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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each 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, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 19340:2017(E)

Water quality — Determination of dissolved perchlorate —
Method using ion chromatography (IC)

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
determine the applicability of any other restrictions.

IMPQRTANT — It is absolutely essential that tests conducted in accordance with;this document
be carried out by suitably qualified staff.

1 $cope

This|document specifies a method for the determination of dissolved perchlorate in water (¢.g. drinking
watelr, mineral water, raw water, surface water, partially treated water‘or swimming pool yater, waste
watelr from drinking/swimming pool water treatment plants).

Apprjopriate pre-treatment of the sample (e.g. matrix elimination) allows a direct deterjmination of
perchlorate = 1 pg/L.

The Wworking range is restricted by the ion-exchange capacity of the separator column. Dilution of the
sample to the working range can be necessary.

2 ormative references

The following documents are referred to inthe text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of-the referenced document (including any amendments) applies.

[SO 3696, Water for analytical laboratory use — Specification and test methods

ISO B466-1, Water quality (— Calibration and evaluation of analytical methods and eftimation of
perfdrmance characteristicsy— Part 1: Statistical evaluation of the linear calibration function

ISO B466-2, Water quality — Calibration and evaluation of analytical methods and eftimation of
perfdrmance chardcteristics — Part 2: Calibration strategy for non-linear second-orden calibration
functions

3 Termsand definitions

N t, VP I PN T PP LY A NP | Hmraand
(0] TS anG atrmrcronr s ar C s tetTr s GOt ot

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

4 Interferences

Perchlorate is known to be susceptible to microbiological degradation in the absence of nitrate and by
anaerobic bacteria (References [5] and [6]).

© IS0 2017 - All rights reserved 1
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Any substance that has a retention time coinciding with perchlorate and producing a detector response
can interfere. Co-elution can be solved by changing separator columns, eluent strength (e.g. gradient
elution), modifying the eluent with organic solvents or by selective removal of the interference by
sample pre-treatment.

Higher chloride, sulfate, nitrate, orthophosphate, hydrogen carbonate and carbonate concentrations
(e.g. 1 g/1) can interfere with the determination of perchlorate (co-elution) or can have an impact on
the retention time or the peak shape (distortion) or recovery of perchlorate. This effect can be checked
for every matrix by standard addition and the recovery of perchlorate should be within 85 % to 115 %.
Interferences can be reduced by sample dilution or with the aid of special cation exchangers (see 7.2
and Clause 9) or be resolved by the application of advanced inline cutting or re-injection techniques

(see Annexé

Metals like
separator ¢
the aid of sp

Solid partic
lifetime of t}

5 Princi

The method
sample volu

If necessary
Clause 9).

Measureme
concentrati

Perchlorate

As stationaf
dibasic acid
hydroxide-¢

Resolution,

5/, Band CJ.

lumn or suppressor resulting in a loss of performance. Metal ions can be eliminated
ecial cation exchangers (see Annex A and Clause 9).

es and organic compounds (such as mineral oils, detergents and humic.acids) shorte
e pre-column and the separator column (see Clause 9).

ple

requires the application of high-capacity separator colimns which allow the injecti
mes, e.g. up to 4 ml.

, the sample is pre-treated in order to remove_anhions, metals, organics and solids|

ht of perchlorate is performed with or withoGt matrix elimination and with or without
n (see 10.3 and Annexes A, B and C).

is separated by ion chromatography- (IC) with suppressed conductivity detection (CD)
y phase, an anion exchange resin-is used. Aqueous solutions of salts of monobasic acid

luent and an organic modifigr like acetone or acetonitrile (6.3).

R, shall be checked toensure that it complies with the required separation conditions

The concenfration of perchlorate is determined after a calibration according to ISO 8466

[SO 8466-2.

Control exjy
determinati
are expecte

eriments~dare necessary to check the validity of the calibration function. Repl
ons can-benecessary. The method of standard addition can be applied if matrix interferg
.

iron or aluminium present in samples and eluent will bind to the resin matetial of the

with

h the

bn of

(see

pre-

5 and

5 are used as eluents for isqoctatic or gradient elution e.g. carbonate-, hydrogen carbonate-,

8.1).

1 or

icate
nces

6 Reagents

Use only reagents of pro analysis grade free of compounds containing perchlorate. Weigh the
reagents with an accuracy of +1 % of the nominal mass, unless stated otherwise. Prepare alternative
concentrations or volumes of solutions as described in 6.3 to 6.5, if necessary. Alternatively, use
commercially available solutions of the required concentration.

6.1 Water, ISO 3696, grade 1 and with a resistivity of 2 18,2 MQ cm (25 °C).

6.2 Sodium perchlorate, NaClO4, > 99 %.

© ISO 2017 - All rights reserved
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6.3 Eluents.

Degas all eluents used. Take steps to avoid any renewed air pick-up during operation (e.g. by helium
sparging, inline degasser).

The choice of eluent (e.g. based on sodium carbonate or sodium hydroxide solutions, potassium
hydroxide, mixed with an organic modifier, if needed) depends on the choice of column and detector;
seek advice from the column supplier. Apply eluents that were prepared manually, by inline dilution or
electrochemically in situ. The chosen combination of separator column and eluent shall conform to the
resolution requirements stated in 8.1. Use eluents as long as the requirements in Clause 8 and in 10.3
are met.

An example for an appropriate eluent manually prepared is given in 6.3.2.
6.3.1 Sodium hydroxide solution, w(NaOH) = 50 %.

6.3.21 Sodium hydroxide eluent, p(NaOH) = 0,05 mol/I.

Diss

jive 4 g of sodium hydroxide solution (6.3.1) in approximately 900-mlVof water (6.1) ina 1 000 ml
etric flask and dilute to volume with water (6.1). Mix and degas,‘e:g. by sparging with helium for
pximately 10 min. Store the eluent in a glass or polyethene eluént reservoir under an {nert helium
sphere to minimize carbonate contamination. Prepare the.€ldent on the day of use.

volu

appr
atmg

NOTH
resul

Solutions of manually prepared sodium hydroxide can‘be susceptible to carbonate cpntamination

perch

6.4
Depq
percl

conc
perc]

6.4.1
Dry
the d
dilut]

Stord

6.4.2

Fing from adsorption of carbon dioxide from the atmosphere:This contamination can lead to i
lorate retention times, elevated instrument background conductivity and increased baseline 1

Perchlorate standard solution.

nding on the concentrations expected, prepare the following standard solutions
hlorate concentrations from the stock~solution (6.4.1). Note the possible risk of
entration caused by interaction with the vessel material which will increase with
hlorate concentration. Store the standard solutions in polyethene or glass bottles.

Perchlorate stock solution, p(ClOZ) =1000 mg/L

pproximately 1,5 g §odium perchlorate (6.2) at (110 £ 5) °C for 2 h. Dissolve (1,231
ried sodium perchlorate in approximately 800 ml of water (6.1) ina 1 000 ml volumet
e to volume witlrwater (6.1).

the solutien‘at 2 °C to 8 °C in polyethene or glass bottles. The solution is stable for 12

Perchlorate standard solution I, p (CIOZ) =100 mg/1.

reproducible
hoise/drift.

of different
changes in
decreasing

- 0,001) g of
ric flask and

months.
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volume with water (6.1).

Store the solution at 2 °C to 8 °C in polyethene or glass bottles. The solution is stable for six months.

6.4.3 Perchlorate standard solution II, p(ClOZ) =1 mg/l.

Pipette 1,0 ml of standard solution I (6.4.2) into a 100 ml volumetric flask, dilute to volume with
water (6.1).

Store the solution at 2 °C to 8 °C in polyethene or glass bottles. The solution is stable for three months.

© IS0 2017 - All rights reserved
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6.5 Perchlorate calibration solutions

Depending on the perchlorate concentration expected in the sample, use the perchlorate standard
solutions I or II (6.4.2 or 6.4.3) to prepare 5 to 10 calibration solutions distributed over the expected
working range as evenly as possible.

For example, proceed as follows for the range 1 ug/l to 5,5 ug/l perchlorate. Pipette into a series of
100 ml volumetric flasks the volumes described in Table 1.

Table 1 — Example for the preparation of calibration solutions

Volume stangard

solution 11 (4.4.3) 100 ul {150 ul {200 1 {250 ul {300l {350 pul {400 ul {450 ul [500 ul | 55Q pl

p(ClOZ) (g/D 1 1,5 2 2,5 3 3,5 4 4,5 5 4,5

Prepare the|calibration solutions on the day of use.

6.6 BlanKk solution

Fill a volumetric flask (e.g. 100 ml) with water (6.1).

7 Apparatus

The usual laboratory apparatus and, in particular, the following:

7.1 Ion chromatographic system, complying with.the* quality requirements given in Clause 8, i.e.
resolution. In general, it shall consist of the following carmnponents (see Figure 1).

7.1.1 Separator column, with the specified separating performance (8.1).

7.1.2 Precolumn, if necessary (see Clause.4).
NOTE The use of a precolumn is advantageous not only for the analyses of waters highly loaded with organics
(see Clause 4). It serves as well to protect’the separator column. In general, two different types of precolumuns are

available: thdse containing the same_or similar resin material as the separator column, and those packed with a
non-functionplised resin.

7.1.3 Confuctivity detector (CD), with a suppressor device.

7.1.4 Elu¢nt reservoir and a degassing unit.

7.1.5 IC-pump. suitable for isocratic or gradient technique, respectively.

7.1.6 Sample delivery device, e.g. sample pump, including a sample injection system incorporating a
sample loop of appropriate volume (e.g. 1 ml to 4 ml) or an autosampler device.

7.1.7 Recording device, e.g. PC with software for chromatography data acquisition and evaluation.
7.2 SPE-cartridges.

7.2.1 Cation exchanger in the Na-form, optional: metal clean up column for inline use.

4 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=8e417c264bbe6a4332309cea515378db

IS0 19340:2017(E)

7.2.2 Cartridges, with non-polar phases to be used for sample preparation (e.g. polyvinylpyrrolidone,

RP C18).
Sample
injection
Pre- Separator Suppressor CD- Data
IC-P .
Eluent == ump = columna [ | column 7| device | | detector [ | analysis
Waste Waste
a ptional.

8 (Quality requirements

8.1

of in
cond

If R
conc

— dilute the sample,

—

—

— 1nodify the eluent with organic solvents,

— ]

q

— dletermine recovery or apply standard addition.

In chomatograms of samples and standard solutigns, the peak resolution, R, betwee

dpply column cut or re-injection techniques according to Annex B or Annex C, and

Figure 1 — Schematic representation of an ion chromatégraphic system

Performance of the separator column

erest and its nearest peak shall not fall below'1,3 (see Formula (1) and Figure 2)
itions shall be such that possible interfering@nions will not interfere with the anion of

fails the criteria = 1,3 or perchlorate elutes as a rider peak (see Figure A.1) dy
entrations of matrix ions (e.g. chloridé, sulfate, nitrate and carbonate), then if necessar

hange separator columns,

hange the eluent strength (e.g. gradient elution),

emove the interference selectively by sample pre-treatment (Annex A), and/or

n the anion
Separation
interest.

e to higher
Y,
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Key
w1 width of
wy  width of

peak 1
peak 2

tr retention time, in seconds

y  signal
peak 1

N =

peak 2

Figure 2

— Graphical representation of the parameters to calculate the peak resolution,

NOTE1  Wlithin the scope of this document, the calculation of resolution, R, is appropriate for both iso

and gradient

elution.

e peak resolution Ry 1 for the peak pair 2,1 using Formula (1):
¥(tpo —tR1)

Wz + Wl
the retention time, in seconds, of the first peak;

the retention time, in seconds, of the second peak;

R

Cratic

@)

Calculate th
2
Ry1 =
where
tr1 is
trz is
wyp is
wy is

the peak width, in seconds, on the time axis of the first peak;

the peak width, in seconds, on the time axis of the second peak.

NOTE 2 w1, wy being the base width of the constructed isosceles triangle over each Gaussian peak.

8.2 Materials

All materials used shall not add a positive or negative bias to the perchlorate result.

9 Sampl

ing and sample pre-treatment

Use clean vessels (e.g. glass, polyethene, polypropene, PTFE) for sampling.

6
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Perchlorate is known to be susceptible to microbiological degradation in absence of nitrate and by
anaerobic bacteria (see References [5] and [6]). If necessary, reduce these risks by filtering the sample
using a 0,2 um membrane filter at the sampling site. Store the sample with headspace to reduce the
potential for degradation by any remaining organisms (see References [5] and [6]). Cooling the sample
during transportation is advisable.

If necessary, eliminate metals with the aid of cation exchangers (e.g. SPE-cartridge in the Na-form).

If necessary, remove solids with the aid of a membrane filter of pore size 0,45 pm.

NOTE Hydrophlhc polypropylene or polyethersulfonate fllters can be applled as they have been
proved acce i perchlorate (see

Reference [ 7]) If necessary, remove organlc compounds and solids w1th the ald of a non-polariadlsorbent (e.g.
SPE-dartridge, column) or dialysis.

Analyse the sample within 28 d after sampling.

10 Procedure

10.11 General

Set fip the ion chromatographic system (7.1) in accordance-with the instrument mapufacturer’s
instrjuctions.

Run the eluent. Once the baseline is stable, analysis can begin.

Perf@rm the calibration as given in 10.2. Measure the,samples and blank solution (6.6) according to 10.3.

10.2 Calibration

Injedt the perchlorate calibration solutions\(6.5). The measured signal (peak area or pedk height) is
propprtional to the perchlorate concentration.

Whep the analytical system is first Started up and at intervals afterwards, establish { calibration
function (see ISO 8466-1 or I1SO 8466-2).

Use the data obtained (peakiarea or peak height) to calculate the regression line as [specified in
ISO §466-1 or ISO 8466-2(

Subsgquently, verify the'continuing validity of the established calibration function (10.4).
NOTH Generally, the calibration method is not restricted to a calibration strategy covefing a single

concgntration dedade as specified in ISO 8466-1 or ISO 8466-2 only. When calibrating over a larg¢r range than
one cpncentration decade, a loss of accuracy, compared to that specified in ISO 8466-1 or ISO 8466-, can occur.

10.3 Measurement of perchlorate

After establishing the calibration function, inject the sample into the chromatograph and measure the
peaks as described above. Prior to injection into the analyser, filter the sample through a membrane
filter (pore size according to the manufacturer’s instruction) to remove any particulate matter, if
necessary. Prevent possible contamination of the sample from the membrane (e.g. rinse the membrane
with a small volume of the sample and discard the first portion of the filtrate).

Identify the perchlorate peak by comparing the retention time with that of perchlorate in the calibration
solutions (6.5). Deviation of retention times shall not exceed +10 % within a batch.

If the perchlorate concentration of the sample exceeds the calibration range, dilute the sample and re-
analyse.

© IS0 2017 - All rights reserved 7
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If the sperchlorate concentration of the sample falls lower than the calibration range, establish a

separate cal

ibration function for the lower working range, if necessary.

Matrix interferences can be solved according to Clause 8.

If an influence of matrix components on the perchlorates retention time is suspected, apply the method
of standard addition to confirm the results (verify the peaks by comparing the retention time of the
spiked sample with those of the original sample).

Measure the blank solution (6.6) in the same way.

10.4 Valid

In order to
of different
accordingly
after 20 me
necessary. R

11 Calcul
Calculate tH

solution usi
[SO 8466-2

Take into ac

12 Expre:

= 1 1 £l 131 - £ Jun.
Ly LIITCUR U UIT LA atiull Ui

verify the validity of the calibration function, measure independent standard solu
perchlorate concentrations in the lower and upper third of the working range. Pra
after the set up procedure (10.1) and after each sample series at least, but’in any
hsurements. Recovery shall be within 85 % to 115 % of the nominal value. Recalibr
eplicate determinations can be necessary.

ation
ng the peak areas or peak heights and calibration function as specified in 1SO 8466
(10.2).

count all of the dilution steps.

s5sion of results

Results shall be reported to a maximum of two significant figures.

EXAMPLE

Perchlorate

Perchlorate

|
|

CIOZ) 15 pg/l

c10;) 1,8 ug/l

13 Test report

ort shall.eontain at least the following information:

method used, together with a reference to this document, i.e. ISO 19340;

kions

ceed
case,
te, if

le mass concentration, p, in micrograms or milligramssper litre of perchlorate if the

-1 or

of the sample;

The test rep|
a) thetest
b) identity
C) express
d)
e) anydev
f)
8

ion of the results according to Clause 12;

description of sample pre-treatment, if relevant;

iation from this method;

report of all circumstances that can have affected the results.
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Annex A
(normative)

Elimination of dissolved sulfate, chloride, hydrogen carbonate,

carbonate and metals

A1l
This
The 1

A.2
See

This
carb
up tg

A.3
See (

Decr]

A4
See (

A.4.]

A.4.2

volu

Dissllve 3,7.g calcium chloride dihydrate (A.4.1) in approximately 80 ml water (6.1)

General
annex specifies the determination of perchlorate using offline matrix elimination.

equirements given in Clauses 1 to 13 remain valid.

Scope
lause 1 and the following.
modification is applicable for samples with higher loadsfofl dissolved salts (e.g. chloi
bnate) causing interference with the perchlorate determihation applying sample inject]
4 ml. The method is applicable for the determination of perchlorate concentrations =
Principle
lause 5 and the following.

ease the dissolved salt concentrations.using cation exchange SPE-cartridges.

Reagents

lause 6 and the following:

Calcium chloride dihydrate, CaCl-2H>O0.

Calcium ehloride solution, p(CaZ+), approximately 10 g/I.

etric flask and dilute to volume with water (6.1).

"ide, sulfate,
ion volumes

L pg/l.

n a 100 ml

A5

Apparatus

See Clause 7 and the following.

A.5.1 Cartridges.

A.5.1.1 Cation exchanger in the H-form (cartridge).

A.5.1.2 Cation exchanger in the Ag-form (cartridge).

A.5.1.3 Cation exchanger in the Ba-form (cartridge).

© ISO
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A.6 Quality requirements

See Clause 8 and the following.

Figure A.1 gives an example for the separation of perchlorate applying cation exchanged SPE-cartridges.

Conditions for the chromatogram are shown in Figure A.1.

Sample:

Column:
Eluent:
Sample inje
Eluent flow
Detection:

Column ove

10

River water, spiked with 3 pg/1 ClO,

(matrix: 660 mg/1 chloride, 260 mg/I sulfate, 14 mg/I nitrate)

'tion volume:

rate:

N temperature:

Ion exchanger, 2 mm x 250 mm format
35 mmol/1 KOH

750 pl

0,25 ml/min

Suppressed CD

30°C

© ISO 2017 - All rights reserved
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a) Untreated sample
b
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D
1 1 1 I 1 1 1 I 1 1 Jo J 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I
0 2 4 6 8 10 12 14 16 18 20 22 24 26 tpg
b) Treated sample
Key
1  perchlorate
tr 1etention time, min
K nhdnr‘fivify] pﬂ/r‘m

Figure A.1 — Example of a chromatogram of untreated and treated samples

A.7 Procedure

A.7.1 Sample preparation

See Clause 9 and the following.

Remove chloride, sulfate, carbonate and hydrogen carbonate using ion exchange cartridges (A.5.1) (see
Reference [8]).

© IS0 2017 - All rights reserved
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Consider applying the following when using ion exchange cartridges: Carry out the following elution
steps with a constant flow rate of between 1 ml/min to 2 ml/min. In addition, purge the sample
with an inert gas (e.g. nitrogen or helium) to eliminate carbon dioxide (formed from carbonate and
hydrogen carbonate salts), if necessary. The cartridges can be used for different samples as long as the
chromatographic resolution, R, between perchlorate and its nearest peak does not fall below R = 1,3 (8.1).

Ba cartridges require the presence of Ca2* or Mg2+ ions in the sample. The Ba ions of the respective
resin need to be mobilized for the precipitation reaction with sulfate. This can happen either by calcium
ions being present in the sample or, in case of low calcium containing sample, by a calcium chloride
solution (A.4.2) added to the sample prior to the SPE-treatment. The chloride salt of the displacing
calcium cation is used because the chloride counter ion can be trapped on the Ag-form resin. As long

as the Chromatograpmc resolution does not rall below K= 1,5 (6.1), a calcium chloride solution Lb.4-.2)

need not bejadded.

Prepare the|sample preparation cartridges (one each being Ba-loaded, Ag-loaded and in the H-fornp or a
cartridge cgmbining all three resins in one housing) according to the manufacturer's recommenddtion.

Connect the|individual cartridges in order of Ba, Ag, H (Figure A.2) and rinse the cartridges with water
(6.1) before juse, according to the manufacturer’s recommendation.

Sample
Ba 2+-cartridge Sulfate elimination
Ag +-cartridge Chloride elimination
H +-cartridge Metal and carbonate elimination
Purge Carbon dioxide elimination

12

Pre-
treated
sample

Figure A.2 — Pre-treatment steps for samples
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Spike the sample with an appropriate amount of calcium, if necessary, e.g. adjust a concentration of
100 mg/1 Ca2+, dissolving 1 ml of the calcium chloride solution (A.4.2) in a 100 ml volumetric flask and
dilute to volume with sample.

NOTE Ca2+-concentrations below 100 mg/1 can lead to an incomplete elimination of sulfate ions. It might be
helpful to check the Ca2* content of the sample before spiking additional calcium chloride to the sample as long as
the resolution, R, falls below 1,3.

Apply the spiked sample to the cartridge train at less than 2 ml/min. Follow the manufacturer’s
recommendation, e.g. discard the first 3 ml for a 1,0 ml cartridge and 6 ml for a 2,5 ml cartridge.

A.7.2—Measurementofperchlorate —

Meagure the pre-treated samples as described in 10.3.

Figute A.1 shows a typical chromatogram of a real sample with and without SPE sample prgparation.

Alternatively apply inline matrix elimination techniques according to Annex Bior Annex C.
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Annex B
(normative)

Determination of perchlorate using inline matrix elimination and

B.1 Gene€

This annex 4
of the re-inj

The require

B.2 Scop

See Clause ]|

This modifi
carbonate) g
up to 4 ml. T

This modifi
matrix and {

B.3 Pring

See Clause §

Decrease tf
separated p

A second i
(Figure B.1;

Matrix elim
concentrato

Elute the di
perchlorate

applying re-injection analysis

ral

pecifies the determination of perchlorate using an inline matrix elimination and applic
bction technique using a single eluent and a single separator column.

ments given in Clauses 1 to 13 remain valid.

c
and the following.

Cation is applicable for samples with higher loads of dissolved salts (e.g. chloride, su
ausinginterference with the determination of perchlerate applying sample injection vol
he method is applicable for the determination of perchlorate concentrations = 1 ug/l.

o collect perchlorate on a concentrator column or in a loop.

Ciple
and the following.

le dissolved salt concentrations using an inline matrix elimination step after hj
erchlorate from the majoriions on the separator column.

jection valve is used/for matrix elimination, collection and re-injection of perchl
left injection valve);

ination is defievby diverting the volume of suppressed eluent collecting perchlorate
Ir or in a loop-The volume containing the matrix ions is directed to waste.

Verted, eluent fraction from the concentrator or loop to the same separator column, W
is separated from the remaining anions and detected by suppressed conductivity.

htion

Ifate,
mes

cation utilizes inline techniques to reduce dissolved salts concentrations in the sample

ving

brate

on a

rhere

B.4 Apparatus

See Clause 7 and the following.

In general, an ion chromatographic system including an inline matrix elimination system and applying

re-injection

14

analysis consists of the following components (see Figure B.1).
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Eluent

IC-Pump

|

/ O Precolumn

O_Concentrator 0 ol Sample o

column loop !

Separator
O column

'

Suppkressor
device

Waste Waste Sample

'

Conductivity
detector

bcorder

Figure B.1 — Schematic representation of an;ion chromatographic system including
matrix elimination system'and applying re-injection analysis

B.5 | Quality requirements
See (lause 8 and the following.
Figure B.2 gives an example for the separation of perchlorate after matrix elimination.

Conditions for the chromatogram are shown in Figure B.2.

y an inline

Sample: Artificial ground water (matrix = 100 mg/I chloride,
hydrogen carbonate, nitrate, sulfate) spiked with 2 pg/1 ClQ

Column: Ion exchanger

Eluent: 10 mmol/1 NazCQ3

Sample injection volume: 1000 pl

Eluent flow rate: 0,8 ml/min

Detection: CD

Column oven temperature: 60 °C

© IS0 2017 - All rights reserved
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1,3
1,28 -
1,26
1,24 -

1,22 -

1,2
1,18 —\’/\\

1,28 -
1,26 -
1,24
1,22 -
1,2

1,18 -

a) First injection

retention time, min

conducti
begin of
end of r¢

ity, uS/cm
Fe-injectionl window
-injéction window

perchlor

te

b) Second injection

10 12ty

Figure B.2 — Example for a chromatogram of an artificial ground water sample using
inline matrix elimination of perchlorate and applying re-injection analysis
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B.6 Procedure
See Clause 10 and the following.

For validation of the procedural conditions, it is essential to determine the start and stop times of the
re-injection window times for the primary column to ensure the best possible recovery of perchlorate.
Carry out all of the procedural steps in accordance with the manufacturer’s instructions. Analyse a
calibration solution (e.g. 6.5) for the determination of the stop time of the re-injection window.

Alternatively apply matrix elimination techniques according to Annex A or Annex C.
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Annex C
(normative)

Determination of perchlorate using inline matrix

elimination and concentration applying two-dimensional ion

chromatography (2DIC)

C.1 Gened

This annex
concentrati
of identical

The require

C.2 Scop
See Clause ]|

This modifi
carbonate)
volumes up
of 21 ng/l.

This modifi
matrix and
separator c(

C.3 Pring

See Clause §

Decrease th
perchlorate

Matrix elim
concentrato

The diverte

ral

cpecifies the determination of perchlorate using an inline matrix eliminatien and s

pr different selectivity and format.

ments given in Clauses 1 to 13 remain valid.

e
and the following.

Cation is applicable for samples with higher loads<f dissolved salts (e.g. chloride, su
causing interference with the determination of perchlorate applying sample inje
to 4 ml. The method is applicable for the;determination of perchlorate concentra

Cation utilizes inline techniques to decrease dissolved salts concentrations in the sa
rollects perchlorate on an inline corcentrator device (e.g. column) or in a loop applying
lumns of identical or different selectivity (heart-cutting).

Ciple
and the following,

le dissolved salt“concentrations using an inline matrix elimination step after hg
separated.

nation is\achieved by diverting the volume of suppressed eluent containing perchlorat

Ir or leop. The volume containing the matrix ions is directed to waste.

dCeluent fraction is transferred from the concentrator column or the loop onto a s¢

ple

n step and applying two eluents of differing elution strength and two separation colymns

Ifate,
ction
kions

mple
F two

ving

P to a

cond

separator ¢

olumn, where perchlorate 1S separated Irom the remalning anions and detecte

d by

suppressed conductivity. A concentration step is achieved by using a second column with a smaller

inner diame

ter compared to the first column.

C.4 Reagents

See Clause 6.

C.5 Apparatus

See Clause 7 and the following
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C.5.2

C.5.3

C.5.4

C.5.5

Second pump.

Second injection valve (used for matrix elimination).
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Set of two column sets with identical or different selectivity or format.

Second suppressor.

Second conductivity detector.

In gejneral, a 2DIC system consists of the following components (see Figure C.1).

Separation Dimension 1 Separation Dimensi
Eluent 1 Elbent 2
1 . Y
Injection valve 2
IC-Pump 1 [C-Pump 2
C Concer{trator --------- :
Injection
Sample v]alve 1 : | co]l,l]mn I 77777777 .
o - i
|
Precolumn a | i Precolumn 2
|
| ;
Separator | aste Separator
column A | column B
| :

r | '
Suppressor | Suppressor
device 1 I device 2
| | é
Conductivity | _! Conductivity
detector 1 detector 2

Y
Recorder Waste Recorder

bn 2

Figure C.1 — Schematic representation of a two-dimensional ion chromatographic system

Optional.

separation of matrix from analytes

separation of perchlorate in dimension 2

concentration of perchlorate followed by separation in dimension 1

(2DIC) including inline matrix elimination, analyte concentration and two separator columns
with different selectivity or formats

© IS0 2017 - All rights reserved
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C.6 Quality requirements

See Clause 8 and the following.

Figure C.2 gives an example for the separation of perchlorate applying 2DIC.
Conditions for the chromatogram are shown in Figure C.2.

First dimension

Sample: Ground water containing 5,6 ug/1 Cl0,
Column/colimn temperature: Ion exchanger of Type A (4 mm x 250 mm) at 30 °C
Eluent: 40 mmol/1 KOH
Sample inje¢tion volume: 1000 pl
Eluent flow fate: 1 ml/min
Detection: CD
K
1
0,8 _—
%o 1
04 - 3
02 F 2
0:...l....l....I....l....l....l....l
0 5 10 15 20 25 30 35 tg
a) First dimension
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