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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Chromium (Cr) exists in natural resources and is also widely used in industries as plating agents, paints,
dyes, catalysts, and dietary supplements. The Cr(VI) compounds are highly harmful and recognized to
be a human carcinogen. The Cr(III) compounds are recently used as a substitute for Cr(VI) compounds in
industries, e.g. plating. In wastewater, surface water, or drinking water, chromium mainly exists in two
oxidation states: +3 [Cr(III)] and +6 [Cr(VI)]. However, the proportion between Cr(VI) and Cr(III) is quite
variable. Therefore, the determination of the individual oxidation states of chromium is crucial to evaluate
and control the risk of chromium to human and environmental health. This document will be beneficial to
perform a robust, simple, and rapid determination of chromium of the individual oxidation states.
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Water

quality — Determination of chromium/(VI)

and chromium(IIl) in water — Method using liquid
chromatography with inductively coupled plasma mass
spectrometry (LC-ICP-MS) after chelating pretreatment

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.it
the responsibility of the user to establish appropriate safety and health practices.

IMPORTANT — It is absolutely essential that tests conducted according to this document
out by suitably qualified staff.

1 Scop

s use. It is

be carried

This document specifies a method for the determination of hexavalent.¢chromium [Cr(VI)] and trivalent

chromium
(LC-ICP-M{

This meth
water, gro
mass. Sam
appropriat

2 Norm

The follow
requireme
the latest ¢

ISO 8466-]
function

3 Term

[Cr(III)] in water by liquid chromatography with inductively,coupled plasma mass sp¢
) after chelating pretreatment.

pd is applicable to the determination of Cr(VI) andEr(III) dissolved in wastewat]
indwater, or drinking water from 0,20 pg/1 to 500~ig/1 of each compound as chrq

e dilution of the sample.

ative references

ng documents are referred to in thetext in such a way that some or all of their content
nts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

, Water quality — Calibration and evaluation of analytical methods — Part 1: Linear

s and definitions

No terms ajnd definitions are listed in this document.

ISO and IE
ISO On

[ maintain terminology databases for use in standardization at the following addresse

ectrometry

er, surface
mium (Cr)

ples containing Cr at concentrations higher thamthe working range can be analysed following

ronstitutes
references,

calibration

2]

lirre browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

4 Principle

The chemical forms of various Cr(Ill) species in water samples are unified to a stable Cr(III) complex by
a chelating pretreatment with 2,6-pyridinedicarboxylic acid (PDCA) or ethylenediaminetetraacetic acid
(EDTA) after adjusting the sample solution pH to 6,9 + 0,1.11l[2] Liquid chromatography combined with
inductively coupled plasma mass spectrometry (LC-ICP-MS) determines the chromatographically separated
Cr(VI) and the Cr(II1)-PDCA complex or Cr(III)-EDTA complex in the pretreated sample solutions.
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5 Interferences

5.1 General

If any of the interferences described in 5.2 to 5.5 are recognized or can be expected due to additional
information about the sample, the sum of Cr(VI) and Cr(IIl) concentrations determined by the proposed
method should be compared with the total Cr concentration which can be determined by ICP-MS.

If the Cr(III) and Cr(VI) species are properly determined by the proposed method, the sum of Cr(IIl) and
Cr(VI) should agree with the total Cr with a difference of <30 %. An exceedance of this limit (30 %) indicates

the occurrence of interferences.

nanoparticlg
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S, c01101ds) These stable spec1es can be so small that they are not retalned even by filtrat
er membrane. However, as they are uncomplexed, they will not be detected by the LC!ICP-
s result in a greater difference between the sum of Cr species determined by LC-ICP-MS-and
on.

5 or oxidants in the sample may lead to false results for the Cr(VIJ-and/or Cr(III) cor

I ascorbic acid at 1 mg/1 or 10 mg C/I, respectively, cause the reduction within 10 min
igh concentrations may slowly reduce Cr(VI) to Cr(III). Feryexample, tartaric acid at
(VI) to Cr(IlI) in one night at room temperature, howevér, the same compound at 10 n
he reduction. The sample pH also changes the redox equilibrium between Cr(VI) and
xation equilibrium between Cr species with coexisting inorganic and organic substan

ources of Cr contamination during sampling, sample storage, and sample preparati
bntainers, sampling equipment, reagents; water and human contact. Potential unexpg
tween Cr(III) and Cr(VI) may occurduring these operations. All apparatus and labw4
ng the cleaning procedure (see Glause 7).

ating pretreatment

metal cations at high-concentrations in the sample solution may lead to a negative b
[1I) concentration beeause these metals decrease the concentration of free chelating

formation with-chelating agents. For example, neither cobalt(Il) nor nickel(II) up
owever, thesediietal ionsll and also calcium ion interfere above 100 mg/1.

Lints of organic matter which strongly binds to Cr(III) species in the sample solution 1
y biased.value for the Cr(III) concentration. For example, Cr(III)-PDCA complex form4
iting pretreatment is depressed by the presence of EDTA as an interfering substance 4
ugh mot depressed at 10 mg/1.[1l The opposite is also true and Cr(I11)-EDTA complex fa

PDCA (e.g.
on through
MS analysis
the total Cr

icentration

e reduction of Cr(VI) to Cr(III) or oxidation of Cr(III) to Cr(VI), respectively. For exampl|le, divalent

(1 Organic
100 mg C/1
hg C/1 does
Cr(II1) and
es.[3]

bn include:
cted redox
re shall be

ased value
hgents due
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nay lead to
ition in the
t 100 mg/1
rmation in

the pretresz

tment of (‘rf”n with EDTA is inhibited hv the presence nf]arn'n amounts of PDCA as an

interfering

substance. The depressmn at the chelating procedure can be evaluated by recovery experiments (10.3).

5.5 LC-ICP-MS measurements

Polyatomic ions are formed in the argon plasma of the ICP-MS by the reaction among argon, water, reagents
and sample matrix, etc. The formation of 40Ar12C* and 37CI10* may interfere with the ICP-MS detection of
Cr at mass-to-charge ratio (m/z) 52 and at m/z 53, respectively. Some of the interferences such as 40Ar12C*
can be reduced by using a collision-reaction cell of the ICP-MS. On the other hand, some of the interferences
such as 37C1160* can be reduced by chromatographic separation of chloride (Cl) ions from the Cr species.[]
High-resolution or tandem mass spectrometers, e.g. sector-field or MS/MS-type mass spectrometers, can
also reduce the polyatomic interferences very effectively.
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LC retention time of Cr species may shift for water samples containing salts or organic matter at high
concentrations. If this causes the peak of Cr(III)-PDCA complex [or Cr(III)-EDTA complex] to overlap with
Cr(VI), it may cause positive and negative interferences to Cr(VI) and Cr(IlI), respectively. In such cases,
adjust elution conditions such as composition of eluent to ensure adequate separation.

The metallic parts of LC-ICP-MS instruments, e.g. LC columns, tubes and connectors, potentially contaminate
the eluent if in contact. Therefore, metallic parts or pathways should be avoided or reduced to a minimum.

6 Reagents and standards

Unless otherwise indicated, reagents of purity grade “for analysis” or “for trace analysis” are used as
reagents. If available, use only reagents of pro analysis grade (or purer) free of compounds containing Cr.

Weigh the

Prepare 4
Alternativg

6.1 Watg

The water
above one-

6.2 Nitri

NOTE |
[w(HNO3) =

6.3 Nitri

Transfer 2}
up to mark

6.4 Nitri

Transfer 3

water (6.1)f

6.5 Sodi

6.6 Sodi

Weigh 8 g
50 ml wate
flask (7.14)
be used to

edgents Wit an accuracy or £ 1 7 oI thie nomindl mass, uniess stated otnerwise.

[ternative concentrations and volumes of solutions as described hereafter; if
ly, use commercially available stock solutions of the required concentration.

T, with an electrical resistivity of = 18,2 MQ cm (25 °C).

shall not contain any measurable quantity of Cr(IlI) and Cr(VI) or'interfering comp
third the method quantification limit.

c acid, w(HNO3) = 650 g/kg, p(HNO3) = 1,4 g/ml.

Nitric acid is available as p(HNO3) = 1,38 g/ml [w(HNOg)*= 610 g/kg] and p(HNO;3) 3
690 g/kg] as well as p(HNO3) = 1,40 g/ml [w(HNO3) = 650.g/kg].

c acid stock solution, ¢(HNO3) = 6 mol/1.

with water (6.1).

c acid solution for pH adjustment;¢(HNO;) = 2 mol/1.

B ml of nitric acid stock solution (6.3) to a 100 ml volumetric flask (7.14) and fill up to

um hydroxide, NaOH.

um hydroxide-soelution for pH adjustment, c¢(NaOH) = 2 mol/1.

r (6.1) andstir with a stirrer (7Z.12) until the pellets have dissolved. Transfer toa 100 ml
and fillup to the mark with water (6.1). Commercially available solution of sodium hyq
dillte'them to the required concentration.

necessary.

unds at or

1,42 g/ml

b ml of water (6.1) to 100 ml volumetric flask{7.14), and add 27 ml of nitric acid (6.2) ajnd then fill

mark with

bf sodium hydroxide pellets (6.5) and transfer them to a 100 ml beaker. Then add appjroximately

volumetric
roxide can

6.7 2,6-Pyridinedicarboxylic acid (PDCA), CAS Registry Number®1) 499-83-2, C,H;NO,

6.8 Diso

dium hydrogenphosphate, Na,HPO,.

6.9 Ammonium acetate, CH;COONH,.

1) Chemical Abstracts Service (CAS) Registry Number® is a trademark of the American Chemical Society (ACS). This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of the
product named. Equivalent products may be used if they can be shown to lead to the same results.
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6.10 Ethylenediamine-N,N,N’,N’-tetraacetic acid (EDTA) disodium salt dihydrate (CAS 6381-92-6,
C;0H4Na,;N,04-2H,0) or EDTA dipotassium salt dihydrate (CAS 25102-12-9, C;,H;4K,N,04-2H,0).

6.11 Ammonia solution, mass fraction, w(NH,OH) = 280 g/kg.

6.12 Ammonia solution for pH adjustment, c(NH;) = 1 mol/L.

6.13 Pota

ssium dichromate, K,Cr,0-.

6.14 Chromium(III) nitrate nonahydrate, Cr(NO5);-9H,0.

6.15 Cr(
WARNING

Heat 5 g o
desiccator.
volumetrid
the require

6.16 Cr(V

Transfer 1,
with water

6.17 Cr(Il
Dissolve 7,

volumetrid
Commercig

6.18 Cr(Il

Transfer 1,
with water

6.19 PDC(]

Dissolve 3

) stocK solution, p[Cr{VIJ] = I 000 mg/1.
— Potassium chromate can be carcinogenic.

[ potassium dichromate (6.13) at 150 °C for 1 h and then cool at room temperature
Dissolve 2,829 g of the dried potassium dichromate (6.13) with watep (6.1) in 4
flask (7.14) and fill up to mark with water (6.1). Commercially available/Cr(VI) stock
d concentration can be used.

I) standard solution, p[Cr(VI)] = 10 mg/1.

(6.1). Prepare this solution on the day of use.

I) stock solution, p[Cr(III)] =1 000 mg/L.

K96 g of chromium(III) nitrate nonahydrate.(6.14) in 250 ml water and transfer to
flask (7.14). Add 50 ml of nitric acid stockisélution (6.3) and fill up to the mark with {
11ly available Cr(III) stock solution of the-required concentration can be used.

I) standard solution, p[Cr(II])] =10’'mg/1.

00 ml of the Cr(III) stock solution (6.17) to a 100 ml volumetric flask (7.14) and fill up 4
(6.1). Prepare this solutionon the day of use.

A solution, ¢(PDCA) 0,02 mol/1.

35 g of 2,6-pyridinedicarboxylic acid (6.7), 2,85 g of disodium hydrogenphosphate

in a dried
1 000 ml
solution of

00 ml of the Cr(VI) stock solution (6.15) to a 100 ml volumetric flask (7.14) and fill up fo the mark

h 1 000 ml
vater (6.1).

o the mark

(6.8), and

38,5 g of ammonium acefate (6.9) to 900 ml of water (6.1) in a bottle (7.16) of 1 000 ml. Adjust thee pH of the

solution to
adjusted P

The amour

pH 6,9 + Os1using a pH meter (7.11) by adding the sodium hydroxide solution (6.6). T
DCA solution to a 1 000 ml volumetric flask (7.14) and fill up to the mark with water (6}

t oftNaOH solution is approximately 16,5 ml. The pH adjustment from pH 6,0 should b

ransfer the
11).

e carefully

performed

by-adding of NaOH solution by small degrees (e.g. 0,1 ml), because the change of pH is

drastic.

6.20 EDTA solution, c(EDTA) 0,025 mol/L.

Dissolve 9,31 g of ethylenediamine-N,N,N’,N-tetraacetic acid disodium salt or 10,1 g of the dipotassium
salt (6.10) to 900 ml of water (6.1) in a bottle (7.16) of 1 000 ml. Adjust the pH of the solution to pH 6,9 + 0,1
using a pH meter (7.11) by adding the sodium hydroxide solution (6.6). Transfer the adjusted EDTA solution
toa 1000 ml volumetric flask (7.14) and fill up to the mark with water (6.1).

6.21 Mobile phase for LC.

A various mobile phase can be used in accordance with the type of LC column used. The composition of the
mobile phase depends on the chosen LC column. Examples are given in Annexes A and B. Weigh each mobile
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phase reagent according to its composition, transfer the reagent to a bottle (7.16) and dissolve with water
(6.1). If pH adjustment is required, adjust the pH of the solution to the optimum pH by adding alkali or acid.
Transfer the adjusted mobile phase solution to volumetric flask (7.14) and fill with water (6.1) to adjust to
final concentrations.

The pH adjustment by immersing the pH glass electrode in the mobile phase may result in contamination of
the mobile phase. For this reason, a small amount of the mobile phase should be taken in advance into a test
tube (7.7) with a clean pipette (7.13) to determine the amount of alkali or acid required for pH adjustment.
The use of organic solvents in the mobile phase should be avoided because the carbon deteriorates stability
of measurements of LC-ICP-MS due to the deposits and the quantification of limit due to the polyatomic

interference, e.g. argon-carbon ion on m/z 52.

7 Appa

Apparatus
metallic an

7.1 Liqu
LC and ICP,

The outlet
The intern
short as p
fluoropoly
according {
of each ins

711 LC

A column
separation|

NOTE 4
phases can
cation exch

id chromatograph-inductively coupled plasma-mass spectrometer\(LC-ICP-MS)

Ho

ratus

or parts which may come into contact with a water sample or an eluent of L(.shoy
d free from Cr and interfering substances.

tMS instruments.

of the LC column is connected to the inlet of the nebulizer of the ICP-MS using a con
al diameter of the connector tube should be less than 0,25 @m and the length s
ssible (e.g. less than 100 mm) in order to avoid the separation efficiency obtained
mer or polyetheretherketone (PEEK) tube should be used™Since the operating condi
o the instruments, the operator shall thus refer to the instructions provided by the m

rument. Examples of the operating conditions of LCX[GP-MS are given in Annexes A an

instrument, equipped with a pump for LC, a sample injector, and an LC column.

bven can be used to stabilize the column-temperature. The column shall be capable
of Cr(VI) and Cr(III)-PDCA complex or.Cp(I11)-EDTA complex.

An autosampler or manual injector cai.be used as the sample injector. Various column types
be used for separating Cr species{An anion exchange column or a mixed-mode-column wit
ingers are typically used. Examples are provided in Annexes A and B.

Id be non-

, including

ctor tube.
uld be as
with LC. A
ions differ
nufacturer
B.

of baseline

and mobile
h anion and

7.1.2 ICR-MS instrument, inductively coupled argon plasma-mass spectrometer.

As a mass §pectrometer, quadrupole mass spectrometer with a collision/reaction cell, double focusing mass
spectrometer, or tandem mass spectrometers (MS/MS-type) is available. Further information on the ICP-MS
instrumentation is givendnISO 17294-1:2004, Clause 5[41.

7.2 Sample colléction bottles, polyethylene, polypropylene, borosilicate glass, or fluoropolymer of a
capacity off 10 mlt0"100 ml, with caps, lined with polymers.

7.3 Filte - ydrophilic

polyvinylidene fluoride (PVDF) of

NOTE

pore size 0,45 pm.

analytical column.

7.4 Micr

olitre syringe or pipette, materials which are free from Cr,

Inline or automated filtration techniques can be applied for sample filtration or additional protection of the

e.g. polypropylene,

polytetrafluoroethylene (PTFE), glass, and titanium, of a capacity of 10 pl to 200 pl, used for dosing Cr
standard solutions at preparation of calibration solutions, recovery tests, or injection of the pretreated
sample solution into an LC-ICP-MS system.
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7.5 Screw-capped test tubes, materials which are free from Cr, e.g. polypropylene, of a capacity of 10 ml,
with non-metallic material stoppers, e.g. polypropylene or polyethylene, used for chelating pretreatment.

The volume of the test tube can be changed if the temperature of the solution in the test tube is kept at the
set temperature given in 9.1.2. Also, the easily oxidizable material (e.g. high-density polyethylene) should be
avoided because Cr(VI) possibly reduces to Cr(III) at the heating of chelating treatments.

7.6 Heating block, capable of heating the test tubes (7.5) at (80 % 3) °C or (70 * 3) °C, used for PDCA or
EDTA chelating pretreatment, respectively.

7.7 Stoppered test tubes, of a capacity of 10 ml, used for pre-examination to adjust the pH of the water
sample (9.1.1).

7.8 Wh(Jle pipette, of a capacity 10 ml, used for measuring the volume of water sample.

7.9 LC vjals, materials which are free from Cr, e.g. polypropylene, of a capacity of 1anl‘or 2 ml, with non-
metallic material stoppers, e.g. polypropylene.

7.10 Balances, analytical type capable of weighing with an accuracy of 0,1 mg.

7.11 pH meter, equipped with a glass electrode.

7.12 Maghetic stirrer, with PTFE-coated stirring bar of suitable Size.

7.13 Dispjosable pasteur pipettes, borosilicate glass.

7.14 Volumetric flasks, of different capacities (e.g. 20-mil, 100 ml and 1 000 ml), which should|be cleaned
properly tq be free from Cr, used for preparation of saimples, standard solutions and mobile phasgs.

7.15 Pipeftes, of a capacity of 0,1 ml to 10-ml, adjustable or fixed with suitable pipettpe tips, e.g.
polypropylene, used for dosing the chelating reagents or for diluting a sample.

7.16 Bott]es, of different capacities (&:g>100 ml and 1 000 ml), which should be cleaned properly to be free
from Cr, used for pH adjustment of the/chelating solution and mobile phase of LC-ICP-MS.

New bottlegs (7.2 and 7.16), micrelitre syringe (7.4), screw-capped test tubes (7.5), stoppered test fubes (7.7),
whole pipefttes (7.8), LC vials'(£9), pipettes (7.13 and 7.15), and volumetric flasks (7.14) are cleangd by filling
with dilutdd HNO; or HClfe:g. 1 mol/]) for at least 24 h. They are rinsed at least three times with water (6.1)
and kept in] or filled with*water for at least 24 h. Rinse the bottles with water (6.1) and dry them plrior to use.
8 Sampling;preservation and storage of samples

Samples afecollected into rigorously cleaned bottles (7.2). Collected samples are filtered onsite through

a 0,45 um filter (7.3). Use a portion of the sample to rinse the filter and collect the required volume of
the filtrate. The filtrated samples are shipped to laboratory at (5 + 3) °C and are then stored at (3 + 2) °C
before the sample preparation (9.1). If immediate filtration on site is impossible, samples may be shipped to
laboratory at (5 * 3) °C from the time of collection until filtration and then the reason and the time shall be
added to the test report. The sample preparation (9.1) shall be completed not later than 24 h after sampling.
After the chelating pretreatment (9.1.2), the samples shall be stored cool and dark at (3 * 2) °C. The samples
shall be analysed by LC-ICP-MS within two weeks of the PDCA and EDTA chelating pretreatments (9.1.2).
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9 Procedure

9.1 Sample preparation

9.1.1 pH-adjustment of water sample

Transfer 10 ml of the filtrated water sample with a whole pipette (7.8) into a 20 ml volumetric flask (7.14). If
the pH of the water sample is within 6,9 + 0,1, no pH adjustment is necessary. If the pH is outside the range,
adjust pH of the water sample without contamination of the sample by immersion of the pH electrode. Take
another 10 ml of the filtrated water sample with a whole pipette (7.8) into a test tube (7.7) and measure with
a pH meter while adding nitric acid solution (6.4) or hydroxide solution (6.6) in small quantities to estimate
necessary amount of acid or alkali for pH adjustment to 6,9 + 0,1. Then, add the estimated amounts of nitric

acid solutid
2 ml of PD(
and swirl i

[tisrecom
the solutio

When using a different final solution volume for the chelating procedure (e.g. 10 ml), it is rec

to keep th¢
5:1:10. The|

If the cond
amounts o

with the chelation of Cr(III), the water samples should be diluted-with water (6.1) or a smaller

be transfer

For sampld
Cr(IID), the
using hydr|

9.1.2 Ch

Transfer a
heat the so
EDTA-chel
solution is

If the susp

The tempe,
heat-transf
avoid the |
temperatu

Complex fd
some sam

n (6.4) or hydroxide solution (6.6) to the filtrated water sample in the 20 ml volumeti
LA solution (6.19) or EDTA solution (6.20) to the water sample and fill up to mark with
f gently to mix.

mended to use a pH meter which can measure a sample with a small volume,(e)g. 0,1 ml}
h onto the flat sensor in a measuring scoop.

b volume ratios of the filtrated water sample and PDCA or EDTAselution to the final
exact volumes of the water sample can also be calculated from¢ts weight and density.

entrations of Cr(IIl) or Cr(VI) in water samples are higher than the working rang
fcoexisting substances (e.g. the transition cations described in 5.4) can be expected th

red into the 20 ml volumetric flask (7.14). Automatic dilution techniques can be used i

s containing oxidizing or reducing substances that interfere with the determination of]
pretreatment described in ISO 11083:1994, 5.2,[2] is applied to remove the interfering
pxide, aluminium sulfate, phosphoric acid;-or sulfite.

elating pretreatment

small amount (e.g. 5 ml) of the solution treated in 9.1.1 to a screw-capped test tub
lution in the test tube for 3Q.min at (80 + 3) °C for PDCA-chelation or for 60 min at (7(
htion, respectively, after the)temperature of the solution reaches the set temperature. ]
cooled to room temperature.

ension is produced with the pretreatment, the solution is filtrated through a 0,45 pum fj

rature of the-fest solution is lower than the set temperature of heater in the case of i
er from the heater or in the case of a large volume of a test solution (e.g. more than
problems, the temperature of the test solution should be confirmed to be the same
e in advance.

- flask. Add
water (6.1)

by placing

bmmended
solution at

re or large
ht interfere
hliquot can
f available.

Cr(VI) and
substances

e (7.5) and
* 3) °C for
he treated

lter (7.3).

nsufficient
20 ml). To
as the set

rination of Cr(III) with the chelating agents is not always completed within the set

fime under

te conditions i the presence of farge amounts of COexiSting SUbSTances (€.g. orga

ic matter)

which bind strongly to Cr(III), especially as the chelation rate of Cr(III) with EDTA is slower than that with
PDCA. Dilution or reduction of the volume of the water sample according to 9.1.1 is effective to overcome the
interference.

9.2 Optimization of operating condition for LC-ICP-MS

The ICP-MS instrument (7.1.2) shall be optimized according to the manufacturer’s instructions.

Start up the LC system (7.1.1) in accordance with the manufacturer’s instructions, set the pump flow rate
and couple the column outlet to the inlet of nebulizer of the ICP-MS instrument (7.1.2) with the connector

tube. Ensur

e that the baseline is stable and the mobile phase flows sufficiently from the column.
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If setting up the method for the first time, check the retention time and identity of each Cr species [Cr(VI)
and Cr(Ill)] carefully. It is recommended that the chelating-treated standard solutions including only
Cr(VI) or Cr(III)-PDCA [or Cr(III)-EDTA] complex are injected separately for checking the retention time in
the chromatogram with ICP-MS detection at m/z 52 and m/z 53. Examples of chromatograms are given in
Annexes A and B.

Determine the appropriate LC and ICP-MS condition experimentally during method development and
validation. Examples of operating conditions of LC-ICP-MS are given in Annexes A and B.

9.3 Identification of Cr(VI) and Cr(III) on LC-ICP-MS

Inject the treated samples (9.1.2) into the optimized LC-ICP-MS system (9.2). Identify the Cr(VI) and Cr(III)

chelate cor"lplm( by comparing the retention times of Q;\mplpc and those of calibration solutions (7 0_2)_

Individual Cr(VI) and Cr(III) chelate complex are regarded as identified in the sample if:

the rel
match
within|

two pH
same

ptive or the absolute retention time of sample component measured in LC-ICR<MS chrq
bs the relative or absolute retention time of the reference substances dinCcalibrati
+ 2,5 % or + 0,2 min, respectively, measured under identical conditiong, aurd

aks at m/z = 52 and 53 should occur at the reference substance-specific retention tim
vidth and shape, and

Ther
the sa

NOTE ]
For such sa
retention ti

aIEo of peak area (or peak height) at m/z = 52 and 53 for the Cr(VI) and Cr(III) chelate

ples should match the ratio of those in the calibration solutions within + 30 %.

'he retention time of Cr species can shift for water samples.with high content of salts or org
mples, identification can be possible by spiking Cr(VI) and Cr(III) species into sample and co
me of sample component with and without spike after€helating pretreatment. The dilution

the injection of a smaller volume into LC column is also effective to overcome this influence.

9.4 Blan

Check that
conduct th
blank test{

If unusual
contamina

10 Calib

10.1 Gen

For routing
ICP-MS me

1k value measurements

the instruments and reagents are jn-a proper condition by carrying out regular blay
e blank tests, prepare and analysé10 ml of water (6.1) in the same way as the sample.
should preferably be carried out-with each batch of samples.

blank values occur, find the'reason for this by systematic investigations, so that th

fion can be eliminated.

ration

bral requirements

e analysis, only a calibration over the total procedures including chelating pretreatmg
hsutements shall be applied.

matogram
n solution

e, with the

complex in

anic matter.
mparing the
f sample or

1k tests. To
Procedural

b source of

ent and LC-

Determine

the Ilnear working range using at least Iitve measuring points oI diiferent conce

accordance with ISO 8466-1.

ntration in

The calibration function for a substance is valid only for the measured concentration range. Additionally, the
calibration function depends on the condition of the instrument. A calibration shall be run every day when
the LC-ICP-MS is used for Cr speciation. A drift check sample (e.g. a calibration solution that is prepared at
described in 10.2) can be used to check the response factor for drifting during a longer sequence (more than
20 samples). Table 1 explains the subscripts used in the formulae and in the following text.
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Table 1 — Explanation of subscripts

Subscript Meaning
e Calibration step
d Determination step for the sample
i Identity of the target substance
j Consecutive figure for the pairs of values

10.2 Calibration covering the total procedure

Prepare a series of mixed calibration solutions for Cr(VI) and Cr(III) by mixing and diluting 10 mg/1 of Cr(VI)

standard s

Transfer 1
(7.8), add 2

NOTE1
respectively

Transfer a
in the test
respective

To prevent

performed|
solutions.

NOTEZ2 ]

pretreated
MS measurd

The tempe,
insufficien
20 ml). To

temperatu

Inject the
system (7.1

Plot the vallues of y; . ; for each Cr/species i on the ordinate and the associated mass concentrati

the abscisg

Determine
measured

Yie =T

’

olution (6.16) and 10 mg /1l of Cr(1IN standard solution (6.183)
—J o7 Ay J —7

ml of each of these calibration solutions to a 20 ml volumetric flask (7.14) with-a wh
ml of PDCA solution (6.19) or EDTA solution (6.20), and fill up to the mark with'water

r reduced if the ratios of the volumes are kept the same.

small volume (e.g. 5 ml) of each solution to a screw-capped test tube (7.5) and heat t
tube for 30 min at (80 * 3) °C for PDCA-chelation or for 60 min at\(*/0 * 3) °C for EDTA
y, after the temperature of the solution reaches the set temperature.

changes in the oxidation number of Cr(VI) and Cr(lil)) chelating pretreatment
as soon as possible (within 1 hour at the most) after, the preparation of the mixed

'he preparation of calibration solutions can be automated by the automatic inline dilution of
alibration solution with the chelating solution (6.19 or 6.20) diluted 10-fold with water (6.1) af
ments if the accuracy and precision of the measuyrements are not respectively lost.

rature of the solution in the test tube is"lower than the set temperature of heater in
I heat-transfer from the heater or in the case of a large volume of the solution (e.g.
hvoid the problems, the temperaturé.of the solution should be confirmed to be the sam
e in advance.

Calibration solutions for CrfMI) and Cr(III) after the chelating pretreatment into the
).
a.

the linear regression function using the corresponding pairs of values y; . ; and p
beries in acCordance with Formula (1):

ni,epi,e +bi,e

ole pipette
6.1).

'he volume of the chelating solution (6.19 or 6.20) and the total volume of the calibration solyition can be

he solution
\-chelation,

should be
calibration

bne chelate-
the LC-ICP-

the case of
more than

e as the set

LC-ICP-MS
bns p; . ; ON
e, j Of the

)

where

is the dependent variable corresponding to the measured response, expressed in units

which will

depend on the method, e.g. area value, for a given p; , of target substance i in the calibration;

is the independent variable corresponding to the mass concentration, expressed in

micrograms per litre, of the substance i in the calibration solution;

is the slope of the calibration curve from y; , as a function of the mass concentration p; ., often

called the response factor;

is the ordinate intercept of the calibration.
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10.3 Recovery test of target substances

When analysing an unknown sample or a sample susceptible to matrix effects, e.g. loss or redox conversion
of Cr(VI) or Cr(Ill), a recovery test should be carried out. This recovery test comprises the analysis of an
unspiked sample and the spiked sample with a known target concentration, as well as blanks and standards.

For example, add 10 pl of 10 mg/1 standard solution of Cr(VI) (6.16) or Cr(III) (6.18) to 10 ml of a water
sample, respectively. Analyse the spiked and unspiked water samples, as well as the standard solution of the
Cr species at 10 pg/l and a blank solution as given in Clause 9.

Calculate the recovery 4, in accordance with Formula (2).

A (yi,spk _yi,unspk)

(2)

.yi,spk

yi,unspk

yi,std

JYiblk

Recovery {
insufficien
or co-eluti
Clause 5 is
the improy

11 Calcu

11.1 Use

Determine
procedure
shall cover

¥ (yi,std _yi,blk)

is the recovery of the added target substance i in per cent, %;

is the measured response (integration units, e.g. for peak areaor peak heig
substance i for spiked water sample;

is the measured response (integration units, e.g. for péak area or peak heig
substance i for unspiked water sample;

is the measured response (integration units, e:g for peak area or peak heig
substance i for the standard solution;

is the measured response (integration undits, e.g. for peak area or peak heig
substance i for the blank solution.

F efficiency or redox conversion betweénCr(VI) and Cr(III) species at the chelating pr
bn of interfering substances for ICP-MS detection, respectively. If the interference aq
observed, operate to reduce the/interference according to Clause 9 (e.g. dilution of san
ement, perform the recovery testagain and confirm that it is within the range.

lation

of the calibrationcurve to determine the result

the result for-each sample using the calibration curve prepared as described in 10.2
shall always be used for calibration. The concentrations used to prepare the calibre
the concentrations in the samples.

ht) of the

ht) of the

ht) of the

ht) of the

hould preferably be in the range from 80-% up to 120 %. A lower or higher value indicates an

ptreatment
cording to
hple). After

. The same
tion curve

11.2 Calculation of results after calibration
Calculate the mass concentration p; 4 of target substance i in accordance with Formula (3) after solving
Formula (1):
_ (J/i,d _bi,e)
Pid=— _—

m; e
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Pid
b.

ie

mi,e
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is the measured value, expressed in units which will depend on the method of measure
e.g. peak area, for target substance 7 in the sample;

ment used,

is the mass concentration of target substance i in the sample, expressed in micrograms per litre;

see Formula (1);

see Formula (1).

When a procedural blank value is observed, subtract it to obtain the mass concentration in the sample.

11.3 Tred

If the conc
the water {

itment of results lying outside the calibration range

ample is diluted with water (6.1) as described in the procedure given in 9.1.1!

12 Expression of results

The analys
is consider

The result
used for ed

EXAMPLE

Cr(VI)
Cr(11D)

13 Test 1
The testre|
a)
b)
9
d)
e)

the ted

all infd

the res

detaild
resultd

is results obtained when applying this document are subject to,axmeéasurement uncer
ed in the interpretation of the results (see Annex C).

b obtained are expressed in micrograms of Cr per litre (ug/] as Cr), applying the diluf]
ch sample. Give the results with two significant digits.

0,35 ug/lasCr
0,82 ng/las Cr

eport
port shall contain at least the following information:
t method used, together-ith a reference to this document, i.e. ISO 24384:2024;

rmation necessary farithe complete identification of the sample;

the sample storage protocol;

ults obtained for the individual Cr species, expressed in accordance with Clause 12;

of any-deviations from this procedure and of all circumstances which may have infl

entration of the target substances in the sample exceeds the upper limit of thealibration curve,

tainty that

ion factors

uenced the

f) theda
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Annex A
(informative)

Example of an operating condition of LC-ICP-MS and chromatogram of
Cr(VI) and Cr(III) in the case of PDCA-chelating pretreatment

Table A.1 — Example of an operating condition of LC-ICP-MS

LCa

ColumnP Column of a mixed-bed of anion and cation exchangers, e.g. lonPac-CG5A (i.d.:
4 mm, length: 50 mm)

Mobile phage composition 2 mmol/1 PDCA, 2 mmol/1 Na,HPO, 10 mmol/I Nal, 50 mme}/t CH;COONH, at pH
6,9

Separationftemperature (25%3)°C

Injection vglume 20 pl or 100 pl

Connecting tube between LC and | PEEK tube (i.d.: 0,17 mm, length: 50 mm)
ICP-MS insfruments

Flow rate 0,2 ml/min

ICP-MS¢

Nebulizer Quartz concentric

RF Power 1500 W

Plasma gas|flow rate 15 1/min

Carrier gas|flow rate 1,0 l/min

Make-up ggs flow rate 0,11/min

Monitored |sotope 52Cr and 53Cr under a collision cell mode using 5,0 ml/min He

a2 The oth¢r conditions of the LC may be used if they,ean separate Cr(VI) and Cr(III)-PDCA complex and also be shopvn to lead to
the same redults.

b JonPac {G5A is the trade name of a prdduct supplied by Thermo Fisher Scientific, Inc. This information is given for the
convenience|of users of this document and. doées not constitute an endorsement by ISO of the product named. Equivalpent products
may be used|if they can be shown to lead'to/the same results.

¢ The other conditions of the ICP=MS'may be used if they can detect chromium elements of Cr(VI) and Cr(III)-PIDCA complex
and also be dhown to lead to the same results.

Table A.2 — Example of a calibration condition

Number of ptandards 10
Calibration|dymamic range 0,2 pg/1to 100 ug/1 at 52Cr with 20 pl injection volume.
0,05 pg/1to 20 ug/1 at 52Cr with 100 ul injection volume.
Limit of detection 0,044 ug/land 0,077 pg/1 for Cr(VI) and Cr(III), respectively, at 52Cr and with

20 pl injection volume.

0,012 pg/land 0,028 pg/1 for Cr(VI) and Cr(III), respectively, at 52Cr and with
100 pl injection volume.

NOTE The values of limits of detection for Cr species were calculated using values of 3-times the standard
deviation/sensitivity at five repetitive analyses of a standard solution of Cr(III) and Cr(VI) at 0,2 pg/l. The sensitivity
is defined as the signal peak area divided by the concentration.
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NOTE The chromatogram of a standard solution of (1) Cr(III) and(2) Cr(VI) at 0,2 ug/l; injection volfime, 100 pl.
ICP-MS meajsurements were carried out under a collision cell mode with He gas.

Figure A.1 — Example chromatogram of a standard solution containing Cr(VI) and Cx(III)
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Annex B
(informative)

Example of operating condition of LC-ICP-MS and chromatograms of
Cr(VI) and Cr(III) in the case of EDTA-chelating pretreatment

Table B.1 — Example of operating condition of LC-ICP-MS

the same reg

b Metrosd
users of this
they can be

The oth
and also be {

[

LCa
Columnb Anion exchange column; e.g. Metrosep Carb 2
(i.d.: 2 mm, length: 100 mm)
Mobile phage composition 100 mmol/1 HNO3, 156 mmol/1 NH,OH at pH 9
Separation|temperature (30x3)°C
Injection vglume 200 pl
Flow rate 0,2 ml/min
ICP-MS¢
Nebulizer concentric
RF Power 1600W
Plasma gas|flow rate 18 1/min
Carrier gas|flow rate 1,0 1/min
Make-up ggs flow rate 1,2 1/min
Monitored |sotope 52Cr and 53Cr under a collision cell mode using 4,2 ml/min He
a  The oth¢r conditions of the LC may be used if they can separate Cr(VI) and Cr(III)-EDTA complex and also be shovn to lead to

ults.

p Carb 2 is the trade name of a product supplied by Metrohm AG. This information is given for the co
document and does not constitute an endersement by ISO of the product named. Equivalent products m
hown to lead to the same results.

br conditions of the ICP-MS may be\used if they can detect chromium elements of Cr(VI) and Cr(I11)-EJ
hown to lead to the same results.

hvenience of
ay be used if

TA complex

Table B.2 — Example of calibration condition

Number of

standards 10

Calibration

dynamic range 0,05 pg/1to 20 ug/l with 200 pl injection volume

Limits of dg

tection 0,022 pg/land 0,030 pg/1 for Cr(VI) and Cr(III), respectively, at 52Cr and

200 pl injection volume

NOTE ]

deviation/s¢

is defined as the signal peak area divided by the concentratio

n.
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