarin reagent is matched against that produced with a series

of standard fluoride solutions.

1.2 Range and Applicability: This method is suitable for estimation of fluoride
content up to 1.0 mg/L of fluoride as F. The minimum detection limit of this method is

0.05 mg/L fluoride as F.

1.3 Interference: Iron, alkalinity, phosphates interfere, if present above the values
given in Table - 1. Interference of free residual chlorine can be removed by adding
sodium arsenite. Aluminium gives negative error because of formation of Al-F complex

which withdraws fluoride from the reaction of zirconium.

1.4 Apparatus

1.4.1  Nessler Tubes, 100 mL capacity.

1.4.2  Distillation Apparatus — The distillation apparatus shall consist of a Claisen
flask of 100 mL capacity, a large flask for generating steam and an efficient condenser.
The main neck of the Claisen flask shall be fitted with a two-holed rubber stopper
through which shall pass a thermometer and a glass tube (for connecting with the steam
supply), both the thermometer and the tube extending almost to the bottom of the flask.
The side neck of the flask shall be closed with a rubber stopper and the side arm
connected with the condenser. Steam shall be generated from water made alkaline with
sodium hydroxide. Local overheating of the Claisen flask shall be avoided by use of an

asbestos board with a hold which shall fit closely to the lower surface of the flask.
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1.5 Reagents

1.5.1 Sodium Thiosulphate Solution — approximately 0.1 N.

1.5.2 Standard Sodium Fluoride Solution — Dissolve 0.221 gm of dry sodium
fluoride in distilled water and make up to 1000 mL. Dilute 1000 mL of the solution to
1000 mL distilled water. One millilitre of this diluted solution contains 0.01 mg of
fluoride (as F). The solution shall be kept in polyethylene or wax-lined glass bottles.

1.5.3  Zirconium Alizarin Reagent

1.5.3.1 Dissolve 0.3 gm of zirconium oxychloride (ZrOCl2.8H20), or 0.25 gm of
zirconium oxynitrate [ZrO(NO3)2.2H20] in 50 mL of distilled water. Dissolve 0.07 gm of
alizarin sodium monosulphonate (alizarin S) in another 50 mL quantity of distilled
water and add the latter solution slowly to the zirconium solution with continuous
stirring. The resulting solution clears on standing for a few minutes.

1.5.3.2 Dilute 112 mL of concentrated hydrochloric acid to 500 mL with distilled water.
Also add 37 mL of concentrated sulphuric acid to 400mL of distilled water and then
dilute to 500 mL. Mix the two diluted acids when cool.

1.5.3.3 Dilute the clear zirconium solution prepared in 1.5.3.1 to 1000 mL with the
mixed acid solution prepared in 1.5.3.2. The reagent is at first red, but within an hour it
changes to orange-yellow and is ready for use. The solution shall be stored in the dark, if
kept in a refrigerator it is stable for 2 to 3 months. When 5 mL of this reagent is added
to 100 mL of distilled water containing no fluorides, it soon turns pink. Fluorides

discharge the pink colour of the lake so that the solution acquires a more yellow tint.

1.5.4  Silver Sulphate

1.5.5  Perchloric Acid — 60 percent.

1.5.6  Phenolphthalein Indicator

1.5.7  Sodium Hydroxide Solution — 10 percent w/v.
1.5.8  Concentrated Sulphuric Acid
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1.6 Procedure
1.6.1 Method without Distillation
1.6.1.1 The sample shall not contain free chlorine; if necessary, it shall be

dechlorinated with a slight excess of sodium thiosulphate solution before use.

1.6.1.2 Take 100 mL of the clear sample and a series of dilutions of standard sodium
fluoride solution in 100 mL of distilled water in Nessler tubes and add 5.0 mL of the
zirconium alizarin reagent to each. The sample and standards shall be at the same
temperature to within 1°C to 2°C. Mix and compare the colours after standing for 1 hr
exactly. Note the volume of standard sodium fluoride solution contained in the tube,

with which a match with the sample under test is obtained.

1.6.2 Method with Distillation

1.6.2.1 Introduce into the Claisen flask a number of fragments of Pyrex glass or glass
beads, 0.2 gm of silver sulphate, 7 mL of distilled water and 15 mL of Perchloric acid.
Heat the flask until the temperature reaches 120°C to 125°C, connect to the steam
supply and regulate the gas and steam so that the distillation proceeds at a temperature
of 137°C to 140°C. Distil 150 mL in 25 to 35 min and steam out the condenser towards
the end of the distillation. Discard the first distillate. Distil a further 150mL and
determine the fluorides in it by the method given above. The figure for this blank shall
not exceed 0.0015 mg and shall be approximately constant for any further 150 mL

fraction.

1.6.2.2 Make 150 mL of the sample alkaline to phenolphthalein indicator with sodium
hydroxide solution, add a few drops in excess and concentrate to 20 mL. When cool,
transfer quantitatively to the distillation flask and carefully add 15 mL of concentrated
sulphuric acid. If the amount of chloride in the aliquot exceeds 5 mg, add about 5 mg of
silver sulphate for each milligram of chlorine. Connect up the apparatus and distil 150

mL as above. Determine the fluoride content of the total 150 mL of distillate as 1.6.1.2.
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1.6.3 Calculation

1.6.3.1 Method without Distillation

1000W
\%

Fluoride (as F), mg/L =

Where

W - Weight of fluorides (as F) in the standard solution matched by the
sample in mg;

V - Volume of the sample taken in mL

1.6.3.2 Method with Distillation

1000W

Fluoride (as F), mg/L = v

Where

W = weight of fluorides (as F) in the standard solution matched by
150 mL of the Distillate, in mg

V= volume of the sample taken in mL

B. ELECTROCHEMICAL PROBE METHOD

2.1 Range and Applicability: The electrochemical technique method is directly
suitable for measuring fluoride concentrations from 0.2 mg/L to 2.0 g/L. After the
addition of a known amount of fluoride, concentrations as low as 0.02 mg/L can be

detected.

2.2 Interferences: The electrode will respond directly to hydroxide ions. The
formation of HF wunder acidic conditions will reduce the measured fluoride
concentration. Therefore, buffer all test aliquots to a pH between 5 and 7 to prevent

such interference. Cations such as calcium, magnesium, iron and aluminium form
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complexes with fluoride or precipitates to which the electrode does not respond.
Therefore the buffer solution also contains trans- 1, 2-diaminocyclohexane-N,N,N',N" -
tetraacetic acid (CDTA) as a decomplexing agent to free bound fluoride. The boron

tetrafluoride anion, is not decomplexed by the addition of buffer.

2.3 Principle: When a fluoride ion-selective electrode comes into contact with an
aqueous solution containing fluoride ions, a potential difference develops between the
measuring electrode and the reference electrode. The value of this potential difference
is proportional to the logarithm of the value of the fluoride ion activity in accordance

with the Nernst equation.

2.4 Apparatus

2.4.1  Millivolt Meter — a Millivolt meter with an impedance of not less than 1012}
capable of resolving potential differences of 0.1 mV or better.

2.4.2 Fluoride Ion-selective Electrode — the e.m.f. response, using standard
solutions, shall not be less than 55 mV per decade change in fluoride concentration at
25°C.

2.4.3 Reference Electrode -- Either a calomel electrode, filled with saturated
potassium chloride (KCI) solution, or a silver/silver chloride electrode shall be used.
244  Measuring Cells — capacity 100 mL, made of polypropylene and fitted with a
thermo stated jacket.

2.4.5 Water Bath — capable of supplying water to the jacket of the measuring cell at
a temperature of 25°C+0.2°C.

2.4.6 Magnetic Stirrer, with a polytetrafluoroethylene (PTFE) -coated stirring bar.
2.4.7 Polyethylene Beaker, of capacity 100 mL.

2.5 Reagents: Purity of the Reagents —Unless specified otherwise, only pure

chemicals and fluoride free distilled water shall be used in tests.

2.5.1 Sodium Hydroxide (5M) — Dissolve cautiously 100 * 0.5 gm of sodium

hydroxide in water, cool and dilute to 500 mL.
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2.5.2 Total Ionic Strength Adjustment Buffer (TISAB) — Add 58 gm of sodium
chloride (NaCI) and 57 mL of glacial acetic acid [p(CH3CO0H) = 1.05 g/mL] to 500 mL of
water in a 1 liter beaker. Stir until dissolved. Add 150 mL of the sodium hydroxide
solution and 4 gm of CDTA (trans-1, 2- diaminocyclohexane-N,N,N,N'tetraacetic acid).
Continue stirring until all the solids have dissolved and adjust the solution to pH 5.2
with sodium hydroxide solution using a pH meter. Transfer to a 1000 mL one mark
volumetric flask, make up to the mark with water and mix. The solution is stable for

about 6 months, but do not use if precipitation occurs in solution.

2.5.3 Fluoride, Stock Solution, 1000 mg/L - Dry a portion of sodium fluoride (NaF)
at 150°C for 4 hr and cool in a desiccator. Dissolve 2.210 + 0.001 gm of the dried
material in water contained in a 1000mL one-mark volumetric flask. Make up to the

mark with water and mix. Store the solution in a screw-capped polyethylene container.

2.54  Fluoride, working standard solution-I, 10 mg/L - Pipette 10 mL of the
fluoride stock solution into a 1000 mL one-mark volumetric flask. Make up to the mark
with water and mix. Standard solutions should be stored in plastic bottles and are

usable for one month.

2.5.5 Fluoride, working standard solution-II, 5 mg/L - Pipette 5 mL of the
fluoride stock solution into a 1000 mL one-mark volumetric flask and make up to the

mark with water.

2.5.6  Fluoride, working standard solution-III, 1 mg/L - Pipette 100 mL of the
working standard solution I into a 1000 mL one-mark volumetric flask and make up to

the mark with water.

2.5.7  Fluoride, working standard solution-1V, 0.5 mg/L - Pipette 100mL of the
working standard solution-II into a 1000 mL one-mark volumetric flask and make up to

the mark with water.
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2.5.8  Fluoride, working standard solution-V, 0.2 mg/L - Pipette 20 mL of the
working standard solution-I into a 1000 mL one-mark volumetric flask and make up to

the mark with water.

2.6 Procedure

2.6.1 Preparation for Measurement: Since the electrode characteristics of a
fluoride ion selective electrode generally vary with time, check the calibration curve on
the day of use. To accelerate the establishment of the equilibrium potential, condition
the electrode prior to measurement in the following way. Prior to measurement,
immerse the electrode for 1 h in the cell which contains the reference solution-V (Refer
Table-2). After rinsing with the first solution to be measured, the electrode is ready for

use.

Table-2: Preparation of Reference solution:

S. Reference Buffer Working Fluoride
No. | Solution No. | Solution Standard Concentration
(mL) Solution mg/L
No. mL

1. 1 25 | 25 10

2. 2 25 11 25 5

3. 3 25 I11 25 1

4. 4 25 IV 25 0.5

5. 5 25 \Y 25 0.2

2.6.2 Measurement: Pipette 25 mL of the buffer solution, followed by 25mL of the
water sample, into a measuring cell. Ensure that the pH 