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IMPORTANT NOTE. It is essential that this Part be read in conjunction with the information in Part 100 of this standard, ‘Foreword,
scope and general requirements’, which is published separately.
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BS 2690 : Part 109 : 1984

0. Introduction

This Part of BS 2690 supersedes BS 2690 : Part 5 : 1967,
which is withdrawn. The methods for determining
alkalinity, acidity and pH value are technically identical
with those in the previous edition, but the method for
determining carbon dioxide has been improved.

1. Scope

The methods described are for the determination,

in industrial waters, of alkalinity and acidity (potentiometric
titration), pH value (electrometric measurement) and total
carbon dioxide (gas stripping and titrimetry).

NOTE. The titles of the publications referred to in this standard are
listed on page 7. .

2. General

All natural waters contain the ions H*, HCO; =, CO3~~ and
OH™, and the molecule H, CO;, coexisting in equilibrium,
The total carbon dioxide in a natural water is equilibrated
between the total cations, the carbonic acid and the
undissolved carbon dioxide. A buffer system is set up
between the carbonic acid and the hydrogen carbonate ion
such that a particular pH value can be attained by various
respective concentrations of carbonic acid and hydrogen
carbonate, provided that the ratio between them is constant.

The first dissociation constant, K, , of carbonic acid is given
by:

. [H*] [HCO;7]
Kl e
[H,CO;)
fog K, =log [H*] + log [HCO;7] - log [H,CO5]
- log [H*] =- log K, + log [HCO5"] - log [H,CO5]
pH = pK, - p[HCO;7] + p[H,CO;]

A nomograph based on this relationship is given in
appendix A. It can be used to check the analyses of natural
waters or to enable the analyst to calculate, for example,
the free carbon dioxide content of a water from a sample
that is only sufficient to determine the pH and alkalinity.
The nomograph should be used with caution as other ions
and organic matter in the sample may have some influence
on the practical results.

When a natural water is chemically treated, other ions such
as PO, 3" are introduced with the result that the pH can
exceed 8.3 and no suitable nomograph can be constructed
to cover all these ions.

Occasionally, natural waters are poliuted with acids,

and then the pH may be below 4.5. The effluent from a
hydrogen ion exchange unit will also contain free mineral
acidity in proportion to the anions present in the natural
waters.

3. Alkalinity

3.1 Range. From 0.2 mg to 50 mg, expressed as CaCO3,
in a test portion not exceeding 100 mL.

3.2 Principle. The alkalinity is determined at one or two

equivalence points by automatic or manual potentiometric
titration. If the pH of the sample is above 8.3, there will be
two equivalence points, at approximately 8.3 and approxi-
mately 4.5. Otherwise, only the lower value will be obtained.

3.3 Reagents
3.3.1 Water, free from carbon dioxide.

3.3.2 Sulphuric acid, standard volumetric solution,
c(H,S04) = 0.01 mol/L*, free from carbon dioxide.

3.4 Apparatus

3.4.1 pH meter, with glass electrode and reference electrode
complying as appropriate with BS 2586 or BS 3145.

3.4.2 Titration assembly, with stirring mechanism and
burette, or an automatic titrator.

3.5 Procedure

3.5.1 General. If a manufactured automatic titrator is used,
the instrument shall be operated in accordance with the
manufacturer’s instructions. If an automatic titrator is
assembled in the laboratory, by uniting a slow injection
apparatus with a pH meter and a millivolt recorder,

the injection motor and the recorder chart drive shall start
simultaneously.

. 3.5.2 Manual method. Measure a suitable volume of the

sample (see 3.1) into the vessel of the titration assembly.
If the volume of this test portion is less than 100 mL,
dilute to 100 mL with the water (3.3.1). Place the electrode
assembly into position and titrate the test portion with the
sulphuric acid solution (3.3.2), stirring gently during the
addition. Take frequent readings from the burette and of
the corresponding pH values. Plot the titration curve and
obtain from it the equivalence point or points, which will
be at 8.3 or 4.5, or both, Take the equivalence point or
points as the middle of the steepest portion or portions of
the titration curve.

NOTE. These may be obtained more accurately by the differential
method, in which a second curve is plotted using the changes in pH
per unit volume of titrant as the ordinates and the volumes of

titrant as the abscissae. A peak is obtained which corresponds to an
equivalence point.

3.5.3 Automatic method. Fill the injection apparatus with
the sulphuric acid solution {3.3.2). Measure a suitable _
volume of the sample (see 3.1) into a suitable vessel, If the
volume of this test portion is less than 100 mL, dilute it to
100 mL with the water (3.3.1).

Place the electrode assembly into position and simul-
taneously start the injector motor and the recorder chart
drive, Stop the injector motor and the recorder chart drive
when the pH has fallen to approximately 3.0.

Remove the chart and take the equivalence point or points
as the middle of the steepest portion or portions of the

titration curve.

NOTE. These may be obtained more accurately by the differential
method described in the note to 3.5.2; instruments are available for
drawing the derived curve directly.

3.6 Calculation

3.6.1 The alkalinity to pH(a), often known as phenol-
phthalein alkalinity, in milligrams of CaCO; per litre,
is given by:
V; x 1000
Vo
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where

V, is the first volume of the sulphuric acid solution
(3.3.2) used for the titration (in mL);

V, is the volume of the test portion (in mL).
NOTE. pH(a) is the pH (of the order of 8.3) at the equivalence
point obtained from the titration curve if the test portion before
titration has a pH higher than 8.3.
3.6.2 The alkalinity to pH(b}, often known as methyl
orange alkalinity, in milligrams of CaCO; per litre, is given
by:

V, x 1000

Vo

where

V, is the total volume of the sulphuric acid solution
(3.3.2) used for the titration (in mL);

V, is the volume of the test portion (in mL).

NOTE. pH(b) is the pH (of the order of 4.5) at the equivalence
point obtained from the titration curve if the test portion before
titration has a pH lower than 8.3. :

3.6.3 The actual pH values (a) and (b) shall be reported.

4. Acidity

4.1 Range. Up to 50 mg, expressed as CaCO;,, in a test
portion not exceeding 100 mL.

4.2 Principle. If the sample contains no alkalinity, it is
titrated potentiometrically using standard sodium hydroxide
solution. The method is the same as that used for
determination of alkalinity (see clause 3).

The acidity is determined at one or two equivalence points.
1f the pH of the sample is below 4.5, there will be two
equivalence points, at approximately 4.5 and approximately
8.3; otherwise, only the higher value will be obtained.

4.3 Reagents
4.3.1 Water, free from carbon dioxide.

4.3.2 Sodium hydroxide solution, c(NaOH) = 0.02 mol/L*,
free from carbonate. )

4.4 Apparatus

4.4.1 pH meter, with glass electrode and reference electrode,
complying as appropriate with BS 2586 or BS 3145.

4.4.2 Titration assembly, with stirring mechanism and
burette, or an automatic titrator.

4.5 Procedure

4.5.1 General. If a manufactured automatic titrator is used,
the instrument shall be operated in accordance with the
manufacturer’s instructions. If an automatic titrator is
assembled in the laboratory, by uniting a siow injection
apparatus with a pH meter and a millivolt recorder,

the injection motor and the recorder chart drive shall start
simultaneously.

4.5.2 Manual method. Measure a suitable volume of the
sample (see 4.1) into the vessel of the titration assembly.

If the volume of this test portion is less than 100 mL, dilute
to 100 mL with the water (4.3.1). Place the electrode
assembly into position and titrate the test portion with the
sodium hydroxide solution (4.3.2), stirring gently during
the addition, Take frequent readings of the burette and of
the corresponding pH values, Plot the titration curve and
obtain from it the equivalence point or points, which will
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be at 4.5 or 8.3, or both, Take the equivalence point or
points as the middle of the steepest portion or portions of
the titration curve.

NOTE. These may be obtained more accurately by the differential
method, in which a second curve is plotted using the changes in pH
per unit volume of titrant as the ordinates and the volumes of
titrant as the abscissae. A peak is obtained which corresponds to an
equivalence point.

4.5.3 Automatic method. Fill the injection apparatus with
the sodium hydroxide solution (4.3.2). Measure a suitable
volume of the sample (see 4.1) into a suitable vessel. If the
volume of this test portion is less than 100 mL, dilute it to
100 mL with the water (4.3.1).

Place the electrode assembly into position and simul-
taneously start the injector motor and the recorder chart
drive. Stop the injector motor and the recorder chart drive
when the pH has risen to approximately 9.5,

Remove the chart and take the equivalence point or points
as the middle of the steepest portion or portions of the
titration curve.

NOTE. These may be obtained more accurately by the differential
method described in the note to 4.5.2; instruments are available for
drawing the derived curve directly.

4.6 Calculation
4.6.1 The acidity to pH(a), often known as free or mineral
acidity, in milligrams of CaCO; per litre, is given by:
V,; x 1000
Vo
where
V, is the first volume of the sodium hydroxide solution
{4.3.2) used for the titration (inmL);
Vo is the volume of the test portion (in mL).
NOTE. pH(a) is the pH (of the order of 4.5) at the first equivalence
point obtained from the titration curve.
4.6.2 The acidity to pH(b), often k_nown as total acidity,
in milligrams of CaCO, per litre, is given by:

V3 x 1000
Vo
where

V; is the total volume of the sodium hydroxide solution
(4.3.2) used for the titration (in mL);

V, is the volume of the test portion (in mL).

NOTE. pH(b) is the pH (of the order of 8.3) at the second
equivalence point obtained from the titration curve. This second
equivalence point indicates carbon dioxide and other weak acids.
The carbon dioxide may be removed by aeration, but there is then
some risk of losing other volatile acids.

4.6.3 The actual pH values (a) and (b) shall be reported.

5. pH value

5.1 Principle. The electrometric measurement of pH value
is made by means of a cell consisting of a suitable glass
electrode and reference electrode. The potentials produced
by this cell system are measured by a potentiometric type
of pH meter, whereby the electromotive force (e.m.f.)
produced by the electrode system is indicated by the scale
reading of a calibrated potentiometer, a suitable null point
detector being used. The scale may be calibrated in terms of
either e.m.f. or pH units, or both.
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