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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
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Introduction

ISO 10304-4:1997(E)

The essential minimum requirements of an ion chromatographic system applied within the scope of this part of ISO
10304 are the following:

- Resolution power of the column:

For the anion to be determined it is essential that
the peak resolution does not fall below R = 1,3

{elauca 7 ‘ﬁﬂllrn 2)

- Method

- Applica

of detection:

pility of the method:

- Calibration (9.1):

- Guaran

The dive
general g

For furthq

eeing the analytical quality (9.3):

escription only.

(CraaSe—5Tgorc—o7

a) Measurement of the electrical conductivity with
or without suppressor device

b) Spectrometric measurement (UV/VIS), directly
or indirectly

¢) Amperometric direct detection

Working ranges according.to table 1

Calibration and determination of the linear working
range (see 1SO<8466-1). Use of the method of
standard addition to special cases of application

(9.2).

Validity, check of the calibration function. Replicate
determinations, if necessary.

Fsity of the appropriate and suitable assemblies and the procedural steps depending on thg

br information on the analytical technique see reference [2].

m permit a
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Water quality — Determination of dissolved anions by liquid
chromatography of ions —

Part 4:
Determination of chlorate, chloride and chlorite in water with low
contamination

1 Scope

This parf of ISO 10304 specifies a method for the determination of the dissolved anions chlorate, chloride, and
chlorite i water with low contamination (e.g. drinking water, raw water or swimming pool water).

An apprdpriate pretreatment of the sample (e.g. dilution) and the use of a conductivity detector (CD), UV detector
(UV) or gmperometric detector (AD) make the working ranges given in table Xfeasible.

Table 1 — Working ranges of the analytical method

Anion Working range Detection
mg/I*
Chlorate 0,03to 10 CD
Chloride 0,1to 50 CD
Chlorite** 0,05t0 1 CD
0,1t01 UV; A=207 nm to 220 nm
0,0lto1 AD;0,4t0o 1,0V
*[The working range is restricted by the ion-exchange capacity of the columns. Dilute the sample in to the working ranpe, if
necessary.
*1 The minimum working range for chlorite of 0,05 mg/l was obtained using calibration checks, but the round robin [trials
(annex A, tabletA.4) showed that it is difficult to obtain this with sufficient accuracy. Thus great care shall be taken yvhen
working in thé lower range of this method.

2 Normafive references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
ISO 10304. 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 ISO 10304 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid
International Standards.

ISO 5667-1:1980 Water quality - Sampling - Part 1: Guidance on the design of sampling programmes.

ISO 5667-2:1991 Water quality - Sampling - Part 2: Guidance on sampling techniques.


https://standardsiso.com/api/?name=252987e6fac0d2485381375da9999479

ISO 10304-4:1997(E)

ISO 5667-3:1994

ISO 8466-1:1990

ISO 10304-1:1992

ISO 10304-2:3995

©1SO

Water quality - Sampling - Part 3: Guidance on the preservation and handling of
samples.

Water quality - Calibration and evaluation of analytical methods and estimation of

performance characteristics - Part 1: Statistical evaluation of the linear calibration

function.

Water quality - Determination of dissolved anions by liquid chromatography of ions -

Part 1: Determination of fluoride, chloride, bromide, nitrate, nitrite, orthophosphate
and sulfate in water with low contamination

\Alatar cuialifv .

Datapminatinn of dicoah/nd aniane by o d nbhyamataaranby, of iapnc

ISO 10304+

ISO 10530:

3 Interfenences

3.1 Organ
interfere.

3.2 Dissol
sensitivity.

3.3 The p
chlorate, ch
amperomet

3.4 Elevat
Remove ch

3.5 Solid g
of the sepa

ric detectors.

vvatCrguarnty

Part 2: Determination of bromide, chloride, nitrate, nitrite, orthophosphate and sulfafe
in waste water

methylene blue.

DCCrmataOT U OiooUrhvC O oo oy ngoa- Criromotograpity —Or 1017

3:1997 Water quality - Determination of dissolved anions by liquid chromatography of ionq -
Part 3: Determination of chromate, iodide, sulfite, thiocyanate and thigstlfate
1992 Water quality - Determination of dissolved sulfide - Photometric method using

c acids such as mono- and dicarboxylic acids or disinfection byproducts (e.g. chloroacetic facid) can

ed organics can react with the working electrode of the amperometric detector, causing a defrease in

esence of fluoride, carbonate, nitrite and nitrate can cause interference with the determipation of
loride and chlorite. The rfespective concentrations given in table 2 are typical for conductivity, UV and

bd loads of chlorideand bromide can cause interference with the determination of chlorite and|chlorate.
oride and bromide with the aid of special exchangers (8.2).

articles @nd organic compounds (such as mineral oils, detergents, and humic acids) shorten th¢ life-time
ator column. They are therefore eliminated from the sample prior to analysis (clause 8).
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Table 2 — Typical cross-sensitivity of anions

ISO 10304-4:1997(E)

4 Prind

Liquid ch
A low-caj
mono- arj

Detectior

When ug
reason, (
the cond

UV deteq

Amperometric detection of chlorite is carried out via measurement of the current generated by the
The,oxidation voltage for chlorite depends on the pH of the eluent. The use of carbon ele

chlorite.
proved s

Relation of the mass concentration* of measured ion / interfering ion Detpction method

1 part chlorate / 50 parts bromide CD
1 part chlorate / 500 parts nitrate CD
1 part chloride / 500 parts fluoride CD
1 part chloride / 1000 parts chlorite CD
1 part chloride / 50 parts nitrite CD
1 part chlorite / 100 parts fluoride CD
1 part chlorite / 10 parts fluoride uv
1 part chlorite / 1000 parts carbonate CD

1 part chlorite / 1000 parts chloride CD/UV/AD
1 part chlorite / 100 parts nitrite AD

* In case the quality requirements in clause 7 (e.g. see figures 2 and{3) are not achieved, the sample shall be
diluted.

iple

d dibasic acids as mobile phases (eluent, 5.11).

is by conductivity (CD), U\V-of;amperometric detector (AD).

ictivity of the eluent;and transform the sample species into their respective acids.

tion measures'the absorption directly or indirectly.

iccessful.

romatographic separation of chlorate, ehloride, and chlorite is carried out by means of a separz
pacity anion exchanger is used as thestationary phase, and usually aqueous solutions of salts of weak

ing conductivity detectars”it is essential that the eluents have a sufficiently low conductiv
onductivity detectors.are often combined with a suppressor device (cation exchangers) which

aitor column.

ty. For this
will reduce

pxidation of
ctrodes has

The concentration of the respective anions is determined by a calibration of the overall procedure. Particular cases
may require calibration by means of standard addition (spiking).

5 Reagents

Use only reagents of recognized analytical grade. Carry out weighing with an accuracy of 1% of the nominal mass.
The water shall have an electrical conductivity of < 0,01 mS/m and shall not contain particulate matter of a particle
size > 0,45 um. An increase in electrical conductivity due to an uptake of carbon dioxide does not interfere with the
determination.
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5.1 Sodium hydrogencarbonate

5.2
5.3
54
55
5.6 Benzo
5.7 Potass
5.8 Sodiun
5.9 Sodiur
5.10 Sodit
5.11 Eluern

Tris(hydroxymethyl)aminomethane

Sodium hydroxide solution

, NaHCO,

Sodium carbonate , Na,CO4

, NH,C(CH,OH),

Acetonitrile , CH3CN

, ¢(NaOH) = 0,1 mol/l

icacid , C;H.O,

©1SO

ium hydroxide solution , ¢(KOH), = 0,5 mol/l
h chlorite , NaClO, (80 %)
n chloride , NacCl

m chlorate , NaClO,

ts

Different elfients are used, their choice depending on the type of separator)column and detector. Therefg

the column
in5.11.1.2,

A selection
proved suc

Degas all e
to minimize

5.11.1 EXxd

For the apyq

5.11.1.4,5.11.2.2 and 5.11.2.3 are examples only.

of reagents for common eluents is presented in 5 to 5.7. Preparing eluents from concent
essful.

uents. Take steps to avoid any renewed air pick-up during operation (e.g. by helium sparging)
the growth of bacteria or algae, store the‘eluents in the dark and renew every 3 d.

mples of eluents for ion chromatography using the suppressor technique

lication of the suppressor technique, sodium hydroxide and salt solutions of weakly dissocial

such as soglium carbonate/sodium hydrogencarbonate, sodium hydrogencarbonate, and sodium tetrabora

used.
51111 S
For the eluq

Place 19,1
nominal cay

pdium carbonate/sediom hydrogencarbonate concentrate
nt concentrate,preparation:

g of sodium' carbonate (5.2) and 14,3 g of sodium hydrogencarbonate (5.1) into a graduate
acity 1000 ml, dissolve in water (clause 5) and dilute to volume with water.

The solutio

re, follow

manufacturer’s instructions for the exact composition of the*€luent. The eluent compositions gescribed

ates has

. In order

ted acids
e can be

l flask of

olution is

contains 0,18 mol/l of sodium carbonate and 0,17 mol/l of sodium hydrogencarbonate. This s

stable for severalmonths if stored at Z “C 0 6 °C.

51112 S

odium carbonate/sodium hydrogencarbonate eluent

The following eluent is applicable for the determination of chlorate, chloride and chlorite:

Pipette 50 ml of the concentrate (5.11.1.1) into a graduated flask of nominal capacity 5000 ml and dilute to volume

with water (

clause 5).

The solution contains 0,0018 mol/l of sodium carbonate and 0,0017 mol/l of sodium hydrogencarbonate. Store the
solution in amber-coloured glass and renew it every 3 d.
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For the e
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Sodium hydrogencarbonate concentrate

luent concentrate preparation:

Place 8,4 g of sodium hydrogencarbonate (5.1) into a graduated flask of nominal capacity 1000 ml, dissolve in water
(clause 5) and dilute to volume with water.

The solution contains 0,1 mol/l of sodium hydrogencarbonate. This solution is stable for several months if stored at

2°Cto6

51114

°C.

Sodium hydrogencarbonate eluent

The follo

Pipette 5
with watg

ving eluent is applicable for the determination of chlorate, chloride and chlorite:

D ml of the concentrate (5.11.1.3) into a graduated flask of nominal capacity 5000 ml and-dilut
r (clause 5).

The solution contains 0,001 mol/l of sodium hydrogencarbonate. Renew the solution everyy,3'd.

5.11.2 H

For ion ¢
p-hydrox
solutions|
0,0005 m

5.11.2.1
For the €

Place 3,4
Adjust th
a solid d
dissolvin
(5.4). Ad
compour

The solu
stored at

5.11.2.2
For the d

Place 10
1000 ml

Examples of eluents for ion chromatography without using the suppressortechnique

ybenzoic acid, sodium borate/sodium gluconate, potassium hydroxide and sodium benzoate ar
can contain various additions, e.g. alcohols. The concentration of the salts is usually in t
ol/l to 0,01 mol/l.

Benzoic acid concentrate

uent concentrate preparation:

64 g of benzoic acid (5.6) into a beaker of capacity 1000 ml, add approximately 950 ml of wate
ompound or as a concentrate solution). ‘Stir and dissolve with gentle heating (60 °C to 8
J, transfer the cool solution into a graduated flask of nominal capacity 1000 ml and add 10 ml o
ust the pH of the solution to 4,6 with tris(hydroxymethyl)aminomethane (5.3; by adding it eithe
d or as a solution) and dilute to.volume with water (clause 5).

ion contains 0,03 mol/l of‘benzoic acid and approximately 1 % of acetonitrile and is stable for g
2°Cto6 °C.

Benzoic acid elugnt
etermination ef chlorate, chloride and chlorite, the following eluent has proved to be successful:

D ml ofithe“concentrate (5.11.2.1) and 20 ml of acetonitrile (5.4) into a graduated flask of nomi
hnd dilute to volume with water (clause 5).

e to volume

hromatographic systems without suppressor devices, salt solutions, e.g. potassium hydrogeénphthalate,

e used. The
ne range of

r (clause 5).

b pH of the solution to approximately 4,2 with tris(hydroxymethyl)aminomethane (5.3; by adding it either as

D °C). After
acetonitrile
r as a solid

ne month if

nal capacity

The solu

1ob—cain toaina N NND raal/l of han—ooins oo d na ooz atalhy, 2 0 af-ascatanitrla_Tha aoliiont

PN
TOTT COTTaAIT 1o U000 1O T O OC T2 aCTo—ar o P PToATT T Iacc Ty — = OO T CTToOT IO e T T~ CTOCTTIT

Renew the solution every 7 d.

51123

For the d

Potassium hydroxide eluent

etermination of chlorate, chloride and chlorite, the following eluent has proved to be successful:

pH is 4,65.

Place 500 ml of water (clause 5) into a graduated flask of nominal capacity 1000 ml, add 10 ml of the potassium
hydroxide solution (5.7) and dilute to volume with water.

The solution contains 0,005 mol/l of potassium hydroxide. Renew the solution every 3 d.
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5.12 Stock solutions

Prepare stock solutions of concentration p = 1000 mg/l for each of the anions chlorate, chloride and chlorite.
Dissolve the appropriate mass of each of the substances (5.8, 5.9, 5.10), prepared as stated in table 3, in
approximately 800 ml of water (clause 5, degassed with nitrogen or helium), in graduated flasks of nominal capacity
1000 ml, add 1 ml of sodium hydroxide solution (5.5). Dilute to volume with water. The solutions are stable as
indicated in table 3.

Alternatively, use commercially available stock solutions of the required concentration.

Table 3 — Mass of portion, pretreatment and storage suggestions for stock solutions

Anion Compound Concentration Pretreatment Storage
derived from
subst.-portion
g/l
Chlorate NaClO4 1,2753 £ 0,013 Dry in a desiccator In glass for 1 month|if
only! kept at 2 °C to 6 °C
Chloride NacCl 1,6484 £ 0,017 Bry at 105 °C In polyethylene for B
months if kept at 2 9C
to 6 °C
Chlorite* NaClO, approx. 1,7 Dry in a desiccator In glass for 1 week |if
only! keptat 2 °Cto 6 °C|n
the dark
*The oncentration of the chlorite stock solution(shall be determined iodometrically before use (see ISO 10530, annex A).

5.13 Standard solutions

Depending |upon the concentrations expected, prepare standard solutions of different anion composjtion and
concentratipn from the stockysolutions (5.12). The risk of changes in concentration caused by interactiory with the
vessel matgrial increases‘with decreasing anion concentration. Store the standard solutions in polyethylene (PE)
vessels. Tdke into aecount that sodium chlorite salt can contain up to 20 % sodium chloride. Prepar¢ chlorite
standard s¢lutions_as”/described in 5.13.2 to avoid chloride contamination, e.g. of the mixed standard solution
(5.13.1).

5.13.1 Mixed=standard-solution-of chlorate-and chloride

The mass concentrations of this solution are as follows:
po(ClO57, CI") = 10 mgl/l

Pipette 1 ml of each of the chlorate and chloride stock solutions (5.12) into a graduated flask of nominal capacity
100 ml, add 0,1 ml of sodium hydroxide solution (5.5) and fill up to volume with water (clause 5).

Prepare the solution on the day of use.

Other mixed standard solutions can be made by respective dilutions of the mixed standard solution.
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5.13.2 Chlorite standard solution
The mass concentration of this solution is as follows:
p(CIO,™) = 10 mgl/l

Pipette 1 ml of chlorite stock solution (5.12) into a graduated flask of nominal capacity 100 ml, add 0,1 ml of sodium
hydroxide solution (5.5) and make up to volume with water (clause 5).

Prepare the solution on the day of use.

Other stgndard solutions can be made by respective dilutions of the chlorite standard solution.
5.14 Anjon calibration solutions
5.14.1 Chlorate, chloride calibration solutions

Depending on the anion concentration expected, use the stock solutions (5.12) or the’ mixed standard solution
(5.13.1) to prepare 5 to 10 calibration solutions distributed over the expected working range as evenly ag possible.

For exanjple, proceed as follows for the range 0,1 mg/l to 1,0 mg/l CIO5™, CI™.

Into a sefies of graduated flasks of nominal capacity 100 ml, pipette a ¥olume of 1 ml, 2 ml, 3 ml, 4 ml} 5 ml, 6 ml,
7 ml, 8 ml, 9 ml, and 10 ml of the mixed standard solution (5.13.1), ‘add 0,1 ml of sodium hydroxide s¢lution (5.5)
and diluzl to volume with water (clause 5). The concentrations of ClO3~ and CI” in these calibration solutions are 0,1
mg/l, 0,2|mg/l, 0,3 mg/l, 0,4 mg/l, 0,5 mg/l, 0,6 mg/l, 0,7 mg/l, 0,8 mg/l, 0,9 mg/l and 1,0 mg/l respectively}

Prepare the calibration solutions on the day of use.
5.14.2 Chlorite calibration solutions

Depending on the anion concentration expected; use the stock solution (5.12) or the chlorite standard solution
(5.13.2) to prepare 5 to 10 calibration solutions distributed over the expected working range as evenly ag possible.

For exanjple, proceed as follows for the-tange 0,1 mg/l to 1,0 mg/l CIO,™:

Into a sefies of graduated flasks\of ' nominal capacity 100 ml, pipette a volume of 1 ml, 2 ml, ml, 4 ml,{5 ml, 6 ml,
7 ml, 8 ml, 9 ml, and 10 ml of‘the chlorite standard solution (5.13.2), add 0,1 ml of sodium hydroxide splution (5.5)
and dilutg to volume with water (clause 5). The concentrations of CIO,™ in these calibration solutions gre 0,1 mg/l,
0,2 mg/l,10,3 mg/l, 0,4 mgll; 0,5 mg/l, 0,6 mg/l, 0,7 mg/l, 0,8 mg/l, 0,9 mg/l and 1,0 mg/l respectively.

Prepare the calibration solutions on the day of use.

5.15 Blank/solutions

Fill a graduated flask of nominal capacity 100 mI up to volume with water (clause 5) and add 0,1 ml of sodium
hydroxide solution (5.5).

6 Apparatus

Usual laboratory apparatus, and, in particular

6.1 lon chromatographic system , complying with the quality requirements of clause 7. In general, it shall consist
of the following components (see figure 1):

a) Eluent reservoir;
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b) Pump, suitable for HPLC;
c) Sample injection system incorporating a sample loop (e.g. sample loop of volume 50 pl);

d) Precolumn (see 9.2) e.g. containing the same resin material as the analytical seperator column or those being
packed with a macroporous polymer;

e) Separator column with the specified separating performance (clause 7);

f)  Conductivity detector (with or without a suppressor device assembly) or UV detector (e.g. spectral photometer;
190 to 400 nm) or amperometric detector;

g) Recording device (e.g. recorder, integrator with printer);

h) Cartridges or columns with non-polar phases to be used for sample preparation (e.g. polyvinylpyrrglidone or
RPC14! cartridges; 8.1.9);

i)  Cationjexchanger in the Ag form (cartridge; 8.2);

j)  Cationjexchanger in the H form (cartridge, 8.2).

Sample injection
system

Separator
Eluent Pump Precolumn P Detector Whste
column

Registration and
evaluation

Figure 1 — Schematic:representation of an ion chromatography system

7 Quality|requirements for:the separator column

Separation |conditions shall_be such that possible interfering anions (fluoride, chlorite, chloride, nitrite, |bromide,
chlorate angl nitrate) at@a €oncentration level of 1 mg/l each (see figure 2) do not interfere with the anions ¢f interest
at a concengration ofd"mg/l.

Regarding ¢hrematograms of samples and standard solutions with higher concentrations, peak resolution R shall
not fall belowtR)= 1,3 [see equation (1) and figure 3].

1 The use of RP C18 material is restricted by the pH of the eluent. Thus only RP C18 cartridges should be used, and not
columns.
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cl-

NO,~

ISO 10304-4:1997(E)

Figure 2 — Example of chromatogram from a column conforming to this part of ISO 10304
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Time,|min

ition sequences and retention times (fg) can vary, depending on type of/column, eluent composition and|eluent flow.

g
[=)]
=

TRo !

Peak 2

fRﬂ ‘

Peak 1 ‘

| i

n \ Time
Figure 3 — Graphical representation of parameters used to calculate peak resolution R
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Calculate the peak resolution R using equation (1).

2(tro —tr1)

©1SO

Ry = W W) @)
where
Ry 1 is the resolution for the peak pair 2,1,
Irq is the retention time, in seconds, of the first peak;
ro is the retention time, in seconds, of the second peak;
W12 is the peak width, in seconds, on the time axis of the first peak;
w,2 is the peak width, in seconds, on the time axis of the second peak.

8 Sampling and sample pretreatment

8.1 Gene

8.1.1 ltisi
damaged o
10304.

8.1.2 Use

8.1.3 Aftern
(5.5).

NOTE Be a

8.1.4 After
prevent ads

8.1.5 Ifan
deep-freezi

8.1.6 To §
injection,an

8.1.7 Perior
remove any

al requirements

Mmportant to ensure that the laboratory receives a sample whichvis truly representative and has
 changed during transport or storage. Sampling is not patt. of the method specified in this pa
Clean polyethylene or glass vessels for sampling.

sample collection, adjust the pH of the samples to a value of 10 £ 0,5 with sodium hydroxide

are of CI~ contamination when using pH-glectrodes.
the arrival of the sample in the laboratory, filter it through a membrane filter (of pore size 0,4
orption of the anions onto pafticulate matter or conversion of anions by bacterial growth.
Ng (—16 °C to —20 °€);-provided this procedure will not impair the results.

void precipitation-during analysis caused by changing pH values, check the sample pH
1 adjust the pH-of the sample to the pH of the eluent if necessary (see 5.11).

to injection’into the analyser, filter the sample again through a membrane filter (of pore size 0,
partiCulate matter if present.

not been
rt of 1ISO

e solution

15 um) to

immediate analysis is notfeasible, stabilize the membrane-filtered sample by cooling it (2 °C t¢ 6 °C) or

prior to

15 um) to

8.1.8 Avoi

H_cantamination of the samnle from the membrane (e a_rinse the membrane with a small amo
L \ J

nt of the

sample itself, and discard the first portion of the filtrate).

8.1.9 Waters strongly contaminated with organics can damage the separator column. In this case it is advisable to
dilute the sample and to filter it via a nonpolar phase [e.g. polyvinylpyrrolidone, 6.1 h)] prior to injection (9.2).

8.1.10 Treat blank (5.15) and calibration solutions (5.14) in the same manner as the sample solutions.

2

10

w,, w, are the widths of the base of the isosceles triangle constructed representing 4 times the standard deviation of the Gaussian peak.
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8.1.11 Continue with 8.2 if elevated levels of chloride or bromide interfere with the determination of chlorite or

chlorate.

8.2 Sample pretreatment in the case of elevated levels of chloride and bromide

If levels of chloride or bromide are such that peak resolution is no longer acceptable (see clause 7), reduce their

levels by

the use of a cation exchanger as follows:

a) dilute the sample if necessary, and run it through a strongly acidic cation exchanger in the Ag form3 [cartridge,
6.1 i)] to remove dissolved halides from the sample;

b) run fhefittratethrotghacatiomrexchanger-intheH-form*feartridge; 6-1 ) toremovedissotved-sitver ions from
the ¢luate;

c) chromatograph the treated sample as described in clause 9;

d) treafblank solution (5.15) and calibration solution (5.14) in the same manner.

9 Procgedure

Set up the ion chromatograph (6.1) according to the instrument manufacturet®s instructions (e.g. the ipstrument is

ready forn operation as soon as the baseline is stable). Perform the calibration described in 9.1. Measure samples

and blank solutions (5.15) as described in 9.2.

9.1 Callbration

Inject the calibration solutions. Identify the peaks for particularanions by comparing the retention times with those of

the stanglard solutions (see 5.14). Take into account the fact that the retention times can be dependent on

concentrgition and matrix. In calculating concentrations;tse the characteristic that the area (or height) |of the peak

(signal) i$ proportional to the concentration of the anion.

When th¢ analytical system is first evaluated, and at intervals afterwards, establish a calibration functipn (see 1SO

8466-1) for the measurement as follows.

9.1.1 Prepare calibration solutions assdescribed in 5.14.

9.1.2 Analyse the calibration solutions chromatographically.

9.13 U

be the data obtained to calculate the regression line. Reject if it is not linear (for linearity critg

ria, refer to

ISO 8466-1). Equation (2),(ealibration function) applies for the ion i to be determined:
YiF bipi + @ (2)
where:
: is_the measured value (t:i7n of Qign:\l)’ in_terms of pn:\l{ hnighf or Im:ml( area, e
millimetres or microvolt seconds, respectively;
b, is the slope of the calibration function, e.g. mm ¢ I/mg; pV ¢ s « I/mg;
P, is the mass concentration, in milligrams per litre, of the ion i;

or microvolt seconds.

3 Before use rinse with water (clause 5).

pressed in

is the ordinate intercept of the calibration function (calculated blank), expressed e.g. in millimetres
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9.1.4 Subsequently, check the continuing validity of the established calibration function (9.3).

9.2 Measurement of samples using the standard calibration procedure

After establishing the calibration function, inject the pretreated sample (clause 8) into the chromatograph and
measure the peaks as above (clause 9).

In general the use of a precolumn is strongly recommended, especially for the injection of waters strongly
contaminated with organics (8.1.9), in order to protect the analytical separator column. Two different types of
precolumns can be used: those containing the same resin material as the analytical separator column and those
packed with a macroporous polymer (6.1).

If the ion cgncentration of the sample to be analysed exceeds the calibration range, dilute the sample anJi analyse
it. Sometimes it is necessary to establish a separate calibration function for the lower concentration range.

If matrix intgrferences are expected, use the method of standard addition to safeguard the results*(verify the peaks
by comparing the retention times of the spiked sample with those of the original sample).

Measure the blank solution (5.15) in the same manner.
9.3 Validity check of the calibration function

In order to Jerify the continuing validity of the calibration function, measure a’minimum of two calibration sqglutions of
different copcentrations in the lower and upper parts of the working range.) This should take place after the setup
procedure (clause 9) and after each sample series (9.2) at least, but inlany case after 20 measurements or 5 in
case of amperometric detection.

Calculate the mass concentrations of the analysed calibration selutions using the inverse calibration fungtion [see

clause 10, ¢quation (3)]. The concentrations shall be in the range of the confidence band. If the calibration function
is not valid,|carry out a new calibration (9.1).

10 Calcufation

Estimate the mass concentration, g;, in milligrams per litre, of the anion in the solution using the peak areap or peak
heights and the inverse calibration equation (3) (9.1.3) as follows:

Y~ &

3
b ©)

£i 7

For an explanation of thevariables see equation (2).

Take into a¢count allef the dilution steps.

11 Expr ssion of resylts

Report the results to a maximum of two significant figures.
Example:

Chlorate (CIO3™) 0,050 mg/l

Chloride (CI") 35 mg/I

Chlorite (CIO,™) 0,15 mgl/l

12
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12 Test report

The test report shall contain at least the following information:

a) a reference to this part of ISO 10304;

b) identity of the water sample;

c) expression of the results according to clause 11,

d) description of sample pretreatment, if relevant;

e) description of the chromatographic conditions: type of instrument and column, column diméngions, eluent

flowrate, type of detector and detector parameters;

f) description of the method used for the evaluation (peak height or peak area);
Q) dalculation of the results (linear calibration function, method of standard addition);
h) gny deviation from this method and information on all circumstances which’may have influenced|the results.

13
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Annex A
(informative)

Interlaboratory trial

©1SO

An interlaboratory trial was organized in Germany in 1996 with laboratories from France and Germany participating.
A variety of instruments and other analytical conditions were used which conformed with the quality parameters

specified in[the method given In this part of ISO 10304.

For the desgription of sample matrix see table A.1.

The statisti¢al data of results are presented in tables A.2 to A.4.
The coefficients of variation of the procedure V. (obtained from determined calibration functions analogous

described in 9.1) are listed in table A.5. The data came from laboratories participating in the interlaboratd
Germany inf 1996.

14
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Table A.1 — Description of sample matrix

Sample No.
land 2 3and 4 5and 6 7and8
Parameter Sample matrix
Synthetic water | Drinking water River water $wimming
pool water

Base-capacity (mmol/) 0,09 0,39 1,24 0,12
Acid-capacity (mmol/l) 0,22 2,75 3,79 0,29
S (Ca*+Mg*) (mmol/l) 0,61 7,7 10,6 0,82
Hydrogencarbonate (mg/l) 13,3 167,3 2312 17,8
Fluoride (mg/l) 0,12 0,25 0,13 0,05
Chloride (mg/l) 16,1 59,5 68,4 80,2
Nitrate (mg/l) 18,5 4.8 21,8 11,6
Phosphate (mg/l) 0,27 0,05 0,48 0,12
Sulfate (mg/l) 35,1 81,7 58,9 15,7
Bromide (mg/l) 0,24 0,06 0,08 0,005
Chlorate (mg/l) 0,08
Chlorite (mg/l)
Sodium (mg/l) 215 82,5 82,1 15,1
Potassium (mg/l) 31,7 3,6 4,5 2,5
Magnesium (mg/) | - 23,0 14,8 12,1
Calciwmy(mg/) [ - 14,1 52,1 26,3
DOE€ (mgll) 0,27 0,52 0,95 0,7
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