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INTERNATIONAL STANDARD

1SO 7393/3-1986 (E)

Water quality — Determination of free chlorine and total

chlorine —

Part 3: lodometric titration method for the determination

of total chlorine

0 Introduction
ISO 7393 gonsists of the following parts:

Part 1] Titrimetric method using N,N-diethyl-1,4-phenyl-
enediarine.

Part 2:| Colorimetric method using N,N-diethyl-1,4-phenyl-
enediamine for routine control purposes.

Part 3:[lodometric titration method for the determination of
total chlorine. . .

1 Scope and field of application

This part ¢f 1ISO 7393 specifies an iodometric titration method
for the determination of total chlorine in water.

The method is applicable for the measurement of concentra-
tions, in terms of chlorine (Cl,), from 0,01 to 0,21 mnjol/I (0,71
to 156 mg/|).

Several substances interfere in the (determination (see
clause 10)

In annex B a method for direct titration is specified. The direct
titration method is usually applied to the determination of
chlorine cpncentrations above 7' umol/l (0,5 mg/l} in treated
drinking water.

2 References

ISO 5667, |Water quality — Sampling

3.2 combined chiorine: Therfraction of total chlorine
present in the form of chloraminesand organic thloramines.

3.3 total chlorine: Chlorine present in the form of “free
chlorine’”” or “combined’chlorine’’ or both.

3.4 chloramines: Derivatives of ammonia by qubstitution of
one, two on three hydrogen atoms with chlorine atoms
(monochloramine NH,Cl, dichloramine NHCI,, [and nitrogen
trichloride."NCl3} and all chlorinated derivativgs of organic
nitrogen compounds.

Table 1 — Terms and synonyms in relation to actual
compounds in the solution

Term Synonym Compounds

Active free
chlorine

Elementa) ‘chlorine,

Free chlorine | Free chlorine hypochlopous acid

Potential free |Hypochigrite
chlorine’

Elementa] chiorine,
hypochlofous acid,
hypochiorite,
chloramines

Total residual chlorine

Total chlorine

4 Principle

Reaction in acid solution of total chlorine and potassium iodide
with liberation of free iodine. Instantaneous requction of the
iodine by a known excess of thiosulfate standard solution

— Part 1: Guidance on the design of sampling program-

mes.

—  Part 2: Guidance on sampling techniques.

3 Definitions (see table 1)

For the purpose of this part of ISO 7393, the following defi-
nitions apply.

3.1 free chlorine: Chlorine present in the form of
hypochlorous acid, hypochlorite ion or dissolved elemental
chlorine.

previously added to the solution. Titration of the unreacted
thiosulifate with potassium iodate standard volumetric solution.

b Reagents

During the analysis, use only reagenfs of recognized analytical
grade, and only water as specified in 5.1.

5.1 Water, free from chlorine and reducing substances.

Demineralized or distilled water of which the quality is checked
as follows.
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Into two 250 m! chlorine-demand free conical flasks (see
clause 6) place, in order,

a) in the first: 100 ml of the water to be checked, and
about 1 g of potassium iodide (5.2}, 2 ml of phosphoric acid
{(5.3) and 1 ml of starch solution (5.6);

b) in the second: 100 ml of the water to be checked,
about 1 g of potassium iodide (5.2}, 2 mi of phosphoric acid
(5.3} and 1 ml. of starch solution (5.6). Add 10 drops of
0,1 g/I sodium hypochlorite solution (obtained by dilution
of commercial concentrated sodium_hypochlorite solution

The actual concentration, ¢4, expressed in millimoles per litre,
of the sodium thiosulfate solution is given by the equation

V2 Cy

¢ =
Vi

where
¢y is the concentration, expressed in millimoles per litre,

of the potassium iodate standard volumetric solution
[c{1/6 KIOz) = 10 mmol/l];

of which tie concentration is determined iodometrically}.

No coloration|shall appear in the first flask when the water is
free from chiorine. In the second flask a light blue colour shall
appear.

In the case of
desired quality
followed by {
checked.

A procedure f¢
in annex A.

demineralized or distilled water not having the
, it must be chlorinated. After a period of contact
echlorination the quality finally has to be re-

r chlorination followed by dechlorination is given

5.2 Potassium iodide (KI) crystals.

5.3 Phosphoric acid (H3P0O,) solution, about 0,87 mol/I.

Dissolve 64 m

of phosphoric acid {o = 1,69 g/ml) in water,

cool and dilutg to 1 000 mi.

5.4 Potassium iodate, standard volumetric solution,

c(1/6 KIOg) =

Weigh, to the
iodate. Dissol

10 mmol/I.

nearest milligram, about 0,36 g of dry potassium
e in water in a 1 000 ml one,mark volumetric

“flask, make up to the mark with water and-mix!

5.5 Sodiun
C(N325203' 5H

thiosulfate, standard, volumetric solution,
1,0) = 10 mmol/I.

5.5.1 Prepatation

Dissolve 2,48
ina 1000 ml
with water an

y of sodiumthiosulfate in about 250 ml of water
bne-mark-volumetric flask. Make up to the mark
H mix:

V, is the volume, in millilitres, of sodium thiosnLIfate solu-
tion (5.5.1) used for the standardization (V4= 10 ml};

V, is the volume, in millilitres, of potassium igdate stan-
dard volumetric solution used in_the;titration.

5.6 Starch, 5 g/l solution, .or similar commercial findicator.

6 Apparatus

Usual laboratory ‘eguipment and
Burette, with fine tip, permitting the delivery| of about
30 drops/ml, measuring up to 25 ml, graduated in divisions of
0,05\ml;

NOTE ON PREPARATION OF GLASSWARE
Chlorine-demand free glassware is obtained by filling with

0,1 g/I sodium hypochlorite then, after 1 h, rinsing thoroughly
with distilled water and with water free from chioring-demand.

7 Sampling and samples

See ISO 5667/1 and 1SO 5667/2.

8 Procedure

8.1 Test portion

Start determinations immediately after taking samples. At all
times avoid bright light, agitation and heat.

5.5.2 Standardization

Standardize the solution daily, or immediately prior to use, as
follows.

Place 200 mi of water (5.1} in a 500 ml conical flask. Add about
1 g of potassium iodide (5.2) and then introduce, by means of a
pipette, 10,0 ml of sodium thiosulfate solution (5.5.1) for stan-
dardization, 2 ml of phosphoric acid (5.3) and 1 ml of starch
solution (5.6). Titrate immediately with the potassium iodate
standard volumetric solution (5.4) until the appearance of a
blue coloration persisting for at least 30 s occurs. Note the
volume of iodate consumed.

Take a test portion of volume not greater than 200 ml and con-
taining not more than 0,21 mmol/l {156 mg/l) of total chlorine.
If the amount of total chlorine is expected to exceed this con-
centration, dilute the sample with water (5.1) and take a test
portion of a volume not exceeding 200 ml.

8.2 Determination

Place the test portion (8.1) in a 500 ml conical flask. Add, by
means of a pipette, 10,0 ml (V) of sodium thiosuifate standard
volumetric solution (5.5) then, in order, about 1 g of potassium
iodide (5.2), 2 ml of phosphoric acid (5.3) and 1 ml of starch
solution (5.6).
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Titrate immediately with the potassium iodate standard
volumetric solution (5.4) until the appearance of a blue
coloration persisting for at least 30 s occurs. Note the volume
of iodate consumed (V).

9 Expression of results

9.1 Calculation

The total chlorine concentration, c¢(Cl,), expressed in millimoles

ISO 7393/3-1986 (E)

v

deviation was 5,2 %. With polluted waters poorer precision
was obtained. Taking for example the case of river water con-
taining c(Cly) = 4,2 pmol/I [@(Cly) = 0,30 mg/I] total chlorine
the relative standard deviation was 9,7 %.

Results from direct titrations published by the Department of
the Environment!?! are based upon data obtained using
potassium iodate standard volumetric solution equivalent to the
stated chlorine concentrations. These data showed for an
equivalent total chlorine concentration of c(Cl,) = 28,2 pumol/i
[e(Cl,) = 2 mg/l], relative standard deviations of 2,2 % to

per litre, [§ given by the equation

V4C1 - V3C2

(Cly)
2 2 ¥,

where
¢y is|the actual concentration, expressed in millimoles per

litre, ¢f the sodium thiosulfate standard volumetric solution
(5.5);

Vo 1§ the volume, in millilitres, before ditution (if any) of
the test portion (8.1);

V3 i$ the volume, in millilitres, of the potassium iodate
standard solution (5.4) used in the titration (8.2);

V4 i3 the volume, in millilitres, of sodium thiosulfate stan-
dard yolumetric solution (5.5) used in the titration according
10 8.3{V, = 10 mi).

The amolunt-of-substance concentration may be convertéd to
the masznconcentration, o(Cly), expressed in milligrams per
litre, by means of the equation

o(Cly)l = M ¢(Cly)

where M is the molecular mass, expressed)in grams per mole,
of chlorime (M = 70,1 g/mol).

9.2 Ripeatability and reproducibility
O

In the following, only figures from the direct titration method
are presgnted.

The USA-EPA <Environmental Monitoring and  Support
Laboratdry ['vevaluated the direct iodometric titration method
using pHenylarsine oxide as the standard reducing agent in
place of sodium thiosulfate

7 9L
70

to different laboratoriess have produced unfeliable results
because of a general instability of solutions containing free and
combined chlorine. More recently it has been found by the
Quality Assurance Branch of EMSL-Cincinnati|¥ that a sealed
vial of sodium/hypochlorite in very pure watelr is remarkably
stable wheh. stored in the dark inside a mailing tube. Subse-
quent evaluation by various US federal and state laboratories
has preduced analytical parameters for methodp in current use
as shown in table 2.

10 Interferences

Oxidation of iodide to iodine is not caused|specifically by
chlorine. Depending on the concentration and the chemical
potential the oxidation is effected by all oxidizing agents.
Therefore the method is only applicable in the apsence of other
oxidizing substances, in particular bromine, iodine,
bromoamines, iodoamines, ozone, hydrogen |peroxide, per-
manganate, iodate, bromate, chromate, chlorine dioxide,
chlorite, oxidized manganate, nitrite, iron(lil} jons, copper{ll)
ions and manganese(lll} ions.

11 Test report
The test report shall include the following infofmation:

a) a reference to this part of 1ISO 7393;

b) all information necessary for the complgte identification
of the sample;

For distilled water sam‘ples at concentrations of ¢(Cl,) = 3,5;
and 56,7 umol/l [p(Cl,} = 0,25; and 4,02 mg/|] total chlorine,
the relative standard deviations were 0,23 % and 0,76 % re-
spectively. Using drinking water containing c(Cl,) = 9,6 pmol/|
[o(Cly} = 0,68 mg/i] total chlorine, the relative standard

c) the results and the method of expression used;

d) details of any operations not included in this part of
1SO 7393 or regarded as optional, together with any cir-
cumstances that may have affected the results.
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Table 2 — Analytical parameters from interlaboratory analysis for free chiorine

C(C‘:)rue valuge( Cly) Meth?;:l .::;::g,;i Mean Standard deviation
code™ | (observa- | )/ mg/| umol/! mg/|
Hmol/1 mg/| tions)
7 0,50 A 3 9,2 0,65 5.1 0,36
B 6 6,2 0,44 1,3 | 009
C 7 6,8 0,48 18 0,13
D 2 6,2 0,44 2,7 0,19
11,3 0,80 A 4 11,8 0,84 14 0,10
B 10 10,9 0,77 T, 0,08
c 14 1,1 0,79 4,1 0,29
D 6 11,6 0,82 1,3 0,09
15,5 1,10 A 4 15,9 1,13 16 0,11
B 10 15,5 1,10 2,0 0,14
o 14 16,2 1,15 5,5 0,39
D 6 16,5 1,17 1,1 0,08
18,2 1,29 A 4 18,8 1,33 1072 0,72
B 6 18,6 1,32 1,3 0,09
c 7 19,9 1,41 54 0,38
D 2 20,0 1,42 0,6 0,04
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Annex A

Preparation of chlorine-demand free water

(This annex forms part of this Standard.)

To obtain dilution water of the desired quality, demineralized or distilled water is first chlorinated to a level of about 10 mg/l and
stored in a well-stoppered carboy for at least 16 h. The water is then dechlorinated by exposure to UV irradiation for at least half an
hour or to direct sunlight for several hours. Finally check the quality using the procedure specified in 5.1.
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