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Environment Protection and Waste Management Sectional Committee, CHD 32

FOREWORD

This Indian Standard (Part 21) (Second Revision) was adopted by the Bureau of Indian Standards, after the draft
finalized by the Environment Protection and Waste Management Sectional Committee had been approved by the
Chemical Division Council.

In most natural waters, hardness is mainly due to calcium and magnesium ions. In some waters, measurable
concentrations of iron, aluminium, manganese, barium, zinc and other metals may be present. Total hardness of
water is the sum of the concentrations of all the metallic cations other than cations of alkali metals, expressed as
equivalent calcium carbonate concentration. When the hardness is numerically greater than the sum of carbonate
alkalinity and bicarbonate alkalinity; the amount of hardness which is equivalent to total alkalinity is called
‘carbonate hardness’ and the amount of hardness in excess of this is called ‘non-carbonate hardness’. Some
waters containing high concentrations of borates, phosphates, silicates, may contribute to total alkalinity.

There is no ISO Standard on the subject. The first revision of this standard was published in 1983 by subf@rseding

of 1S 3025 : 1964 ‘Methods of sampling and test (physical and chemical) for water used in industry’. In this
revision methods for determination of carbonate and non-carbonate hardness have been incorporated based on
the relevance of these requirements in this field. Accordingly, the title of this standard is changed to ‘Hardness'.

The composition of the Committee responsible for the formulation of this standard is given in Annex A.

In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed or
calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 ‘Rules for rounding off numerical
values (evised'.
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Indian Standard

METHODS OF SAMPLING AND TEST (PHYSICAL AND
CHEMICAL) FOR WATER AND WASTEWATER

PART 21 HARDNESS
( Second Revision )

1 SCOPE 4 SAMPLING AND PRESERVATION

1.1 This standard prescribes two methods forSampling and sample preservation shall be done as
determination of total hardness, namely (a)prescribed in IS 3025 (Part 1).

Ethylenediamine tetraacetic acetate acid (EDTA)

method, and (b) Method based on analytical data ang EDTA METHOD FOR DETERMINATION OF

also the methods for determination of carbonate and O 1AL HARDNESS

non-carbonate hardness. 5.1 Principle

1.2The EDTA methqd Is based_on the react_ion_of-l-his method depends on ability of ethylenediamine
calcium and magnesium salts with ethylenediaming, o cetic acid (GH.0N,)

tetraacetic acid or its disodium salt and is applicable 1ome

to all types of water but not applicable to

wastewater. The analytical data method is based on A\
computation from analytical results of the sample c—OH
and is applicable to water and waste water. In case H.C o
of dispute, the method based on analytical data shall 2 \ V4
be used. HO : N—CH, CH,-C

\ / \ / \
2 REFERENCES C—CH, H,C—N3$ OH
The Indian Standards listed below contain provisions, © \(:H2
which through reference in this text constitute
provisions of this standard. At the time of publication, HO—C
the editions indicated were valid. All standards are \\O

subject to revision and parties to agreements based on o )
this standard are encouraged to investigate th&' its disodium salt to form stable complexes with

possibility of applying the most recent editions of theC@/cium and magnesium ions. When the dye
standards indicated below: eriochrome black T (EBT) ({©H,; N,O,S) is added

to a solution containing calcium and

IS No. Title
3025 Methods of sampling and test (physi- OH
cal and chemicaljor water and o
waste water:
(Part 1) : 1987 Samplindilst revision NaO;5 N=N
(Part 23) : 1986 Alkalinityfirst revisior)
7022 Glossary of terms relating to water,

sewage and industrial effluents:
(Part 1) : 1973 Part 1
(Part2) : 1979 Part 2
NO;
3 TERMINOLOGY _ ) _ _
_ o _ ~magnesium ions giH 10.0 a wine red complex is

For the purpose of this standard, definitions given iormed. This solution is titrated with standard solution
IS 7022 (Part 1) and IS 7022 (Part 2) shall apply.  of disodium salt of EDTA, which extracts calcium and



IS 3025 (Part 21) : 2009

magnesium from the dye complex and the dye i$44 mg magnesium chloride (MgH,O) in 50 ml
changed back to its original blue colour. Eriochromeof distilled water. Add this solution to 16.9 g
black T is used to indicate the end-point for theammonium chloride and 143 ml concentrated
titration of calcium and magnesium together. ammonium hydroxide with mixing and dilute to
MG** + EBT = [Mg-EBT] + H* 250 ml with d_istilled water. To a_ttain the highest
accuracy, adjust to exact equivalence through

(Pink Complex) appropriate addition of a small amount of EDTA or
[Mg-EBT] + EDTA =[Mg-EDTA] + [EBT] + H* magnesium sulphate or chloride. The exact amount
(Blue) can be determined by taking an appropriate aliquot of

buffer and titrate it with disodium salt of EDTA as in
5.4.1 Keep the solutions tightly stoppered to prevent
5.2.1 The EDTA forms stable complexes with iron, l0ss of ammonia or absorbance of carbon dioxide and
manganese, copper, lead, cobalt, zinc and nickefl0 not store for more than a month. Dilute 10 ml of the
Heavy metal interferences can be eliminated bysolution to 100 ml with distilled water and check that

complexing the metals with cyanide. In the presencéhepH value is 10.0 £ 0.1.
of cyanide, the procedure may be used even when irog, 3 4 standard Calcium Solution

copper, zinc or lead concentrations are as high as 10
mgl/l. 1.00 ml = 1.00 mg calcium carbonate (Caf@ry

) o analytical grade calcium carbonate (Cafi@ an oven
5.2.2The higher oxidation states of manganeseyt 180°C for 1 h. Weigh 1.000 g, suspend it in distilled
above Mr* react rapidly with the indicator to form \yater and add 1:1 hydrochloric acid AR quality,
discoloured oxidation products. Hydroxylamine gropwise slowly to dissolve the solid. Use minimum
hydrochloride reagent may be used to reducemoynt of acid. Boil for a few minutes, cool, add a few
manganese to divalent state. The divalenyygns of methyl red indicator and adjust to orange
manganese interference can be removed by additiofy|our with 3 N ammonium hydroxide or 1:1

of one or two small crystals of potassium pyqrochioric acid. Dilute to 1000 ml with distilled
ferrocyanide. water.

5.2 Interferences

5.2.3In presence of high aluminium concentrations,s 3 5Eriochrome Black T Indicator Solution

the blue colour near end point starts disappearing and

reverts to red. Dissolve 0.40 g eriochrome black T and 4.5 g
hydroxylamine hydrochloride (N4OH HCI) in
700 ml 95 percent ethanol. This indicator is stable for
more than 2 months. Alternatively, dissolve 0.5 g

5.2.4 Phosphate and carbonate ions may precipitat
calcium at thepH of titration.

5.3 Reagents eriochrome black T in 100 ml triethanolamine or
2-methoxyethanol or mixed 0.5 g EBT dye and 100 g
5.3.1Purity of the Reagents sodium chloride in a pestle and mortar. Store in a tightly
Unless specified otherwise, only pure chemicals angtoppered bottle. All indicator formulations tend to
tannin free distilled water shall be used in tests. deteriorate especially when exposed to moisture. If

the end point colour change is not sharp enough it is

NOTE — "Pure chemicals’ shall mean chemicals that dogjther due to the presence of some interfering ions or

not contain impurities which affect the result of analysis. due to deterioration of the indicator. In the latter case,
5.3.2 Buffer Solution addition of inhibitor sodium cyanide or sodium
sulphide (NaCN or Nj5) does not sharpen the end

Dissolve 16.9 g ammonium chloride (NEl) in point colour change.

143 ml concentrated ammonium hydroxide (JOH), N
add 1.25 g of magnesium salt of EDTA and dilute t05.3.6 Inhibitors
250 ml with distilled water. Store the solution in a S
: For most waters inhibitors are not necessary. If
polyethylene bottle tightly stoppered to prevent loss L L . :
. . L Interfering ions are present, inhibitors giverbi.6.1
of ammonia or pick-up of carbon dioxide for no Iongerto 5 3 6.4mav be used
than 1 month. Dilute 10 ml of the solution to 100 ml R y ‘
with distilled water and check that tipel value is  5.3.6.1Hydroxylamine hydrochloride solution

+
10.0£0.1. Dissolve 45 g hydroxylamine hydrochloride

5.3.3In the absence of magnesium salt of EDTA,(NH,OH.HCI) in demineralised water and dilute to
dissolve 1.179 g disodium salt of EDTA (AR quality) 1 litre, or dissolve 4.5 g hydroxylamine hydrochloride
and 780 mg magnesium sulphate (MgS®,0) or  in 100 ml of 95 percent ethanol or isopropanol.
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5.3.6.2Potassium ferrocyanide crystals traces of red and purple colour disappear and solution

5.3.6.3Sodium sulphide inhibitor is clez_ir sky blue in colour. Blank titration, carried out
in a similar way as that for sample, may be used for

Dissolve 5.0 g sodium sulphide (}$a9H,0) or 3.7 g  comparison.

N&,S.5H,0 in 100 ml distilled water. Tightly stopper

. . L 5.4.3Procedure for Waste Waters and Highly Polluted
S0 as to avoid excessive contact with air.

Waters

5.3.6.4Sodium cyanide solution Digest an aliquot of the sample with 3 ml of distilled

Dissolve 2.5 g sodium cyanide (NaCN) in concentrated nitric acid in a beaker on a hot plate and
demineralised water and dilute to 100 ml. As sodiumevaporate to near dryness cautiously making sure that
cyanide is extremely poisonous, it should be handletdhe sample does not boil. Repeat digestion with nitric
with care. The solution should not be made acidic anécid till the digestate is light in colour. Evaporate to
should be flushed down the drain with large amountsear dryness and cool the beaker. Add a small quantity
of water when it is to be disposed off. of 1 : 1 hydrochloric acid (5 ml) and warm on a hot-
5.3 7Standard EDTA Solution plate or _steam-bath to dissolve the re5|du_e. Cool, adj_ust
to a suitable volume and take an aliquot of this
Dissolve 3.723 g EDTA (N#,C,H;,ON,.2H,0)  digested sample. Proceed as giveh.h2
which has been dried overnight in a sulphuric acid
: . ) . . NOTES

desiccator, in demineralized water and dilute to 1F . .

. or water with very low hardness (less than 5 mg/l) micro
1000 ml. The reagent is stable for several weeks pyrette may be used.
and large volume is usually prepared. Check the 2 selection of sample size may be made such that the result
reagent by titrating 25 ml of standard calcium lies between 200 to 300 mg/l of hardness (as CACO
solution as described 3.4 Store in polyethylene

bottles. 5.5 Calculation

Calculate the hardness as follows:

Total hardness as  =[1 000, V,)/V,] x CF

5.4 Procedure

5.4.1 Standardization

(CaCQ), mg/l
Pipette 25.0 ml of standard calcium solution in A, here
porcelain basin and adjust the volume to 50 ml with
distilled water. Add 1 ml buffer solutios3.2. Add 1 V, = volume in ml of the EDTA standard solution
to 2 drops of indicatory(3.9), titrate slowly with used in the titration for the sample,
continuous stirring until the reddish tinge disappears, V, = volume in ml of the EDTA solution used in
adding last few drops at 3 to 5 interval. At the end the titration for blank,

oint the colour is sky blue. .
P y V; = volume in ml of the sample taken for the

5.4.2 Procedure for Drinking, Surface and Saline test,

Waters CF=X,/X,= correction factor for standardization
Pipette an aliquot of water sample, maximum 50 ml, of EDTA,

in a porcelain dish or 150-ml beaker and adjust the X, = volume in ml of standard calcium solution
volume to approximately 50 ml. Add 1 ml taken for standardization, and
hydroxylamine hydrochloride (NJOH.HCI), solution. X, = volume of ml of EDTA solution used in the

Add 1 to 2 ml buffer solution so as to achigk¢ of
10.0to 10.1. If the end point is not sharp (as determined
by practice) add 2 ml sodium cyanide or sodium5.6 Report

sulphide inhibitor solution. The addition of sodium Report hardness in mg/l as CaCfunded to the
cyanide or sodium sulphide may be omitted if COPPETfirst decimal place when the value is less than 10

zinc, lead, C‘?ba't and nickel are abs_ent and if th?ng/l and to the nearest unit if the value is more than
sample contains less than 0.25 mg of iron and 0‘02530 mg/l

mg of manganese. If manganese is present, add 1 or 2
small crystals of potassium ferri cyanide 57 Precision and Accuracy
[K,Fe(CN).3H,0]. Stir and wait for at least 5 min until S

sodium ferri cyanide precipitates. Add 2 ml eriochrome! € Precision is within 1 mg/l. The accuracy depends
black T indicator solution, titrate with standard EDTA ©ON the interfering substances present. In the absence
solution stirring rapidly in the beginning and slowly ©f @ny interference, it is within 1 mg/I.

towards the end till end point is reached when all the  NoTE — standard deviation of 1.2 mg/l has been reported.

titration.

3
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6 METHOD BASED ON ANALYTICAL DATA FOR hardness into different-units that are in use are given
DETERMINATION OF TOTAL HARDNESS in Table 1.

6.1 Principle 7 CARBONATE HARDNESS AND NON-

Total hardness computed from the concentration o?ARBONATE HARDNESS

the different metallic cation (other than alkali metals)7 1 procedure

in the sample but most often the cations taken into _ o

zinc, strontium, barium and manganese. total hardness as #and calculate the carbonate and

non-carbonate hardness as givefi.ix
6.2 Calculation

7.2 Calculation
(2.497 x mg/l Ca) + (4.116 x mg/

7.2.1Carbonate Hardness
Total hardness (as. [Mg) + (2.69 x mg/l Fe) + (5.567

cacQ), mg/l . *MgAAl)+ (1531 xmg/l Zn) a) When total hardness is greater than total
+(1.822 x mg/l Mn) + (0.894 x alkalinity, carbonate hardness (as Ca@®@/
mg/l Ba) + (1.319 x mg/l Sr) l) is equal to total alkalinity (as CaGO

6.3 Expression of Values of Hardness in Different b) When total hardness is equal to or less than
Units total alkalinity, carbonate hardness (as CaCO

mg/l) is equal to total hardness (as CgCO
Hardness of water shall be expressed in terms of mg/|

of calcium carbonate. However, for the sake of/-2-2Non-carbonate Hardness

convenience, factors for converting the value of Non-carbonate hardness (as Cac@g/l = total

hardness — total alkalinity

Table 1 Conversion Factors for Different Units for Expressing Hardness

(Clause6.3)
SINo.  Unit of Hardness Mg/l British Degree, American French German Russian
(as CaCQ) Grains per Degree, Grains Degree, Parts Degree, Parts Degree, Parts
Imperial Gallon  per US Gallon per 100 000 per 100 000 per Million
(as CaCQ) (as CaCQ) (as CaCQ) (as CaO) (as Ca)
) &) @) 4) (5) (6) @) (8)

i) mg/l as CaCQ 1.00 0.07 0.058 0.10 0.056 0.40
ii) British Degree 14.29 1.00 0.83 1.43 0.79 5.72
iii)  American Degree 17.16 1.20 1.00 1.72 0.96 6.86
iv) French Degree 10.00 0.70 0.58 1.00 0.56 4.00
V) German Degree 17.86 1.25 1.04 1.79 1.00 7.14
Vi) Russian Degree 2.50 0.18 0.15 0.25 0.14 1.00
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ANNEX A
(Foreworg

COMMITTEE COMPOSITION

Environment Protection and Waste Management Sectional Committee, CHD 32

Organization Representative(s)

In personal capacity4Q/14, C.R. Park, New Delhi 1100119 ProF Diip Biswas (Chairman)

Bhabha Atomic Research Centre, Mumbai

Bharat Heavy Electricals Limited, Haridwar
Cement Manufacturers Association, New Delhi
Central Fuel Research Institute, Dhanbad
Central Leather Research Institute, Chennai

Central Pollution Control Board, Delhi

Central Road Research Institute, New Delhi

Confederation of Indian Industry, New Delhi

Crop Care Federation of India, New Delhi

Delhi College of Engineering, Delhi

Delhi Jal Board, New Delhi

Department of Civil Engineering, Indian Institute of Technology,

New Delhi

Deputy General Factory Advice Service & Labour Institute,
Mumbai

Directorate General of Health Services, New Delhi

Engineers India Limited, Gurgaon

Envirotech Instruments Private Limited, New Delhi

Federation of Indian Chambers of Commerce and Industry,
New Delhi

Gujarat Pollution Control Board, Gandhinagar

Hindustan Lever Limited, Mumbai

Indian Centre for Plastics in the Environment, Mumbai

Indian Chemical Council, Mumbai

Indian Council for Agriculture Research, New Delhi
Indian Council of Medical Research, New Delhi
Indian Oil Corporation Ltd, Faridabad

Indian Petrochemical Corporation Limited, Vadodara

Industrial Toxicology Research Centre, Lucknow
Ministry of Defence, DRDO, New Delhi

R (BHRIMATI) G. G. RnDIT
SHRi |. V. SarabHI (Alternate

RIN. G. SiRivASTAA
R R. C. NarANG

R D C. Ram

R D RaIAMANI

FDS. D. MaKHIJANI
Dr C. S. $iArRMA (Alternatel)
Dr S. K. Tvaci (Alternatell)

HRIBATI ANURADHA SHUKLA

sMBEEMA ARORA
Dr. S. Majumpar (Alternate

HRB P. N. ARMESHAWARAN
SHRI CHINMAY SHAH (Alternate

FDRAKESH MEHROTRA
DR (SHRIMATI) ANuBHA MANDAL (Alternate

RECTOR (TREATMENT, QLTY CoONT)
CHier WATER ANALYST (Alternatg

R NDUKESH KHARE
Dr AtuL MitTaL (Alternatel)
Dr ArvinD NEma (Alternate I1)

HRISS. S. GuTAM
SirRi M. R. RaspuT (Alternate

R (BHRIMATI) MADHURI SHARMA

HS B. B. LaL
SHRI SUSHEEL SapH (Alternate

HRBRAKESH AGARWAL
Dr RaJENDRA PrasaD (Alternate

HRIMBTT ANTARA Roy

R B. K. TrRIVEDI

HRI B. B. Dave
SHRI ADITYA HAAR (Alternate

HRISS. P. GIAKRABORTY
SHRL T. K. BanporabHyay (Alternate

HBI PrAKASH WAGLE
SHrI A. A. Panawani (Alternatg

RR. C. MAHESHWARI
RBI. N. Savap
RDM. P. SnGH

HRIAANUPAM DESAI
SHRI MIHIR BanerJl (Alternate

R B. K. BHARGAVA

Ha1 J. C. Kapoor
Dr P. K. Rai (Alternate
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Organization

Ministry of Environment & Forests, New Delhi
Ministry of Non-conventional Energy Sources, New Delhi

Municipal Corporation of Delhi, Delhi

Municipal Corpopation of Greater Mumbai, Mumbai

National Council for Cement & Building Material,
New Delhi

National Environmental Engineering Research Institute,
Nagpur

National Institute of Occupational Health, Ahmedabad

NTPC Limited, New Delhi

Reliance Industries Limited, Mumbai

SGS India Limited, Chennai

Shriram Institute for Industrial Research, Delhi

Steel Authority of India Ltd (A Government of India Enterprise),

New Delhi

Thapar Centre for Industrial Research and Development, Patiala

The Energy and Resources Institute, New Delhi

The Fertilizer Association of India, New Delhi

Town & Country Planninmg Organization, Ministry of Urban

Development and Poverty Allevation, New Delhi

Representative(s)

EPRESENTATIVE
HRIS/INOD KumAR JaIN

KRl Ravi Dass
SHRI P. K. KHAnDELWAL (Alternate
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ExecuTiveE ENGINEER (EMissN INVENTORY GROUP)
(Alternate

HB M. S. BHAGwAT
Dr. S. N. Rni (Alternate

rR@V. C. Ro
r Taran NanDy (Alternate

R \D KRISHNA MURTHY
Dr A. K. MukHeRJEE (Alternate

8rI R. GoraL

RCE. SUNDARESAN
Dr U. K. Saroop (Alternate

H8I S. Ravi

R D\GDISH KuMAR
Dr M. K. Garc (Alternate

R Y2 M. SHASTRI
Sirl K. B. LaL (Alternate

R S. K. GHAKRABARTI

oL ®. K. bHri (ReTD)
Dr SuneeL Panpey (Alternate

RIISHRIMATI) B. SVAMINATHAN
Dr S. Nanp (Alternate

HREK. K. JoADDER
R BaNTOSH VIDHYADHARAN (Alternatg

In personal capacityQivil Engineering Department, Institute of Pror Goutam BANERJEE
Technology, Banaras Hindu University, Varanasi

HBI E. Devenpar, Scientist ‘F’ & Head (CHD)
[Representing Director GeneraEX-officio)]

BIS Directorate General

Member Secretary
SHRI N. K. PaL
Scientist ‘E’ (CHD), BIS
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