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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7393/1 was prepared by Technical Committee 
ISO/TC 147, Water quality. 

0 International Organkation for Standardization, 1985 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 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 Introduction 

ISO 7393 consists of the following park: 

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

2 Definitions (sec table 1) 

For the purpose of this part of ISO 7393, the following defini- 
tions apply. 

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

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

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

2.2 combined chlorine: The fraction of total chlorine 
present in the form of chloramines and organic chloramines. 

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

1 Scope and field of application 

This part of ISO 7393 specifies a titrimetric method for the 
determination of free chlorine and total chlorine in water. 

Sea water and waters containing bromides and iodides com- 
Prise a group for which special procedures are required.121 

2.4 chloramines: Derivatives of ammonia by Substitution of 
one, two or three hydrogen atoms with chlorine atoms 
(monochloramine NH2CI, dichloramine NHCI,, nitrogen 
trichloride NCI,) and all chlorinated derivatives of organic 
nitrogen compounds as determined by the method specified in 
this part of ISO 7393. 

The method is applicable to concentrations, in terms of 
chlorine Q), from 0,000 4 to 0,07 mmol/l (0,03 to 5 mg/l) 
total chlorine and at higher concentrations by dilution of 
samples. For concentrations above 0,07 mmol/l, ISO 7393/3 
tan also be used. 

3 Principle 

3.1 Determination of free chlorine 

In annex A a procedure is presented for the differentiation of 
combined chlorine of the monochloramine type, combined 
chlorine of the dichloramine type and combined chlorine in the 
form of nitrogen trichloride. 

Direct reaction with the N, N-diethyl-1,4-phenylenediamine 
(DPD) and formation of a red compound at pH 6,2 to 6,5. Titra- 
tion by means of a Standard Solution of ammonium iron(ll) 
sulfate to the disappearance of the red colour. 

3.2 Determination of total chlorine 

Several compounds influence the determination specified in Reaction with DPD in the presence of an excess of potassium 
this part of ISO 7393. Intetferences are noted in clauses 7 and 9. iodide then titration as in 3.1. 

Table 1 - Terms and synonyms in relation to actual compounds in the Solution 

Term 

Free chlorine 

Synonym Compounds 

Active f ree Elemental chlorine, 
chlorine hypochlorous acid 

Free chlorine Potential f ree Hypochlorite 
chlorine 

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) 
place, in Order, 

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

b) in the second: 100 ml of the water to be checked and 
two drops of sodium hypochlorite Solution (4.8); then, after 
2 min, 5,0 ml of buffer Solution (4.2) and 5 ml of DPD 
reagent (4.3). 

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

In the case of demineralized or distilled water not having the 
desired quality it must be chlorinated. After a period of contact 
followed by dechlorination the quality finally has to be 
rechecked. 

A procedure for the preparation 
and reducing substances is given 

of 
in 

water free from oxidizing 
annex B. 

4.2 Buffer Solution, pH 6,5. 

Dissolve in water (4.1) in this Order: 24 g anhydrous disodium 
hydrogen Phosphate (Na2HP04) or 60,5 g of the 
dodecahydrate form (Na2HP04m12H20) and 46 g of potassium 
dihydrogen Phosphate (KH2PO& Add 100 ml of 8 g/l disodium 
dihydrogenethylenedinitrilotetraacetate dihydrate (disodium 
EDTA dihydrate, C10H14N208Na2e2H20) Solution (or 0,8 g of 
the solid ferm). 

If necessary, add 0,020 g of mercury(II) chloride (HgCI,), to 
prevent mould growth and inter-ference in the free available 
chlorine test caused by any trace amounts of iodide in the 
reagents. 

Dilute to 1 000 ml and mix. 

NOTE - Solutions containing mercury should be disposed of properly 
(for example a method is specified in ISO 5790, lnorganic chemicalpro- 
ducts for industrial use - General method for determination of 
chloride content - Mercurime tric me thodl . 

4.3 N,N-diethyl-1,4-phenylenediamine sulfate (DPD) 
[NH2-CGH,N(C2H5)2~H2S041, Solution, 1,l g/l. 

Mix 250 ml water (4.11, 2 ml sulfuric acid (Q = 184 g/ml) and 
25 ml of 8 g/l disodium EDTA dihydrate Solution (or 0,2 g of 
the solid ferm). Dissolve in this mixture 1,l g of anhydrous 
DPD or 1,5 g of the pentahydrate form, dilute to 1 000 ml and 
mix. 

2 

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 ta blets. 

4.5 Ammonium iron(ll) sulfate, stock Solution, 
c[(NHq)2Fe(S04)2~6H201 = 0,056 mol/l. 

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) containing 5 ml 
sulfuric acid (Q = 184 g/ml) in a 1 000 ml one-mark 
volumetric flask. Make up to the mark with water and mix. 

Store in a dark bottle. 

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

4.5.2 Standardization of the Solution 

Place in a 250 ml conical flask, 50,O ml of the stock Solution 
(4.5.11, about 50 ml water (4.11, 5 ml orthophosphoric acid 
(@ = 1,71 g/ml) and 4 drops of barium diphenylamine 
sulfonate indicator (4.9). Titrate with potassium dichromate 
Solution (4.10). The end-point is reached when one drop pro- 
duces an intense purple coloration which remains unchanged 
after further addition of the potassium dichromate Solution. 
The concentration, cl, expressed in millimoles of Cl2 per litre, of 
this Solution is given by the equation 

where 

c2 is the concentration of the potassium dichromate 
Standard reference Solution (4. IO), 
cW6 K2Cr207) = 100 mmol/l; 

VI is the volume, in millilitres, of ammonium iron(ll) 
sulfate stock Solution (4.51, 50,O ml; 

V2 is the volume, in millilitres, of the potassium 
dichromate Standard reference Solution (4.10) used in the 
titration. 

NOTE - When V2 becomes less than 22 ml, prepare a fresh stock 
Solution (sec 4.5.1). 

4.6 Ammonium iron(ll) sulfate, Standard volumetric sol- 
ution, c[(NH4)2Fe(S04)2~6H201 = 2,8 mmol/l. 

Place 50,O 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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ISO 7393/1-1985 (El 

Transfer to a dark bottle. 6.2 Test portions 

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

The concentration, ~3, expressed in millimoles of Cl, per litre, of 
this Solution is given by the equation 

Take two test portions, each of 100,O ml. If the concentration 
of total chlorine exceeds 70 pmol/l (5 mg/l) it is necessary to 
take a smaller volume of test Sample and to dilute with water 
(4.1) to 100,O ml. 

6.3 Determination of free chlorine 

Cl 
c3 = - 

20 

where c1 is as defined in 4.5.2. 

Place rapidly in a 250 ml conical flask in this Order: 5,0 ml of 
buffer Solution (4.2), 5,0 ml of DPD reagent (4.3) and the first 
test Portion (6.2). Mix and titrate immediately to a colourless 
end-point with ammonium iron(ll) sulfate Solution (4.6). Note 
the volume, VS, in millilitres, used in the titration. 

4.7 Sodium arsenite (NaAsO$, Solution, 2 g/l; or 
thioacetamide (CH&SNH$, Solution, 2,5 g/l. 

4.8 Sodium hypochlorite, Solution [e(Cl,) about 0,l g/l]. 

In the case of an unknown water, possibly being very acid, or 
very alkaline or with a high concentration of salts, it is advisable 
to verify that the volume of buffer Solution (4.2) added is suffi- 
cient to bring the water to pH 6,2 to 6,5. If not, use a greater 
volume of the buffer Solution (4.2). 

Prepare by dilution of concentrated commercial sodium 
hypochlorite Solution. 

4.9 Barium diphenylamine sulfonate, indicator Solution, 
3 gll. 

Dissolve 0,3 g barium diphenylamine sulfonate 
[(CGH~NH-C~H4-S03)2Bal in 100 ml water. 

4.10 Potassium dichromate, Standard reference Solution, 
c(1/6 K$r207) = 100 mmol/l. 

Weigh, to the nearest milligram, 4,904 g of anhydrous 
potassium dichromate. Dissolve in water in a 1 000 ml one- 
mark volumetric flask. Make up to the mark with water and 
mix. 

5 Apparatus 

Ordinary laboratory aPPa ratus, and 

Microburette, measuring up to 5 ml and graduated in divi- 
sions of 0,02 ml. 

NOTE ON THE PREPARATION OF GLASSWARE 

Chlorine-demand-free glassware is obtained by filling with 
sodium hypochlorite Solution (4.8) then, after 1 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 
times avoid bright light, agitation and heat. 

samples. At all 

6.4 Determination of total chlorine 

Place rapidly in a 250 ml conical flask in this Order: 5,0 ml of 
buffer Solution (4.21, 5,0 ml of DPD reagent (4.3), the second 
test Portion (6.2) and about 1 g of potassium iodide (4.4). Mix 
and after 2 min, titrate to a colourless end-point with the am- 
monium iron(ll) sulfate Solution (4.6). If within 2 min a drift 
back of colour is observed continue titration to a colourless 
end-point. Note the volume, Vd, in millilitres, used in the titra- 
tion. 

In the case of an unknown water, possibly being very acid, or 
very alkaline or with a high concentration of salts, it is advisable 
to verify that the volume of buffer Solution (4.2) added is suffi- 
cient to bring the water to pH 6,2 to 6,5. If not, use a greater 
volume of the buffer solution (4.2). 

7 Correction of interference due to the 
presence of oxidized manganese 

Determine the effect of oxidized manganese by carrying out a 
supplementary determination on a further test Portion (6.2) 
previously treated with the arsenite or thioacetamide Solution 
(4.7) in Order to neutralize all oxidizing compounds other than 
oxidized manganese. 

Place this test Portion in a 250 ml conical flask, add 1 ml of 
sodium arsenite Solution (4.7) or thioacetamide Solution (4.7) 
and mix. Again add 5,0 ml of buffer Solution (4.2) and 5,0 ml of 
DPD reagent (4.3). Titrate immediately to a colourless end- 
Point against ammonium iron(ll) sulfate Solution (4.6). Note the 
volume, VS, in millilitres, corresponding to the oxidized 
manganese. 

8 Expression of res& 

8.1 Method of calculation 

8.1.1 Calculation of the free chlorine concentration 

The concentration of free chlorine, c(Cl& expressed in 
millimoles per litre, is given by the equation 
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ISO 7393/1-1985 (E) 

NI*) = 
c3w3- r/5) 

VO 

c3 is the concentration, expressed in millimoles 
litre, of ammonium iron(l 1) sulfate Solution; 

Of Cl2 per 

V. is the volume, in millilitres, of test Sample in the test 
Portion (6.2) ; 

V3 is the volume, i n mill ilitres, of the ammonium 
sulfate Solution (4.6) used in the titration (6.3) ; 

iron(ll) 

V5 is the volume, in millilitres, of the ammonium iron(ll) 
sulfate Solution (4.6) used in clause 7 (VS = 0 ml in the 
absence of oxidized manganese). 

8.1.2 Calculation of the total chlorine concentration 

The concentration of total chlorine, c(CI 
millimoles per litre, is g iven by the equation 

NI*) = 
c3w4- VS) 

VO 

~3, Vo and VS are as defined in 8.1.1; 

211 exp ressed 

V4 is the volume, i n mill ilitres, of the ammonium 
sulfate Solution (4.6) used in the titration (6.4). 

82 . 
conc 

Conversion of amount of substa 
‘entration to mass concen tration 

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

in 

iron(ll) 

litre may be 
conversion 

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[ll evaluated the titrimetric method with the fol- 
lowing results. 

. 

For distilled water samples at concentrations of c(C12) = 479; 
9,17; and 48,6 pmol/l [e(Cl$ = 034; 0,65; and 3,45 mg/I] total 
chlorine, the relative Standard deviations were 5,6 %, 0,5 % 
and 0,5 %, respectively. Using drinking water containing c(C12) 
= 13,8 pmol/l [e(C12) = 0,98 mg/ll, total chlorine, the relative 
Standard deviation was 1,2 %. With more polluted waters 
almost the same precision was obtained as for drinking water 
with the exception of raw sewage where, with a total chlorine 
concentration of c(CI2) = 11,l pmol/l [Q(CI~) = 0,79 mg/I], 
the relative Standard deviation was 3,3 %. 

Results published by the British Department of the En- 
vironment [21 showed for total chlorine concentrations of 
c(CI2) = 14 and 71 pmol/l [e(Cl$ = 1,0 and 5,0 mg/l], relative 
Standard deviations of 1,4 % and 088 %, 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. Attempts 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 of EMSL- 
Cincinnati [51 that a sealed vial of sodium hypochlorite in very 
pure water is remarkably stable when stored in the dark inside a 
mailing tube. Subsequent evaluation by various US federal and 
state laboratories has produced the analytical Parameters listed 
in table 2 for methods in current use. 

Table 2 - Analytical Parameters from interlaboratory analysis for free residual chlorine 

7 (0,5) 

11,3 (0,801 

15,5 (1,lO) 

18,2 (1,291 

Number 
of laboratories 
(observations) 

6 
7 

10 
14 

6 

10 
14 
6 

6 
7 

62 
68 

IO,9 
11,l 
11,6 

15,5 
16,2 
16,5 

18,6 
19,9 

(0,771 
(0,791 
(0,821 

(1,lO) 
(1,15) 
(1,17) 

(1,321 
(1,411 

113 (0,091 
13 (0,13) 

L1 (0,08) 
4J (0,291 
1,3 (0,091 

zo (0,141 
5,5 (0,391 
L1 (0,08) 

113 (0,091 
5,4 (0,381 

1) A: lodometric titration amperometric 

B: DPD colorimetric 

C: DPD titrimetric 

4 
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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 inter-ference may be corrected 
by determining the chlorine dioxide in the water.[2t 3t 41 

9.2 Interference by compounds other than 
chlorine compounds 

Oxidation of DPD is not specifically caused by chlorine com- 
pounds. Depending on the concentration and the Chemical 
Oxidation potential, the reaction is effected by other oxidizing 
agents. The following substances may be mentioned in par- 
ticular : bromine, iodine, bromamines, iodoamines, ozone, 
hydrogen Peroxide, chromate, oxidized manganese, nitrite, 
iron(lll) ions and topper ions. The interference is suppressed by 

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

Interference by chromate may be eliminated by addition of 
barium chloride. f61 

10 Test report 

The test report shall include the following information: 

a) a reference to this part of ISO 7393; 

b) all information necessary for complete identification of 
the Sample; 

c) the results and the method of expression used; 

d) details of any operations not included in this part of 
ISO 7393, or regarded as optional, together with any cir- 
cumstance that may have affected the resu’lts. 
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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 nitroaen trichloride 

A. 1 Applicability 

This annex specifies a method for the differentiation between 
combined chlorine of the monochloramine type, combined 
chlorine of the dichloramine type and combined chlorine in the 
form of nitrogen trichloride. The field of application of the 
method is the same as that for concentrations of free chlorine 
and total chlorine (see clause 1). 

A.2 Principle 

After determination of free chlorine and total chlorine, titration 
of two further test portions: 

a) on the third test Portion: reaction with DPD limited to 
free chlorine and to combined chlorine of the 
monochloramine type by the addition of a small quantity of 
potassium iodide; 

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

Combined chlorine of the dichloramine type does not react in 
either of these two cases. Calculation of the concentration of 
combined chlorine of the monochloramine and dichloramine 
types and the concentration of nitrogen trichloride. 

A.3 Reagents 

The reagents given in clause 4 and 

Potassium iodide, Solution, 5 g/i. 

Prepare this Solution on the day of use and store in a brown 
bottle. 

A-4 Apparatus 

See clause 5. 

A.5 Procedure 

AS.1 Test Sample 

See 6.1. 

A.5.2 Test portions 

Work on two test portions similar to those in 6.2. 

6 

A.5.3 Determination of free chlorine and 
combined chlorine of the monochloramine type 

Place rapidly in a 250 ml conical flask in this Order: 5,0 ml of 
buffer Solution (4.21, 5,0 ml of DPD reagent (4.3), the third test 
Portion and two drops (about 0,l ml) of potassium iodide sol- 
ution (clause A.3) or a very small crystal of potassium iodide 
(about 0,5 mg) and mix. Titrate immediately to a colourless 
end-point with ammonium iron(ll) sulfate Solution (4.6). Note 
the volume, v6, 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,l ml) of potassium iodide Solution (clause A.3) or a 
very small crystal 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 ml of DPD 
reagent (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, V7, in millilitres, used in 
the titration. 

A.6 Expression of results 

A.6.1 Method of calculation 

A.6.1.1 Calculation of the concentratio 
chlorine of the monoch Ioramine type 

n of combined 

The concentration of combined chlorine of the 
monochloramine type, c(C12), expressed in millimoles per litre, 
is given by the equation 

c(CI2) = 
c3( v6 - v3) 

VO 

where 

c3, V. and V3 are as defined in clause 8; 

I/s is the volu me, in mill ilitres, of the ammonium 
sulfate Solution (4.6) used in the titration (A.5.3). 

iron(ll) 

A.6.1.2 Calculation of the conce 
chlorine of the dichlora mine type 

ntration of combined 

The concentration of combined chlorine of the dichloramine 
type, c(Cl2), expressed in millimoles per litre, is given by the 
equation 
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c(Cl*~ = 
c3w4-21/7 + Vfj) 

VO 
c(CI$ = 2 q( v,- Vfj) 

VO 

c3, V. and V4 are as defined in clause 8; 

V6 is as defined in A.6.1.1; 

V7 is the volume, in millilitres, of the ammonium iron(ll) 
sulfate Solution (4.6) used in the titration (A.5.4). 

A.6.1.3 Calculation of the concentration of combined 
chlorine in the form of nitrogen trichloride 

The concentration of combined chlorine in the form of nitrogen 
trichloride, Kl& expressed in millimoles per litre, is given by 
the equation 

c3 and Vo are as defined in clause 8; 

V6 is as defined in A.6.1 .l ; 

V-/ is as defined in A.6.1.2. 

A.6.2 Conversion of a mount of subs 
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. 
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