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INTERNATIONAL STANDARD

1SO 7393/1-1985 (E)

Water quality — Determination of free chlorine and

total chlorine —

Part 1: Titrimetric method using
N, N-diethyl-1,4-phenylenediamine

0
ISO 7393

Intrqduction
Consists of the following parts:

Part 1
N,N-di

Titrimetric method using
bthyl-1,4-phenylenediamine.

Part 2:| Colorimetric method using
N, N-digthyl-1,4-phenylenediamine, for routine control
purposes.

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

1 Scope and field of application

This part |of 1SO 7393 specifies a titrimetric method for the
determination of free chlorine and total chlorine in water

and waters containing bromides and iodides com-
up for which special procedures are required. 2!

Sea wate
prise a grqg

The metHod is applicable to concentrations, in terms of
chlorine (Cl,), from 0,000 4 to 0,07 mmol/I" (0,03 to 5 mg/I)
total chlorine and at higher concentrations by dilution of
samples. For concentrations abové 0,07 mmol/I, ISO 7393/3
can also He used.

A\ a procedure is ¢resented for the differentiation of
chlorine of the~monochloramine type, combined
the dichloramine type and combined chlorine in the

trogen trichloride.

In annex

combined
chlorine o
form of n

bmpounds influence the determination specified in
f ISQ 7393. Interferences are noted in clauses 7 and 9.

Several ¢
this part o

2 Definitions (see table 1)

For the purpose of this part, of)ISO 7393, the f
tions apply.

2.1 free chlorine:)Chlorine present in
hypochlorous acid}. hypochlorite ion or diss
chlorine.

2.2 combined chlorine: The fraction off
present:in the form of chloramines and organi

2.3, ‘total chlorine: Chlorine present in thg
chlorine’’ or ““‘combined chlorine’’ or both.

2.4 chloramines: Derivatives of ammonia b
one, two or three hydrogen atoms with
(monochloramine NH,CI, dichloramine N
trichloride NCl3) and all chlorinated derivati

ollowing defini-

the form of
lved elemental

total chlorine
L chloramines.

form of ‘““free

substitution of
chlorine atoms
iCl,,  nitrogen
ves of organic

nitrogen compounds as determined by the method specified in

this part of ISO 7393.

3 Principle

3.1 Determination of free chlorine

Direct reaction with the WN,N-diethyl-1,4-pHenylenediamine

(DPD) and formation of a red compound at pH
tion by means of a standard solution of am
sulfate to the disappearance of the red colour,

3.2 Determination of total chlorine

Reaction with DPD in the presence of an exce|
iodide then titration as in 3.1.

5,2 to 6,5. Titra-
monium iron(ll)

rs of potassium

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

Term Synonym Compounds
Active free Elemental chlorine,
chlorine hypochlorous acid

Free chlorine Free chlorine

Potential free
chlorine

Hypochlorite

Total chlorine

Total residual chlorine

Elemental chlorine,
hypochlorous acid,
hypochlorite, chloramines

1) At present at the stage of draft.
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4 Reagents

During the analysis, use only reagents of recognized analytical
grade, and only water as specified in 4.1.

4.1 Water, free from oxidizing and reducing substances.

Demineralized or distilled water of which the quality is checked
as follows.

Into two 250 ml chlorine-demand-free conical flasks (clause 5)

Store the reagent in a dark bottle protected from heat.

Renew the solution after 1 month or when it becomes
discoloured.

4.4 Potassium iodide, crystals.

NOTE — Reagents 4.2, 4.3 and 4.4 may be conveniently replaced by
combined reagents commercially available in the form of stable powder
or tablets.

place, in order,

a) in the first: 100 ml of the water to be checked and
about 1 g of gotassium iodide (4.4); mix and after 1 min add
5 ml buffer s¢lution (4.2) and 5,0 ml of DPD reagent (4.3);

b) in the segond: 100 ml of the water to be checked and
two drops of podium hypochlorite solution (4.8); then, after
2 min, 5,0 m| of buffer solution (4.2) and 5 ml of DPD
reagent (4.3)

No coloration sTould appear in the first flask whereas it is
essential that a [light pink coloration appears in the second
flask.

In the case of d
desired quality it
followed by d¢

bmineralized or distilled water not having the
must be chlorinated. After a period of contact
chlorination the quality finally has to be

rechecked.

A procedure for|the preparation of water free from oxidizing
and reducing sulpstances is given in annex B.

4.2 Buffer solution, pH 6,5.

Dissolve in watef (4.1) in this order: 24 g anhydrous, disodium
hydrogen phosphate (Na,HPO,) or 60/6-g." of the
dodecahydrate form (Na,HPO,4-12H,0) and 46 g-of potassium
dihydrogen phosphate (KH,PO,4). Add 100,ml o6f 8 g/I disodium
dihydrogenethylgnedinitrilotetraacetate ~dihydrate (disodium
EDTA dihydrate] CqqH14N,0gNa,-2H,0)-solution (or 0,8 g of
the solid form).

If necessary, adf 0,020 g of \mercury(ll) chloride (HgCl,), to
prevent mould Towth and, interference in the free available
chlorine test cayised by“any trace amounts of iodide in the
reagents.

c[(NH4),Fe(S04),-6H,0] = 0,056 mol/I.
4.5.1 Preparation of the solution

Dissolve 22 g of ammonium iron(ll))~Sulfate hexahydrate
(Mohr’s salt) in about 250 ml water){4.1) contairing 5 ml
sulfuric acid (o = 1,84 g/ml) “lin~"a 1000 ml pne-mark
volumetric flask. Make up to the,mark with water and mix.

Store in a dark bottle.

Standardize this solution by means of the procedurg given in
4.5.2, when required for use, or daily if large numberq of deter-
minations have to be done.

4.5.2 Standardization of the solution

Place ih a 2560 ml conical flask, 50,0 ml of the stock solution
(4:5:1), about 50 ml water (4.1), 5 ml orthophospHhoric acid
(0 = 1,71 g/ml) and 4drops of barium diphgnylamine
sulfonate indicator (4.9). Titrate with potassium dichromate
solution (4.10). The end-point is reached when one frop pro-
duces an intense purple coloration which remains unchanged
after further addition of the potassium dichromate|solution.
The concentration, ¢4, expressed in millimoles of Cl, per litre, of
this solution is given by the equation

where
cy is the concentration of the potassium dichromate

standard reference solution (4.10),
¢(1/6 K,Cry04) = 100 mmol/I;

Vi is the volume, in millilitres, of ammoniuT iron(ll)

Dilute to 1 000 nandTmix:

NOTE — Solutions containing mercury should be disposed of properly
(for example a method is specified in ISO 5790, /norganic chemical pro-
ducts for industrial use — General method for determination of
chloride content — Mercurimetric method).

4.3 N,N-diethyl-1,4-phenylenediamine sulfate (DPD)
[NH,-CgH4-N(C,H5)2-H,S 0], solution, 1,1 g/l.

Mix 250 ml water (4.1), 2 ml sulfuric acid (0 = 1,84 g/ml) and
25 ml of 8 g/I disodium EDTA dihydrate solution (or 0,2 g of
the solid form). Dissolve in this mixture 1,1 g of anhydrous
DPD or 1,5 g of the pentahydrate form, dilute to 1 000 mi and
mix.

V, is the volume, in millilitres, of the potassium
dichromate standard reference solution (4.10) used in the
titration.

NOTE — When V, becomes less than 22 ml, prepare a fresh stock
solution (see 4.5.1).

4.6 Ammonium iron(ll) sulfate, standard volumetric sol-
ution, c[(NH4),Fe(SO4),-6H,0] = 2,8 mmol/I.

Place 50,0 ml of the freshly standardized stock solution (4.5.1)
in a 1 000 ml one-mark volumetric flask. Make up to the mark
with water (4.1) and mix.
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Transfer to a dark bottle.

Prepare this solution when required for use, or daily if large
numbers of determinations have to be done.

The concentration, c3, expressed in millimoles of Cl, per litre, of
this solution is given by the equation

€
C = e
T 0

1ISO 7393/1-1985 (E)

6.2 T

Take two test portions, each of 100,0 ml. If the concentration
of total chlorine exceeds 70 umol/l (5 mg/l) it is necessary to
take a smaller volume of test sample and to dilute with water
(4.1) to 100,0 ml.
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Place rapidly in a 2560 ml conical flask in this order: 5,0 ml of
buffer solutnon (4.2), 5 0oml of DPD reagent (4.3) and the first

where ¢4 L as defined in 4.5.2.

4.7 Sodium arsenite (NaAsO,), solution, 2g/l; or
thioacetgmid e(CH3CSNH2) solution, 2,5 g/I.
4.8 Sodium hypochlorite, solution [0{Cl,) about 0,1 g/i]

Prepare by dilution of concentrated commercial sodium
hypochlorjte solution.

4.9 Barjum diphenylamine sulfonate, indicator solution,
3g/l

Dissolve (,3 g barium diphenylamine sulfonate
e L KL

o

l\berls'l‘ll' '\.:6"4'0\.13’200] ;ll IW llll water.
4.10 Pgtassium dichromate, standard reference solution;
cl1/6 K,Cr,04) = 100 mmol/i

Weigh, tp the nearest milligram, 4,904 g of .anhydrous
potassium] dichromate. Dissolve in water in a 17000 ml one-
mark volumetric flask. Make up to the mark with water and
mix.

5 Appgratus

Ordinary l@boratory apparatus;”and

sodium hypochiorite soiution {4.8) then, after i h, rinsing
copiously with water (4.1). During the course of the analysis
one set of glassware should be kept for the determination of
free chlorine and another for the determination of total chlorine
in order to avoid contamination of the free chlorine set.

6 Procedure

6.1 Test sample

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

to a colourless
tion (4.6). Note
the volume, V3, in millilitres, used in the titratipn.

in the case of an unknown water, poessibly being very acid, or

very alkaline or with a high concentration of sal
to verify that the volume of buffer solution (4.3
cient to bring the water to’'pH-6,2 to 6,5. If ng
volume of the buffer solttion (4.2).

6.4 Determination of total chlorine

Place rapidly ipra 260 ml conical flask in this ¢rder: 5

buffer solutlon (4.2), 5,0 ml of DPD reagent (4.

ot s ondind P

test poitioh (6.2} and about 1 g of potassium ip

and after'2 min, titrate to a colourless end-poin
monium iron(ii) suifate solution (4.6). If with
back of colour is observed continue titration

s, it is advisable
) added is suffi-
t, use a greater

with the am-
n 2 min a drift
to a colourless

end-point. Note the volume, V,, in millilitres, ysed in the titra-

tion.

2 Lase O ainl Uiy y PUSSH

Y veiy atiG, Of

In the case of an unknown water nossibly benrn very acid ar

v y
very alkaline or with a high concentration of sal
to verify that the voiume of buffer soiution {4.2
cient to bring the water to pH 6,2 to 6,5. If nd

volume of the buffer solution (4.2).

s, it is advisable
2) added is suffi-
qt, use a greater

7 Correction of interference due to the

presence of oxidized manganese

Determine the effect of oxidized manganese bl carrying out a

Ut

prevuous!y treated with the arsenlte or thioac

\‘I' Il Ill oruer lU llUUl[dlll& all oxmlzmg Compo
oxidized manganese.

v pUTuOn 0.4

amide solution

nds other than

supplementary determination on a further f:{t nortion (8.2)

Place this test portion in a 250 ml conical flapk, add 1 ml of

Coar

sodium arsenite solution (4.7) or thioacetamide

.‘

e solution (4.7)
WuUoh &.7)

4-2) and 5,0 ml of
Titrate immediately to a colouriess end-

point against ammonium iron(ll) sulfate solution (4.6). Note the

volume,
manganese.

8 Expression of results

8.1 Method of calculation

Vs, in millilitres, corresponding to the oxidized

8.1.1 Calculation of the free chlorine concentration

The concentration of free chlorine, c(Cly),
millimoles per litre, is given by the equation

expressed in
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c3 (V3= V5
ecly) = 2379
0

where

c3 is the concentration, expressed in millimoles of Cl, per
litre, of ammonium iron(ll) sulfate solution;

Vo is the volume, in millilitres, of test sample in the test
portion (6.2);

8.3 Repeatability and reproducibility

To obtain an indication of repeatability and reproducibility,
figures are taken from measurements obtained by methods
which are the same in principle as that specified in this part of
ISO 7393.

The USA-EPA Environmental Monitoring and Support
Laboratory!!l evaluated the titrimetric method with the fol-
lowing results.

V3 is the vplume, in millilitres, of the ammonium iron(ll)
sulfate solutipn (4.6) used in the titration (6.3);

Vg is the vplume, in millilitres, of the ammonium iron(ll)

sulfate solutfon (4.6) used in clause 7 (Vg = 0 ml in the
absence of gxidized manganese).

8.1.2 Calculation of the total chlorine concentration

The concentration of total chlorine, c(Cl,), expressed in
millimoles per lifre, is given by the equation

—

€3

Ve Ve
aCly) = 214 %

Vo
where
c3, Vpand V} are as defined in 8.1.1;

V4 is the vplume, in millilitres, of the ammonium iron(ll)
sulfate solutipn (4.6) used in the titration (6.4).

8.2 Conversjon of amount of substance
concentration to mass concentration

The chlorine concentration expressed in moles per litre may be
expressed in grams per litre by multiplying, by a conversion
factor of 70,91.

Table 2 — Analytical parameters from interlaboratory analysis for free residual chlorine

For distilled water samples at concentrations of c(Cly) = 4,79;
9,17; and 48,6 umol/1[o(Cl,) = 0,34; 0,65; and.3,45"g/1] total
chlorine, the relative standard deviations were)5,6 Po, 0,5 %
and 0,5 %, respectively. Using drinking water containing c(Cly)
= 13,8 umol/I [o(Cl,) = 0,98 mg/l], tetal chlorine, the relative
standard deviation was 1,2 %. With,'more pollut¢d waters
almost the same precision was obtaihed as for drinding water
with the exception of raw sewage where, with a total chlorine
concentration of c(Cly) = A1;:%umol/l [o(Cl,) = 0]79 mg/Il,
the relative standard deviation was 3,3 %.

Results published ‘by the British Department ofl the En-
vironment!2 shewed for total chlorine concentrations of
c(Cly) = 14 and71 pmol/I [(Cly) = 1,0 and 5,0 mg/], relative
standard deviations of 1,4 % and 0,88 %, respectively.

The results presented in the preceding paragraphs| relate to
replicate determinations in the same laboratory and|thus pro-
vide a measure of the repeatability of the method. Aftempts in
the past to quantify the reproducibility of the method by
distribution of samples to different laboratories have |produced
unreliable results because of a general instability of| solutions
containing free and combined chlorine. More recently it has
been found by the Quality Assurance Branch df EMSL-
Cincinnati'® that a sealed vial of sodium hypochlorite in very
pure water is remarkably stable when stored in the dafk inside a
mailing tube. Subsequent evaluation by various US f¢deral and
state laboratories has produced the analytical parameiters listed
in table 2 for methods in current use.

Traevalue Number
o€l [o(Cly)] | Method code? of laboratories Mean Standard deviation
— (observations)

dmol/I (mg/1) pmol/1 (mg/1) umol/| (mg/1l)

7 (0,5) A 6 6,2 (0,44) 1,3 (0,09)

B 7 6,8 (0,48) 1,8 (0,13)

11,3 (0,80) A 10 10,9 (0,77 1.1 (0,08)

B 14 11 (0,79) 4,1 (0,29)

Cc 6 11,6 (0,82) 1,3 (0,09)

15,56 (1,10 A 10 15,5 (1,10) 2,0 (0,14)

B 14 16,2 (1,15) 5,5 (0,39)

C 6 16,5 (1,17) 1,1 (0,08)

18,2 (1,29) A 6 18,6 (1,32) 1,3 (0,09)

B 7 19,9 (1,41) 5,4 (0,38)

1) A: lodometric titration amperometric

B: DPD colorimetric

C: DPD titrimetric
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9 Interferences

Two types of interference may be noted.

9.1 Interference by other chlorine compounds

A fraction of any chlorine dioxide that might be present is
measured as free chlorine. This interference may be corrected
by determining the chlorine dioxide in the water.[2 3. 4]

9.2 Inte#ﬂmmcempmﬂﬂ&eﬂm—d—rmmﬂmhfﬁeﬁa,—

chloring compounds

Oxidation| of DPD is not specifically caused by chlorine com-
pounds. Pepending on the concentration and the chemical
oxidation|potential, the reaction is effected by other oxidizing
agents. Tlhe following substances may be mentioned in par-
ticular: Bromine, iodine, bromamines, iodoamines, ozone,
hydrogen| peroxide, chromate, oxidized manganese, nitrite,
iron(lll} iops and copper ions. The interference is suppressed by

Bibliography

ISO 7393/1-1985 (E)

the disodium EDTA in reagents 4.2 and 4.3 in the case of cop-
per(ll) ions ( < 8 mg/l) and iron(ill) ions (< 20 mg/I).

Interference by chromate may be eliminated by addition of
barium chloride. (6!
10 Test report

The test report shall include the following information:

b) all information necessary for compléete|identification of
the sample;

c) the results and the method of expression used;

ISO 7393, or regarded) as optional, togetHer with any cir-

d) details of any operations not include{ in this part of
cumstance that may have affected the resiilts.

[11 Benger, D.F. Comparison of methods for the determination of total available residual chlorine in various sample matrices, Report

No. EPA-B00/4-78-019. Cincinnati, Ohio 45268, USA, US Environmental Protection Agency, 1978.

[2] DoE] Chemical Disinfecting Agents in Waters, and Effluents, and Chlorine Demand, Methods for the Examinatidn of Waters and

Associatgd Materials. London, UK, HMSO, 1980.

[3] Paun A.T. Methods for the determination in.Wwater of free and combined available chlorine, chlorine, dioxide and chlorite,

bromine, [iodine and ozone, using diethyl-p-phenylenediamine. J. /nst. Water Eng. 21 1967 : 537.

[4] Paup A.T. Analytical control of water disinfection with special reference to differential DPD methods for ¢
dioxide, Hromine, iodine and ozone. J. Inst." Water Eng. 28 1974 : 139.

[5] Studies WS007 and WS008, Cincinnati, Ohio 45268, USA, Quality Assurance Branch, Environmental Monitor
Laboratory, Office of Research and Development, US Environmental Protection Agency, 1980.

hlorine, chlorine

ng and Support

[6] Paump, A.T. New corréction procedures for chromate interference on the DPD method for residual, free and combined chlorine.

J. Inst. Water Eng. Sci.“36-1982: 351.
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Annex A

Separate determinations of combined chlorine of the monochloramine type,
combined chlorine of the dichloramine type and of combined chlorine in the
form of nitrogen trichloride

A.1 Applicability

A.5.3 Determination of free chlorine and

This annex spec|fies a method for the differentiation between
combined chlorine of the monochloramine type, combined
chlorine of the d|chloramine type and combined chlorine in the
form of nitrogen trichloride. The field of application of the
method is the sgme as that for concentrations of free chlorine
and total chloring (see clause 1).

A.2 Principle

After determinatjon of free chlorine and total chlorine, titration
of two further tgst portions:

a) on the tHird test portion: reaction with DPD limited to
free chlori and to combined chlorine of the
monochloranpine type by the addition of a small quantity of
potassium ioglide;

b) on the faurth test portion, by addition of a small quanti-
ty of potassium iodide before the addition of buffer and
DPD reagentf reaction with DPD by free chlorine, by com-
bined chloring of the monochloramine type and one half of
the nitrogen trichloride.

Combined chlorine of the dichloramine type does not react in
either of these tivo cases. Calculation of the concentration of

combined chlorine of the monochloramine and-dichloramine
types and the cgncentration of nitrogen trichlotide.

A.3 Reagents

The reagents giyen in clause 4 arid

Potassium iod]:ie, solution, 5 g/I.
1

Prepare this sollition, gn.the day of use and store in a brown

bottle.

combined chiorine of the monochioramine| type

Place rapidly in a 250 ml conical flask in this ©rder: [5,0 ml of
buffer solution (4.2), 5,0 ml of DPD reagent.(4:3), thethird test
portion and two drops (about 0,1 ml) of potassium ipdide sol-
ution (clause A.3) or a very small crystal of potassiym iodide
(about 0,5 mg) and mix. Titrate jmmediately to a ¢olourless
end-point with ammonium iron(ll)\sulfate solution (4.6). Note
the volume, Vg, in millilitres, Used in the titration.

A.5.4 Determination. of free chlorine, combined
chlorine of the monochloramine type and one half
of the nitrogen trichloride

Place in a 250.ml beaker, the fourth test portion and two drops
(about 0,1 ml) of potassium iodide solution (clause JA.3) or a
very smallcrystal of potassium iodide (about 0,5 mg){and mix.
Transfer the contents of the beaker to a 250 ml conical flask
containing 5,0 ml of buffer solution (4.2) and 5,0 nl of DPD
réagent (4.3) added less than 1 min prior to the transfer. Titrate
immediately to a colourless end-point with ammonium iron(ll)
sulfate solution (4.6). Note the volume, V5, in millilitres, used in
the titration.

A.6 Expression of results
A.6.1 Method of calculation

A.6.1.1 Calculation of the concentration of cpmbined
chlorine of the monochloramine type

The concentration of combined chlorine |[of the
monochloramine type, c(Cl,), expressed in millimoleq per litre,
is given by the equation

C3( Ve— V3)

1z

C(Clz) =

A.4 Apparatus

See clause 5.

A.5 Procedure

A.5.1 Test sample

See 6.1.

A.5.2 Test portions

Work on two test portions similar to those in 6.2.

4y
where
c3, Vyand V3 are as defined in clause 8;

Ve is the volume, in millilitres, of the ammonium iron(ll)
sulfate solution (4.6) used in the titration (A.5.3).

A.6.1.2 Calculation of the concentration of combined
chlorine of the dichloramine type

The concentration of combined chiorine of the dichloramine
type, c(Cl,), expressed in millimoles per litre, is given by the
equation
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calVa=2V5 + V) ’ 2 ol Vo= V)
e(Cly = M Bl A c(Cly) = £ e
Vo Vo

where where

¢3, Voand V, are as defined in clause 8; czand Vj are as defined in clause 8;

Ve s as defined in A.6.1.1; Ve is as defined in A.6.1.1;
V; is the volume, in millilitres, of the ammonium iron(ll)

Vs i defined in A.6.1.2.
sulfate solution (4.6) used in the titration (A.5.4). 7 s asdefinedn

A.6.1.3 [Calculation of the concentration of combined A.6.2 Conversion of amount of subsLance
chlorine |n the form of nitrogen trichloride concentration to mass concentration

The concgntration of combined chlorine in the form of nitrogen The chlorine concentration exprésséd in molesllper litre may be
trichloride, c(Cl,), expressed in millimoles per litre, is given by expressed in grams per litre<by) multiplying By a conversion

the equation factor of 70,91.
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