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Foreword

IS0 ithe International Qrganization for Standardization) is a worldwide
federation of national standards bodies (ISC member bodies). The work
of prepering International Standards is normally carried out through 15O
tachnical committees. Each member body interested in a subject for
which a technical committee has been established has the right tc be
represented on that committee. International organizations, governmantal
anc non-governmental, in lisison with 150, also take part in the work, 180
collaborates closely with the International Elsctrotechnical Commission
(IEC) on ali matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 78 % of the member bodies casting
a vote.

International Standard SO 9963-2 was prepared by Technical Committee
ISO/TC 147, Water quality, Subcommittee SC 2, Physical. chemical,
biochernical methods.

ISO 9963 consists of the following parts, under the general title Water
quality — Determination of alkalinity:

— Part 1! Deatgrmination of total and composite altkalinity
- Part 2: Deterrmination of carbonate alkalinity

Annexas A and B of this part of 150 9963 are for informaticn only.
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Water quality — Determination of alkalinity —

Part 2:

Determination of carbonate alkalinity

1 Scope

This part of IS0O 98963 specifies a method for the
titrtmetric determination of carbonate alkalinity in
ratural and drinking water. Using a higher ok value for
the endpoint than the method specified in
IS0 9863-1, the influence of other hydrogen ac-
ceptors, such as anions of humic acids, is reduced by
the procedure.

The method is intended for samples with a carhonate
alkshinity between 0,01 mmoljl and 4 mmoljl fas H*
equivalents). For samples containing higher concen-
trations of alkalinity, a simaller test portion can be used
for analysis.

In this context, carbonate alkalinity is often callad total
alkalinity and usually has nearly the same numaerical
value as methyl orange alkalinity (MO-alkalinity).

The endpoint detection, using a pH-meter is less
prone to interferences than the use of the indicator.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of 1ISO 9983. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of 150 9963 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated bslow. Members of IEC and IS0
maintain registers of currently wvalid International
Standards.

1SO 385-1:1984, Laboratory glassware — Burettas we
Part 1: General requirernents,

IS0 3696:1987, Water for analytical laboratory use —
Specification and test methods.

ISC 5667-2:1981, Water quality - Sampling —
Part 2: Guidance on sampling techrigues.

IS0 8107-2:1988, Water quality — Vocabulary
Fart 2.

180 9963-1:1994, Water quality — Determination of
alkalinity - Part 1: Determination of total and com-
posite aikalinity.

IEC 748-2:1982, Expression of performance of
electrochemical analyzers — Part 2: pH value.

3 Definition

For the purposes of this part of 1ISO 9963, the follow-
ing definition applies.

3.1 alkalinity (A} The quantitstive capacity of
aqueous media 1o react with hydrogen ions.
[IS0 8107-2]

I this methoed, the endpoint is chosen in such s way
as o permit the full neutralization of the cerbonate
system.

A= c(HCOZ) + 2¢(COLT) + c(OH™) 4 e(X) ~ e(H")
Usually proton acceptors {X) other than the carbonate

systermn are present in low concentrations and can of-
ten be disregarded. Examples of such buffering sub-
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stances are ammonia, phosphate, and anions of
humic and other organic acids.

4 Principle

Alkalinity is determined by titration with hydrochloric
acid, with simultaneous removal of carbon dioxide. In
this way, a precise endpoint independent of the initial
concentration of alkalinity can be used, The endpoint
preferably needs to be as close 1o neuirality as poss-
ible but still low enough to gllow the removal of car-
bon diexide produced. In this part of SO 9963, the
endpoint is set at pH 5.4, since the pH value can
sasily be determined with the indicator chosen. The
induced systernatic error is corrected by titrating &
blank.

o IS0

5 Reagents
Use only reagents of recognized analytical grade.

Commaercially available, ready-made solutions may be
used.

5.1 Water, grade Z in accordance with 150 3686,
free of interfering concentrations of acid or alkali and
with a conductivity of less than 0,1 mSjm.

5.2 Gas, free from carbon dioxide, nitrogen or al-
rernatively a gas free from carbon dioxide obtained by
passing air through a standing tube filled with soda
lime or ancther compound that absorbs carbon diox-
ide. Then pass the gas through a wash bottle con-
taining watler and subsequently the gas distribution
ube (see figure 1)

Yolume cisout 75 ml

ol e
pLEE = =8
Glass wool
Parosty Z-3
Soda time
ar equivatent
’25;_"_:
Water — j_WWEE
Alr — Fitter funnel
s
Absorption tube wash bottie

Figure 3 — Principle for absorption of carbon dioxide from air



5.3 Mixed indicator pH 5.4.

Dissolve 0,040 ¢ + 0,005g of methyl red and
0,060 g + 0,005 g of bromacresol green in 100 mi of
ethanol {> 80 % (WV)]. Neutralize the solution with
shout 2mil of 0,1 mol)l sodium hydroxide until a
brown colour appears. Check the neutrality of the in-
dicator sotution by titration to endpoint of one sample.
if the brown colour does not remain after the addition
of 10 more drops of the indicator, adjust the pH of the
indicator solution, Stored In an amber glass bottle, the
soiution is stable for at least 6 months.

5.4 Sodium carbonate solution,
c{Na,C0O4) = 0,025 moljl.

Dry sodium carbonate {Na,CQO,} in an oven at
250 *C 4+ 10 °C for 4 k. Allow to cool in & desiccator.
Dissolve 1,3g+ 0.1 g {weighed to the nearest
0,001 g} in water in a 500 mi volumetrie flask,

This solution ks stable for at least cne month if stored
in a refrigerator.

§.5 Hydrochloric acid, ¢(HCI) =~ 0.020 mol/l.

BDilute 1.7 mi £ 0,1 mil of concentrated hydrochloric
acid (p = 1,18 g/ml) to T 000 ml with water in a
volumetric flask.

An equivalent, commaercially available solution can be
used.

Standardize this sclution at least weekly as follows.

Pipette 2,00 ml 4+ 0,02 ml of the sodium carbonats
solution (5.4} into the titration vessel (6.2) and add
40 mi + b ml of water (5.1). Titrate according to the
procaedure using electrodes (see 8.1} or with indicator
{8.2) for the endpoint detection

Perform at least three titrations, and record the vol-
umes {Vy) of hydrochioric acid consumed. The differ-
ence between the highest and lowest volume of
hydrochloric  acid consumed shall be less than
0.05 ml. Continue until three consecutive titrations
give the required resuit. Using 50 mi + % ml of water
(8.1}, carry out a blank determination in the same
manner and note the volume Yy, in millilitres, of acid
consurmed.

Calculate the concentration of the hydrochicric acid
using the eguation
2mv,

eHCh = 53.00(V, — V)

ISO 9963-2:1994(E)

where

c(HCh i5 the concentration, expressad in
moles per litre, of the hydrochloric
acid solution (5.6);

m is the mass, in grams, of sodium
carbonate taken for the preparation
of solution 5.4;

Vs is the volume, in millilitres, of sodium
carbonate solution (5.4) taken for
titration (normally 2,0 mi);

Vy is the volume, in millilitres, of
hydrochloric acid solution (8.8} con-
sumed in the titration of the sodium
carbonate solution (5.4},

Vyq 5 the volume, in millilitres, of

hydrochloric acid solution {£.5) con-
sumedl in the blank titration.

& Apparatus

Usual laboratory equipment and, in particular, the fol-
lowing should be used.

6.1 Buretie, preferably of total capacity 10 ml,
graduated in divisions of 0,02 ml, and conforming to
the requirements of iSO 385-1.

6.2 Titration vessel, use either a glass filter funnel
with @ porosity of 2-3 and a volume of about 75 mil
or a gas distribution tube for dipping into the titration
vessel (an Erlenmeyer flask with a wvolume of
100 ml).

€.3 pH-meter, with & compatible electrode system
sultable for the measurement of pH 1o within
+ 0,06 pH units over the range 3 to 10, for use when
the endpoint determination is to be made using a
pH-meter. The equipment shall be set up, calibrated,
and used according to 1EC 746-2.

Alternatively, a titrator fulfilling these specifications
can be used.

7 Sampling and sample treatment

Collect samples in clean polyethylene or borosiiicate
glass bottles with a volume of at least 100 ml. Fill the
bottle completely with the sample and insert the
stopper so that no air remains inside the bottle, Ana-
lyse the samples immediately after collection. If this
iz not possible, store the samples at a temperature
of 4 °C to 8 °C in order to avoid nitrification or scaling.
(See 1SO 5667-2.)



ISO 9963-2:1994{E)

8 Procedure
Mount the compenents according to figure 1.

NOTE 1 Coloured samples interfere with the indicator
endpoint determingtion. Such samples should be analysed
using 2 pH-meter.

8.1 Endpoint detection with a pH-meter

Set the gas flow 15.2) to the titration vesse! (8.2) at a
rate that produces abundant bubbles and transfer
50,0 ml + 0,1 ml of sample {volume V,) to the vessel.
insert the pH electrodes and titrate slowly with
hydrochloric acid (5.5) to a pH value of 54. The pH
vaiug has to be stable for at least 30 s, if not continue
the titration. Note the volume Vg, in millilitres, of acid
consumed.

I¥ the volume of acid consurned exceeds 10 ml, take
a smaller volume of the sample (V) and dilute to
50 il + 5 mi with water {5.1}). In this case, the vol-
ume of acid consumed shall be not less than 3 mi

8.2 Endpoint detection with indicator

Set the gas flow {5.2) to the titration vessel (6.2) at a
rate that produces abundant bubbles and transfer
50,0 mk & 0,1 ml of sample {volume V) to the vessel.
Add three drops of indicator and titrate slowly with
hydrochioric acid (5.5} until the colour changes to grey
with a trace of red. The colour has to remain for at
least 30 s, if not continue the titratiocn. Note the vol-
ume Vg, in millilitres, of acid consumed.

If the volume of acid consumed exceeds 10 ml, take
a smaller portion of the sample and dilute to
5O mi £ 65 mi with water (5.1} In this case, the vol
ume of acid consumed shalt be not less than 3 mil.

8.3 Blank sample
Titrate 50 mil of water (5.1} in the same way as for the

sample. Perform at least three titrations and calculate
the mean value (volume Vg,

9 Expression of resulis

9.1 Calculation

Calculate the concentration of alkalinity, expressed in
millimoles per fitre, using the aquation

© IS0

c(HC Vg — V) x 1 000

A= v,

wherg

A is the alkalinity of the sample, ex-
pressed in millimeles per fitre;

c(HC) is the concentration, expressed in
moles per litre, of the hydrochioric
acid {5.5);

Vi is the volume, In millilitres, of the
sample;

Vs is the wvelume, in millilitres, of
hydrochloric acid (5.5) consumed by
the sampie;

Vg s the wvolume, in  millilitres, of

hydrochloric acid (5.5) consumed by
the blank sample (8.3).

Report the result, expressed in millimoles per litre, to
wo significant digits.

9.2 Precision

Two interlaboratory tests performed in 1888 and 1992
gave the results shown in table 1.

in two international interiaboratory calibrations this
method was used by one laberatory, with the results
shown in table 2.

At one keboratory, a control solution with a concen-
tration of 0,200 mmoll gave a mean valus of
0,201 mmolfl and a coefficient of variation of 20 %
tnumber of measuring values == 48},

10 Test report

The test report shall include the following information:
a} a reference to this part of IS0 8863;

b} precise identification of the sample;

¢} the resuit, expressed in millimoles per litre {6 two
significant digits;

¢} the endpoint detection usead;
a} any departure from the procedure specified or any

other circumstance that may have affected the
results,
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Table 1 — Precision data

1SC 9963-2:1994(E)

Mean Coefficient of
Number of Number of
Type of water Reference laboratories outliers concentration variation

mmaoljt %o
70 2 2,984 3.8
Dreinking water SNY 3835 6592 3 4,480 3.6
69 4 {,933 4,0
100 2 1,142 3.4
101 ) 0,884 34
Natural water IT™M 1983 100 1 1406 30
101 1 1,188 3.5

Table 2 — Comparison of results using this method with other methods for the determination of

alkalinity
Type of water Reference Number ?f Numi::er of Concentration, mmaoijl
laboratories outliers This miethod Al methods

G108

Sample A NiVA 1931 20 1 0,298 0,30C
Sample B 20 1 0,358 3,358
8206

Sample A NIVA 1992 20 13 0,042 0,047
Sarmple B 20 13 0,181 0,155
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Annex A
{informative)

® 180

Information on factors for the conversion of alkalinity values to alternative

units

Adkalinity values may be expressed in alternative units. Factors for the conversion from millimoles per litre are

given in table A1,

Table A1
Alternative unit for the sxpression of .
resuls Conversion factor
mmolfl CaCO, 0,60
mg} CaCOy 50
English degree {= 1 Clark degree) 3,60
German degree 2,80
French degree 5,0
U.S. degree 2,90
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Annex B
(informative)

Bibliography
[1] Convention on long-range transboundary air pol- [4] ITM 1993. Comparison of testing 1992-1. lon
kution, intercalibration 9108, Frogramme Centre, balance. (In Swedish with English summary.)
Norwegian Institute for Water Research, Oslo. Institute of Applied Environmental Research,

University of Stockholm, Sweden.
[2] Conwvention on long-range transboundary air pol

lution, Intercalibration 9208. Programme Centre, [61 6NV 3536, Intercalibration 1688-1. Chermical
Norwegian Institute for Water Research, Uslo. analysis of drinking water. {In Swedish with
English summary.} Swedish National Environ-

[3] Stumm, W, and MGORGAN, JJ.J. Aguatic Chemis- mental Protection Agancy.

try. J. Wiley (1987).



IS0 9963-2:1994(E) © 150

ICS 13.060.40

Dascriptors: water, quabty, water fesis, chemizal analysis, determunation, alkalinity, wolumetric analysis.

Price basad on 7 pages




