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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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Introduction

In the environment, metals and metalloids are found in the form of various chemical species. Chemical
speciation makes it possible to identify and quantify these different species. For the same metal or
metalloid, given that the toxicity of each compound may vary significantly, it can be useful to quantify
each of the species present in a given sample. For arsenic, the toxicity of the various species varies
considerably; inorganic species are recognized as being more toxic than organic species and, for
example, the toxicity of As(IIl) is greater than that of As(V). This method is primarily applicable to the

arg
m4
be
ary

determination of arsenite (As(III)) and arsenate (As(V)) as these are the main species of i
e-predomimantspectesfound-inrpotable-water-samptesfre - dertyinggeotogieal strata in

ny parts of the world. Arsenic speciation measurements are important to establish and
5t water treatment technology for arsenic removal from raw waters containing sigdifican
enic.
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Water quality — Determination of arsenic(III) and

arsenic(V) species — Method using high performance liquid

chromatography (HPLC) with detection by inductively

coupled plasma mass spectrometry (ICP-MS) or hydride

WARNING — Persons using this document should be familiar with normal laboratory
This document is not intended to cover any safety problems associated with its use, ifa
It is the responsibility of the user to establish appropriate safety and health practices.

carried out by suitably qualified staff.

Scope

Thiis document specifies a method primarily developed for the-determination of inorgan
Sp
in [waters with a low total organic carbon content such _as/potable water, tap water, surfa
ground waters and rain waters. Information is provided on the determination of potentiall
organo-arsenic species such as methylarsonic acid (MMA) and dimethylarsinic acid (DMA)
belencountered at very low levels in natural surface-waters.

The linear working dynamic range depends op the operating conditions and the method of]
used; under standard conditions, it typically.xanges from 0,5 pg/1 to 50 pg/1 for each specie
containing arsenic at concentrations higher than the linear dynamic range can be analy
sujtable dilution.

Thjis method is based on high performance liquid chromatography separation of arsenic sp

)

practice.
pplicable.

ORTANT — It is absolutely essential that tests conducted in accordance with this document

ic arsenic

pcies (arsenite (As(III)) and arsenate (As(V)) dissolved ifiya sample after a preservatign process

Ce waters,
y relevant
vhich may

detection
5. Samples
r'sed after

bcies with

either inductively coupled mass spectrometry (ICP-MS) or hydride generation atomic fluorescence

spéctrometry (HG-AFS) as asmethod of detection.

The sensitivity of this method depends on the method of detection and the instrumental
conditions selected. The-limit of quantification (LOQ) of the method also depends on the
conditions of the amalytical system used and the extent of the calibration range used. LOQ ex
As[111) and As(V)are provided; LOQs are generally less than 1 pg/l.

Thijis document does not apply to arsenobetaine and other organic arsenic species which are n|
in hatural water samples.

operating
operating
nmples for

ot present

2 | Normative references

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

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

ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

© ISO 2018 - All rights reserved
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ISO 17294-1, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —
Part 1: General guidelines

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

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

— IECE

3.1
analyte
substancd

[SOURCE:
3.2

ectropedia: available at http://www.electropedia.org/

to be determined

ISO/TS 28581:2012, 3.1]

blank caltbration solution

solution p
[SOURCE:
3.3

epared in the same way as the calibration solution but leaving gut the analyte

ISO 17294-1:2004, 3.3]

calibratign solution
solution ysed to calibrate the instrument, prepared from<(a) stock solution(s) or from a certif

standard
[SOURCE:
3.4

ISO 17294-1:2004, 3.4]

stock solution
solution with accurately known analyte cdngentration(s), prepared from suitably pure chemicals

[SOURCE:
3.5

[SO 17294-1:2004, 3.30]

determination
entire projcess from preparingthe test sample solution up to and including measurement and calculat
of the findl result

[SOURCE:

3.6

limit of q
LOQ
lowest co
precision

3.7

ISO 17294+1:2004, 3.6]

hantification

limit of detection

LOD

ed

on

ncentration of an analyte that can be determined with a speciiled degree oI accuracy and

lowest concentration of an analyte that can be detected with a specified degree of accuracy and

precision
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The different arsenic species are separated using a specific column in a high performance liquid
chromatograph (HPLC). The separation of arsenic species in natural water is typically achieved using
strong anion exchange ion chromatography. The species can be separated using isocratic conditions
however faster more efficient separations can be achieved using gradient elution.

This method permits the use of ICP-MS (see Annex A) or HG-AFS (see Annex B) for individual detection
of the various arsenic species.

pre

5

Re
sig
Sa
ar
inj
ars

conditions should be well proven and established.

To
To

6

Dule to significant differences between:the various instrument models and brands availabl

po
pr

Us

6.1
an

Th
Sy
grd

NO
col

ex D provides information on the stability of arsenic species using different “stq
pservations.

Interferences

fention time shift may occur for some water samples, especially whén they are enri
nificant levels of various water matrix ions. These ions compete with-the active sites on th
mple spikes using each of the arsenic species should therefore be Gsed to confirm species
etention time shift is observed. The sample may also be diluteditorovercome this effect or
bction volume may be used with an inferior LOQ. The co-elution of organic arsenic sp¢
enite (As(III)) and arsenate (As(V)) may cause a positiveinterference; therefore, the s

detect ICP-MS interferences, follow the procedure speeified in Annex A.

detect HG-AFS interferences, follow the procedure specified in Annex B.
Apparatus

5sible to give detailed instructions'en their operation. The operator shall thus refer to the in
vided by the manufacturer of each instrument.

1a] laboratory glassware and equipment and, in particular, the following:

High performance’ liquid chromatograph (HPLC), including a column for analyte ¢
1l optionally a chromatographic guard column.

e HPLC systemvmnay be equipped with an autosampler, in-line degassing system and autq
tem for intreducing the sample. In most cases, an isocratic pump can be used; although,
idient pumps to provide optimal separation times is permitted.

TE Various column/eluent pairings can be used for separating arsenic species. A strong anio
L is typically used. Some examples are provided in Annexes A and B.

rage and

rhed with
e column.
identity if
a smaller
pcies with
eparation

b it is not
structions

eparation

injection
the use of

h exchange

6.2 Vacuum filtration system, for filtering the eluent and reagents prepared.

6.3 pH meter, for adjusting pH of eluent to one decimal place between 1,0 and 14,0.

6.4 Inductively coupled plasma mass spectrometer (ICP-MS).

See Annex A.

6.5 Hydride generation atomic fluorescence spectrometer (HG-AFS).

See Annex B.

© ISO 2018 - All rights reserved
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7 Reagents and standards

7.1 Gen

eral requirements

All reagents shall be of known analytical grade. The concentration of the analyte or interfering
substances in the reagents and water should be negligible compared to the lowest concentration to be
determined.

NOTE

Standard stock solutions are commercially available or can be prepared using chemicals of known
analytical purity.

Any reagg

instrument specific and are not included here.

7.2 Water, grade 1, as defined in ISO 3696.

nts used in the preparation of the mobile phases of the HPLC procedure are columfa

7.3 HP1C grade water.

HPLC gra
sample di

7.4 Sodjium hydroxide.

7.5 Sodjium hydroxide solution, 1 mol/l.

Weigh 4 g
50 ml de-
and make

7.6 Hyd

7.7 Hyd

Carefully
1000 ml y

7.8 Nityic acid, mass fraction, 68 % to 72 %.

7.9 Nitylic acid preservation solution for ICP-MS, approximately 6 mol/l.

Carefully
with wate

e water is used to prepare the mobile phase and the calibration solutions and to produce
utions. It can be prepared by suitably purifying water (7.2).

of sodium hydroxide pellets (7.4) and add them teza 100 ml beaker. Then add approximat
onized water and stir until the pellets have dissplved. Transfer to a 100 ml volumetric fI3
up to the mark with de-ionized water (7.2)

rochloric acid, mass fraction 35 % to 37 %.

rochloric acid preservation solution for HG-AFS, approximately 6 mol/l.

add 500 ml of hydrochloric acid (7.6) to 250 ml of water (Z.2). Make up to a final volums
vith water (7.2).

hdd 365 mlvof nitric acid (7.8) to 250 ml of water (7.2). Make up to a final volume of 1 000
r (7.2)-

7.10 Sta1||dard substances

nd

he

ely
sk

of

ml

As(II1): Arsenious oxide Asp03 (CAS No. 1327-53-3);

As(V): Di-

sodium hydrogen arsenate NazHAsO4-7H0 (CAS No. 10048-95-0);

DMA: Dimethylarsinic acid, refer to Annex C;

MMA: Methylarsonic acid acid, refer to Annex C.

7.11 Stock solutions 1 000 mg/1

For each of the species, As(Ill) and As(V), prepare a stock solution with a concentration of 1 000 mg/I
expressed as As.

© ISO 2018 - All rights reser
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These solutions are prepared from the standard substances (7.10).

In 100 ml volumetric flasks, dissolve the appropriate mass of each substance (7.10) as shown in Table 1.

Commercially available As(I11) and As(V) stock solutions of the required concentration can also be used.

Thiese solutions, when stored protected from light and at 4 °C, are considered to be stable for

7.
P

—

The 10 mg/1 single-component working solutions are also stable forione year if they are stored
frdm light and at 4 °C and stabilized in 0,04 mol/I NaOH (7.5) for As(III).

7.

Th calibration solutions are prepared from the 1 000 mg/1 stock solutions (7.12). Tables 2
givyen as examples. The method is primarily for As{(HF and As(V). It may be necessary to ing
an{l MMA standards to prove that the chromatographic separation is acceptable. Additional g
provided in Annex C. Working standards should;be prepared daily.

ipette 1 ml of 1 000 mg/I stock solution (7.11) and dilute to 100 ml in @ yelumetric flask.

Table 1 — Preparation guidelines for 1 000 mg/1 arsenic standards

Species Mass Final volume
g ml
As(I) 0,132 Zml of I mol/TNaOH (Z.5)
made up to 100 ml with water (7.2)
As(V) 0,416 100 ml in water (Z.2)

12 Single component stock solutions 10 mg/1

13 Calibration solutions

Table 2 — Preparation‘guidelines for working arsenic standards

one year.

protected

and 3 are
lude DMA
uidance is

Joncentration Volume of each-stock solution Solution for dilution HPLC grade water
g/l ul (7.3)
1000 100 pl pfieach stock solution 1000 mg/1(Z11) 100 ml
As(III), As(V)
5 500 ul 1000 pg/l 100 ml
10 1000 pl 1000 pg/l 100 ml
25 2500 ul 1000 pg/l 100 ml
50 5000 pl 1000 pg/l 100 ml

To|preparesstandard solutions below 5 pg/1 use the 10 mg/1 intermediate stock to produd

st

dndard’of 100 pg/l. Table 3 is given as an example.

e a mixed

Table 3 — Preparation guidelines for working arsenic standards

Concentration Volume of each working solution | Solution for dilution HPLC grade water

g/l pl (Z.3)

100 1 000 pl of each solution 10 mg/1 (7.12) 100 ml

As(111), As(V)
0,2 200 pl 100 pg/1 100 ml
0,5 500 pl 100 ug/1 100 ml
1,0 1000 pl 100 pg/1 100 ml
2,0 2000 pl 100 pg/1 100 ml
© IS0 2018 - All rights reserved 5
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7.14 Eluents

Various eluents can be used and the choice depends on the type of separation column chosen. The eluent
compositions described in Annex A and Annex B and in the associated tables are given as examples.
Given the number of possible eluents that can be used, this document does not provide guidance on how

to prepare these eluents.

7.15 HPLC trace analysis grade methanol.

1= - 1 g £ 1
8 Sampling; preservatiomandstorageof samples

During the elaboration of this document, the stability of dissolved arsenic species was studied us
various nlethods of storage and preservation. A summary of the findings of this work is provided
Annex D.|Given the possible transformation of arsenate (As(V)) and arsenite (As(III)) species, it
imperative that all laboratories using this document conduct their own investigationste’demonstr

ng
in
is
hte

that their| selected storage and preservation approach is suitable for the water_samiples that their

laboratory may analyse.

This docyment is based on the preservation of dissolved arsenic species-contained in the samjple.

Depending on the type of sample, filtering at 0,45 um, preferably on-site,is\récommended followed
acid stabilization, particularly in the case of ground waters and surface waters.

In the casg of samples of water intended for human consumption with turbidity levels < 2 NFU, filter
at 0,45 pun is not required.

If filtration and subsequent stabilization with acid are not feasible on-site, to minimize variations
terms of dpeciation, these procedures shall be carried out(on receipt in the laboratory and within

more thar 48 h of sampling. Sample preservation with agid shall always be carried out after filtratiopn.

For HG-AJS, samples should be preserved by the addition of 300 pl of 6 mol/1 HCI (7Z.7) per 100 m
sample. This equates to a final concentration of 0,018 mol/1 HCL

For ICP-MF, nitric acid stabilization can be uséd to avoid polyatomic 40Ar35Cl interference for 75As. T
stabilizatijon approach has not been fully tested; therefore, additional verification is strongly advise(

by

ng

in
hot

of

his

In this cage, samples should be preserved by the addition of 300 pul of 6 mol/1 HNO3 per 100 ml of sample.

This equates to a final concentration-of 0,018 mol/1 HNO3.

Samples
are analyged.

Additional guidance ©n'“stability, preservation and storage is provided in Annex D and in
Bibliography.

In general terms;.sampling shall be performed in accordance with ISO 5667-1 and ISO 5667-3, us

suitable sampling containers that have been validated for the stability and storage of arsenic specied.

ay be shipped at reom temperature but should be stored in the laboratory at 4 °C until they

he

ng

9 Procedure

9.1 HPLC instrument optimization

Use the instrument under the manufacturer's standard conditions.

Start up the HPLC system, set the pump flow rate and couple the column outlet to the detection system.

Ensure that the baseline is stable and the eluent has sufficiently flushed the column.

Before running the calibration, check that the chromatographic conditions selected enable satisfactory
separation with minimum resolution between each peak for the highest concentration of standard

solutions.

6 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a0b347e1f94ac04d37a66a6483dc11af

ISO/TS 19620

:2018(E)

Independent from the detection system, identify the analyte by comparing the retention times for the
samples and reference standards. The minimum requirements for identification are retention times
within 0,1 min and relative retention times within 0,5 % over the total run of a chromatogram.

A retention time shift may occur for some samples, especially when they are enriched with significant
levels of various water matrix ions. Sample spikes of each arsenic species should therefore be used to
confirm the species identity if the retention shift observed is greater than 0,2 min. The sample may be
diluted to overcome this effect or a smaller injection volume may be used with an inferior LOQ.

Annex A provides more detailed information on HPLC-ICP-MS using different separations.

A
A
A

ex B provides more detailed information on HPLC-HG-AFS using different separations.
ex C provides information on the separation of organic arsenic species.

ex D provides information on sample storage, preservation and stability of arsenic specie

9.2 Calibration

A

[%2)

9.
Th

a general rule, proceed as follows.
Prepare and measure the blank calibration solution and the calibration solutions prepare

Prepare a calibration graph in accordance with the mamifacturer's instructions accord
processing software used for signal acquisition in coupling mode.

3 Sample measurement

e water samples can be injected with or without dilution depending on the arsenic conc

mgasured previously.

that the sum of the species measured‘remains less than or equal to the total arsenic value 1

Re

bulatory total arsenic measurerments are based on unfiltered samples and, therefore, may

significantly higher result than¢otal dissolved arsenic.

1Q Expression of results

Th

e results obtained\are expressed as pg/l As, applying the dilution factors used for each sa

the results to a maximum of two significant digits.

©lI

din 713.

ing to the

bntrations

Thr preliminary arsenic analysis of the filtered sample provides information on any dilution required
prior to injecting the sample and serves tocheck the consistency of the results. It is important

to ensure
measured.
provide a

mple. Give

SO 2018 - All rights reserved
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EXAMPLE
Arsenic(11I) 1,2 pug/l1
Arsenic(V) 0,5 ng/l1

11 Testreport

The test report shall contain at least the following information:

a) the test method used, together with a reference to this document, i.e. ISO/TS 19620;
b) the inlstrumental and separation conditions used;

c) complete identification of the sample;

d) expression of the results according to Clause 10;

e) any dgtails not specified in this document or considered to be optional, and any particular facfor
liable|to have affected the results.

8 © ISO 2018 - All rights reserved
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Annex A
(normative)

Detection using inductively coupled plasma mass spectrometry

(ICP-MS)

A.Il Principle

Fo
ne
plg
vig
Th
de

A.
Fo

- ICP-MS, the eluted species are entrained in an argon plasma by means of‘a nebuli
bulization chamber. The arsenic compounds contained in the sample are atomized and ion
sma. The ions produced are introduced into the mass spectrometer chamberwhere they 3
a series of charged lenses and separated by a quadrupole, to be ultimately captured by :
e concentration of an element with a specific mass is determined by comparing the quantit
ected in the sample and in the calibration solutions.

P Interferences

- [CP-MS, the interferences encountered for the arsenic/aSsay essentially consist of int

calised by polyatomic species formation. Non-specifichinterferences (or the matrix ef

de
pldg
40
col
an
fre

Th
kn
thd
ele

Us
int
Sy

NO|
10

A.

bcribed in ISO 17294-1. Polyatomic ions are formed-\by concordance of gaseous compou
sma, reagents and the sample matrix (for example, interference with the relative mass d
Ar35Cl and 40Ca35Cl). This interference is particularly important for the element arsenic|
responding to the polyatomic ion ClO having a mass 51 should be monitored if the ma
hlysis contains a high concentration of-chloride ions. The chromatographic separatic
quently provides for the separation of'chloride ions from the species under analysis.

e impact of this effect on the measurement is dependent on the system used; this impa
pwn. If mathematical corrections’/are used, the fact that the extent of the interference d

plasma setting (oxide formation rate, for example) and the mass concentration of the i
ment, which is, in general;avariable component of the sample solution, shall be taken into

ng a reaction/collisien, chamber after the skimmer cone makes it possible to reduce the p
erference caused byzthe molecular species 40Ar35Cl formed. Regardless of the interference
tem used, chloride‘ion related interference shall be controlled in accordance with ISO 172

TE An intéernal standard can be used to check instrumental drift. For example, a solution
g /1 of germanium can be injected.

B “Apparatus

zer and a
zed in the
ire routed
| detector.
ies of ions

brferences
fects) are
hds in the
f 75As by
The mass
rix under
n system

't shall be
bpends on
nterfering
account.

olyatomic
reduction
D4.-1.

containing

Due to significant differences between the various instrument models and brands available, it is not
possible to give detailed instructions on their operation. The operator shall thus refer to the instructions
provided by the manufacturer of each instrument.

A.3.1 Mass spectrometer, with argon plasma as an ion source (ICP-MS).

Depending on the instruments used, the mass spectrometers may be equipped with an interference
reduction device positioned upstream from the mass analyser.

NO

©lI

TE Further information on the instrumentation is described in ISO 17294-1:2004, Clause 5.

SO 2018 - All rights reserved


https://standardsiso.com/api/?name=a0b347e1f94ac04d37a66a6483dc11af

ISO/TS 19620:2018(E)

A.4 Procedure

Use the instrument under the manufacturer’s standard conditions. The following examples are
provided as guidance only and do not endorse specific vendor instrumentation. (See Figures A.1 to A.6

and Tables A.1 to A.18))
Y DMA
30000
L As(III)
MMA
20 000 As(\)
10 0QO0
T L | T | =
200 300 400 500 600 X
Key
X  retentjon time in seconds, s
Y countq per second, cps
Figure A.1 — Typical chromatogram representing four arsenic species
containing 10 pg As/lin 1 % 10 mM EDTA (injection volume 50 pl)
Table A.1 — ICP-MS conditions
Instrument ICP-MS Thermo Elemental®a
Power 1,25 KW
Plasma-forming gas 14,0 1/min
Aucxiliary gas 0,7 1/min
Nebulizer Conikal 1 ml
Interface Xsnickel
Acquisition Peak jumping
a  CP-MS Thermo Elemerital® is an example of a suitable product available commercially. This
information is given for-thé convenience of users of this document and does not constitute an
endorsement by ISO of this product.
Table A.2 — Chromatographic conditions
Pump Agilent 1100® seriesa
Flow rate Isocratic 1 ml/min
Column Hamilton PRP®a-1 (1= 250 mm, ID = 4,1 mm, particle size 10 pm)
Eluent n’l: mM c\mmnnium mnnn]ﬁlydvngnh phncphqtn n’l: mM fatvabutw]ammnhium nhasnh I'e’
3 % volume fraction methanol at pH =9
Injection loop 50 pl

a

Agilent 1100 series® and Hamilton PRP® are examples of suitable products available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of these products.

Table A.3 — Calibration conditions

Number of standards 4

Calibration dynamic range 5pg/lto 50 pg/l
Limit of detection 0,2 ug/l1

Limit of quantification 1 g/l

10
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Key
X | retention time in seconds, s
Y | counts per second, cps

Figure A.2 — Typical chromatogram representing three arsenic species
containing 25 pg/l1 (injection volume20'nl)

Table A.4 — ICP-MS conditions

Instrument ICP-MS Series X INThermo Elemental®a

Power 1,25 KW

Plasma-forming gas 14,0 I/min

Auxiliary gas 0,7 1/ngin

Nebulizer Concentric nebulizer 1 ml

Interface Xtnickel + CCT

Acquisition Scan

a  ICP-MS Series X II Thermo Elemental® is an example of a suitable product available
commercially. This infofimation is given for the convenience of users of this document and does
not constitute an endorsement by ISO of this product.

Table A.5 — Chromatographic conditions

Pymp THenmo P 1000®a

Flpw rate Elution gradient: fixed flow rate at 1 ml/min

Cdlumn Hamilton PRP-X 100®a (I = 250 mm, ID = 4,1 mm, particle size 10 um)

Elfient A: (NH4)2HPO4 / (NH4)H2PO4: 10 mmol/1, 3 % volume fraction methanol at pH =7
B: (NH4)HPO4: 100 mmol/l, 3 % volume fraction methanol at pH = 8,5

Griadient A-B (45 %-55 %) 11 min
A-B (0 %-100 %): 2 min
A-B (45 %-55 %): 5 min

Injection loop 20 ul

a2 Thermo P 1000® and Hamilton PRP-X 100® are examples of suitable products available commercially. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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Table A.6 — Calibration conditions

As(III) As(V)

Number of standards 4 points 4 points

Calibration dynamic range 2,5 ug/lto 25 g/l 2,5 ug/lto 25 ug/l
Limit of detection (theoretical) 0,15 ng/1 0,15 pg/1
Limit of quantification (theoretical) 0,5 pg/l 0,5 pg/l

v As(I1I)

75000
70 000
65 000
60 000
55000
50000
45000
40000
35000
30000
25000
20000
15000
10 000
5000

As(V)

DMA
MMA

o

2 4 6 7 X

Key
X  retentjon time in milliseconds, ms

Y countd per second, cps

Figure AJ3 — 10 pg/1As + 1 % 10 mM EDTA; 100 pl injected; order of elution, As(IlI), DMA, MMA
and As(V), respectively (injection volume 100 pl)

Table A.7 — ICP-MS condition

Instrument ICP-MS 7500ce AGILENT®a
Power 1,55 KW
Plasma-forming gas .
— 151/min
Auxiliarygas
Nebulizer Micromist 1 ml
Interface Skimmer and sampler made of nickel
Acquisition Time resolved analysis

a_ JCP-MS 7500ce AGILENT® jis an example of a suijtable product available
commercially. This information is given for the convenience of users of this document
and does not constitute an endorsement by ISO of this product.
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Pump Dionex ICS-3000®a

Flow rate Isocratic 1 ml/min

Column Hamilton PRP-X100®a (1 =250 mm, ID = 4,1 mm, particle size 10 pm)
Eluent 2,5 mM Na dihydrogen phosphate + 0,5 mM EDTA-2Na + 2,5 % MeOH by

volume fraction atpH =6

Injection loop

100 pl

a  Dionex ICS-3000® and Hamilton PRP-X100® are examples of suitable products available

i l] Lo A} RS b . . £ ) . £ PR R | " |
COTIIITCTCTaITy. TIITS TTITOT TITA CTOTT 1S gTVCIT 10T CITC CUTTVETITCTICT OT USTT S OT TIITS O TUTITCITC aITa aUTS IO

constitute an endorsement by ISO of these products.

Table A.9 — Calibration conditions

Number of standards 5
Calibration dynamic range 0,5 ng/1to 30 ug/l1
Limit of detection (calculated) 0,2 ug/l1

Limit of quantification

0,5 pg/1 for As(1I1) and As{V)

Y
12 000

10 000
8000
6000
4000
2000

0

As(1I0)

As(V)

0
Key

T
100

X | retention time in seconds, s

Y | counts per second, cps

|
200

| | |
300 400 500

Figure A4 +— Typical chromatogram representing four arsenic species

containing 5 pg/1 (injection volume 50 pl)

Table A.10 — ICP-MS conditions

T
600 X

Auxiliary gas

Instrument PQ3®a

Power 1380 W

F}dbllld‘ful lllillB Sdb .
14,0 and 0,85 1/min

Nebulizer Concentric nebulizer
Interface
Acquisition Dwell time 700 ms, acquisition 400 s, Transient TRA

product.

a  PQ3®jisan example of a suitable product available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this

© ISO 2018 - All rights reserved
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Table A.11 — Chromatographic conditions

Pump Varian 9010®a manual injection

Flow rate Isocratic: 1,2 ml/min

Column Hamilton PRP-X 110®a (1 = 250 mm, ID = 4,1 mm, particle size 10 pm)
Eluent (0,02 M NH4)HPO4 — pH 6

Injection loop 50 pl

a  Varian9010® and Hamilton PRP-X 110® are examples of suitable products available commercially.
TlliS Finf(v)vl:nlzilti?yr}cirs‘ gic\/ﬁ‘n foifhi“co:lvenience of users of this document and does not constitute an
qrdersementby1S0-of theseproduets:

Table A.12 — Calibration conditions

Number of standards 4

Calibration dynamic range 1 ug/1-5 pg/1-10 pg/1-25 pg/l1
Limit of quantification 0,5 pg/1 (1 pg/1As(V))

1
I | st

DMA

MMA As(V)

| | | | O\ | | | I | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 X

Key
X  retent]on time in seconds, s
Y  countq per second, cps

Figure A.5 — Typical chromatogram of four arsenic species + 20 pg/l arsenobetaine
(internal standard)

Table A.13 — ICP-MS conditions

Instrwment Thermo X Series [I™a

Roewer 1400 W

Plasma-forming gas 13,0 1/min

Auxiliary gas 0.7 1/min

Nebulizer Concentric nebulizer

Interface Sampler and skimmer made of Ni Xt + CCT
Acquisition Time resolved analysis

a  Thermo X Series II™ is an example of a suitable product available commercially.
This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.
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Table A.14 — Chromatographic conditions

Pump SPECTRA system P1000XR®a with AS3000 sample changer (PEEK pumps and
injection system)
Flow rate 1,0 ml/min
Column Hamilton PRP-X 100®a PEEK (1 = 250 mm, ID = 4,1 mm, particle size 10 um)
Eluent A =10 mM (NH4)2C03
B =20 mM (NH4)2C03
C = Methanol
Gradient A-B-C (97 %-0 %-3 %) 1 min to 8 min

A-B-C (0 %-97 %-3 %) 9 min to 40 min
A-B-C (97 %-0 %-3 %) 40 min to 50 min
Injection loop 50 ul

a  SPECTRA system P1000XR® and Hamilton PRP-X 100® are examples of suitable products availpble
commercially. This information is given for the convenience of users of this documehtand does not constifute
an endorsement by ISO of this product.

Table A.15 — Calibration conditions

Number of standards Blank + 5 points

Calibration dynamic range 1 pg/lto 20 pg/l

Limit of quantification Verified at 1 ng/1 faxleach element in a real matrix

DMA
MMA

As(V)

AsB

P = = PO NI NI NI NI NI

OO ST Oy OO WO TOUOASU TOY OO OO TOUOS O TO Y
OCOOCOOOOOOOOOOOOOOOOOOOOOOOO

As(11D)

SOOCOCOOOOOOOOOOOOOOOOOOOOOOO "<
SOOOOOOOOOOOOOOOOOOOOOOOOOO
COCOOOOOOOOOOOOOOOOOOTOOOOOO

o
LIS L L L L L L L L L L L L L L L L L L L L LB L L

U0 05 I I5 Z2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 X

Key
X  retention time in minutes, min

Y  counts per second, cps

Figure A.6 — Typical chromatogram of four arsenic species + 10 ng/1 arsenobetaine (AsB)
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Table A.16 — ICP-MS conditions

Instrument Bruker Aurora M90®a

Mode High-Sensitivity

Power 1,4 kW

Plasma-forming gas 151/min

Auxiliary gas 1,51/min

Nebulizer Concentric pneumatic

Acquisition mode Time resolved scan

Dwell time 500 ms

a  Bruker Aurora M90® is an example of a suitable product available commercially.
This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.

Table A.17 — Example chromatographic conditions

Pumps Varian 210®a
Sainple changer Varian 410®a
Cojlumn Hamilton PRP-X 100®a (1 = 250 mm, ID = 4,1 mm, particle size 10 um)
Injection loop 100 pl
Flgw rate 1 ml/min
Elyent 12,5 mM ammonium carbonate at pH 9 (A)
60 mM ammonium carbonate at pH 9,(B)
Gradient 0min 100 % A
2,0min80%A20%B
29min60% A 40%B

3,,0min 30 % A 70 % B
6,0 min 0 % A 100:% B

10,0min0%A100% B

a | Varian 210®, Varian 410® apd\Hamilton PRP-X 100® are examples of a suitable products available
corpmercially. This information-is-given for the convenience of users of this document and does not
corfstitute an endorsement by 1S®’of these products.

Table A.18 — Calibration conditions

Npmber of stanidards Blank + 5 points

Calibration{range 0,1 pg/1-0,5 pg/1-1,0 pg/1-5,0 pg/1-10,0 pg/1
Instrument limit of detection 5ng/l

Limit of quantification Verified at 0,2 pg/1 for each species in a real matrix

A.5 Examples of experimental conditions (References [10] and [11])

See Figures A.7 to A.8 and Tables A.19 to A.24.
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Y A
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As(V)
3000~ As(1ID)
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1000 \ ‘ \
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Key
X | retention time in minutes, min

Y | As75, counts per second, cps

NOTE Order of elution: As(V), As(IIl) and methylarsonic acid acid (MMA), respectively.

Fipure A.7 — Chromatogram representing three arsenic species containing 1 pg/1 As (jinjection
volume 200.ul)

Table A.19 —ICP-MS conditions

Instrument Agilent 7500c®a

Plasma RF power 1,5 kw

Plasma gas 151/min

Nebulizer Quartz concentric nebulizer

Reaction/collision eellMunction Not used (no gas mode)

Skimmer and sampling cone Made of nickel

Data acquisition Time resolved analysis

a  Agilent’7500c® is an example of a suitable product available commercially. This
informadtion is given for the convenience of users of this document and does not constitute an
endofsement by ISO of this product.

Table A.20 — Chromatographic conditions

Rump Yokogawa IC7000®a

Flow rate 1,5 ml /min

Column Shimadzu SCR-102H®a (1 = 250 mm, ID = 8,0 mm, particle size 7 um)
Eluent HNO3, pH 2,0

Injection loop 200 pl

a  Yokogawa IC7000® and Shimadzu SCR-102H® are examples of suitable products available
commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of these products.
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Table A.21 — Calibration conditions

Number of standards Blank + 4 points
Calibration dynamic range 0,04 ng/lto 4 ng/l As
Limit of quantification 0,04 ng/1 As for As(111) and As(V)
Y |4
5000
4066

2000

1000

Key
X  retentjon time in minutes, min
Y As75, founts per second, cps

NOTE Order of elution: As(V), methylarsonic acid acidv(MMA), dimethylarsenic acid (DMA), As(lI),

arsenobetdine (AsB), monophenylarsonic acid (MPhA), trimethylarsenine oxide (TMAO), tetramethyarsonipm
(TMAs), arpenocholine (AC) and diphenylarsinic acid (DPHA]J, respectively.

Figure A.8 — Chromatogram representing 10 arsenic species containing 10 pg /1 As (injectign
volume 20 ul)

Table A.22 — ICP-MS conditions

Instrument Agilent 7500c®a

Plasma RF power 1,5 kw

Plasma gas 151/min

Nebulizer Quartz concentric nebulizer

Reaction/collision cell function Not used (no gas mode)

Skimminer and sampling cone Made of nickel

Bata acquisition Time resolved analysis

a  Agilent 7500c® is an example of a suitable product available commercially. This
information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.

18 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a0b347e1f94ac04d37a66a6483dc11af

ISO/TS 19620:2018(E)

Table A.23 — Chromatographic conditions

Pump Yokogawa IC7000®a

Flow rate 1 ml/min

Column Tosoh TSKgel Oapak-A®a (1 =300 mm, ID = 7,8 mm, particle size 5 pm)
Eluent 0,35mM NaS04 at pH 3,8 adjusted with HpSO4

Injection loop 20 ul

a  Yokogawa IC7000® and Tosoh TSKgel Oapak-A® are examples of suitable products available
co“mrgirf’i‘aﬂll“y.n'fljiswinff‘)irfia:jf)ii\s gci:/fn iovrwthfnc(ir"wenience of users of this document and does not
.............................. F1S0-of these-produets:

Table A.24 — Calibration conditions

Number of standards Blank + 4 points
Calibration dynamic range 0,2 pg/lto 10 pg/l As
Limit of quantification 0,2 pg/1 As for As(111) and As(V)

© ISO 2018 - All rights reserved 19
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Annex B
(normative)

Detection using hydride generation atomic fluorescence (HG-AFS)

B.1 Pripcipie

For hydrhE generation atomic fluorescence, the eluted arsenic species are acidified and subsequently
reduced ysing a sodium tetrahydroborate reductant to form the species specific covalent'gase

us

hydride. After gas liquid separation, the arsenic hydride species are delivered to an atomizer such| as

hydrogen

diffusion flame using an argon carrier gas. Moisture is removed from this stream usin

5 d

hygroscopic membrane dryer (e.g. NafionTM). After atomisation, the arsenic is determined by atoric

fluorescence spectrometry (AFS) equipped with an arsenic boosted discharge hollow cathode lamp.

The concentration of arsenic is determined by comparing the quantity of arsenie¢’detected in the sam
in relatior] to the calibration solutions of each species.

B.2 Int

The hydri
For the m
should ca
potentiall
of interfe]
source do
analysing
in the det

B.3 Apj

Due to sig

possible tp give detailed instructions on their operation. The operator shall thus refer to the instructig

provided

B.3.1 Hj
peristaltig
covalent H
and a moi

brferences

hjority of natural water samples, this type of interference should not be significant. The u
Ty out recovery tests on typical waters and alsg.determine the maximum concentrations
y interfering elements, using appropriate metheds. If such interferences are indicated, the le
ences should be assessed by performing spike recoveries. It is important that the excitat
bs not contain any significant amount of other hydride-forming elements (e.g. antimony wh
for arsenic) that emit fluorescent radiation over the band pass of the interference filter us;
pCtor.

paratus

nificant differences between the various instrument models and brands available, it is

by the manufacturetof each instrument.

fdride generation apparatus with atomic fluorescence spectrometer, including

ydrideSpecies, a gas-liquid separator to separate hydride species from liquid phase reage
sture temoval device.

ple

de generation technique is prone to interferences by transition and easily reducible metals.

ser
of
vel
on
en
ed

not
ns

a

pump unif(to deliver reagents and load sample injection loop, a mixing manifold to prodiyice

nts

B.3.2 Atomic fluorescence spectrometer equipped with an arsenic excitation source to promote

atomic flu

orescence of the arsenic hydride species after atomization.

The concentration and the flow of reagents are specifically related to the hydride generation apparatus.
The user should use optimal conditions to ensure that the best analytical performance is obtained.

B.4 Reagents

Prepare an appropriate quantity of reagent for the number of samples to be analysed. Guidance notes

are based

ona1llvolume.

B.4.1 Hydrochloric acid, mass fraction 35 % to 37 %.

20
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B.4.2 Hydrochloric acid hydride generation solution, volume fraction 25 %.

Carefully add 250 ml of high purity hydrochloric acid (B.4.1) to 750 ml of water (7.2).
B.4.3 Sodium tetrahydroborate, NaBH4, analytical reagent grade pellets.

B.4.4 Sodium tetrahydroborate, 0,7 % m/v, / sodium hydroxide hydride generation solution,
0,4 % m/v.

Weigh 7 g of NaBH4 pellets (B.4.3) and transfer to a 11 flask. Add 4 g of NaOH pellets (7.4) and make up
th¢ mark with water (Z.2). Filter if necessary and prepare daily.

B.pb Procedure

Usg the instrument under the manufacturer’s standard conditions. The follewing examples are
provided as guidance only and do not endorse specific vendor instrumentation: {See Figures|B.1 to B.6
anfl Tables B.1 to B.16.)

The efficiency of hydride generation is highly dependent on the design and operating corditions of
the apparatus and concentration of reagents. The hydride generation and measurement ghould be
optimized to ensure that that optimal performance is achieved.(Example conditions are pfovided in
Table B.1.

A hWlock diagram showing the instrumental layout is shown ih Figure B.1.

Table B.1 — Typical HG-AFS conditions

HCI concentration 25 % valume fraction

HCI flow rate 1,7 mlymin

NaBH4 concentration 02% m/vin 0,4 % m/v NaOH

NaBH4 flow rate 5 ml/min

Argon carrier gas flow rate 250 ml/min

Air dryer gas flow rate 2,51/min

Aux. hydrogen flow nate Optional (not used in example shown)

Primary current 27,5 mA

Boost currént 35,0 mA

Acquisition Peak area

HG-AES PSA Millennium ExcaliburTM 10.0552

a~, (PSA Millennium Excalibur 10.055 is an example of a suitable product available commercially.
This information is given for the convenience of users of this document and does not constitute
an endorsement by ISO of this product.
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3 6 7 9
4 5 WWWWy 8 10
[ 2 11
Key
1 autosgmpler 7 NaBH4
2 injectipn value 8 GLS
3 mobil¢ phase 9 AUXH2
4  LC-pump 10 Nafion Dryer
5 colump 11 AFS
6 HCL
Figure B.1 — Example layout for HPLG;HG-AFS
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Figurg B.2 — Typical chromatogram representing four arsenic species containing 5 pg/l;
As(III), DMA, MMA, and As(V) (in order of elution)
Table B.2 — Typical HG-AFS conditions

Same conditions as in Table B.1.

Table B.3 — Example chromatographic conditions

Flow rate Elution gradient: fixed flow rate at 1 ml/min
Column Hamilton PRP-X 100®a (1 =250 mm, ID = 4,1 mm, particle size 10 pm)
Eluent A: 12,5 mM ammonium carbonate at pH 9

B: 60 mM ammonium carbonate at pH 9

a  Hamilton PRP-X 100® is an example of a suitable product available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this
product.
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Table B.3 (continued)

Flow rate Elution gradient: fixed flow rate at 1 ml/min

Gradient 0 min: 100% A, 0% B

2min: 0% A, 100 % B

10 min: 100 % A, 0% B

Injection loop 50 pl to 250 pl

product
T

a  Hamilton PRP-X 100® is an example of a suitable product available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this

Table B.4 — Example calibration conditions

Number of standards Blank + 5 points
0,5 ug/lto 50 pg/1

0,2 pg/lto 2 pg/l
Limit of detection (30y-1 calculated) 0,05 pg/1 for As(III), As(V),,DMA and MMA

Calibration dynamic range

Limit of quantification 0,16 pg/1 for As(111), As(V), DMA and MMA
Y
600 -
500
400 -
300 -
200 -
100 =
0 1 1 1 | 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 X
Key
X | time in minutes, min
Y | AFS signal
Figure B.3 — Example chromatogram representing four arsenic species containing p pg/l;
As(III), DMA, MMA, and As(V) (order of elution)
Table B.5 — Typical HG-AFS conditions
Same conditions as in Table B.1.
Table B.6 — Example chromatographic conditions
Pump Isocratic®a
Flow rate Isocratic conditions: fixed flow rate at 1 ml/min
Column Hamilton PRP-X 100®a (1 =250 mm, ID = 4,1 mm, particle size 10 pm)
Eluent 2,5 mM NaHP04 + 0,5 mM 2Na EDTA + 2,5 % volume fraction methanol at pH = 6
Injection loop 5 ulto 250 pl
a  Isocratic® and Hamilton PRP-X100® are examples of suitable products available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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Table B.7 — Example calibration conditions

Number of standards Blank + 5 points

0,5 nug/l1to 50 pg/1

0,2 ug/lto 2 pg/l

0,05 pg/!1 for As(1II)

Limit of detection (calculated) 0,1 pg/1 for As(V) and MMA
0,2 ug/l for DMA

0,16 pug/l for As(111)

Limit of quantification 0,33 pg/1 for As(V) and MMA
0,66 pg/1 for DMA

Calibration dynamic range

Y

500
450
400 -
350
300
250 F
200 F
150 F
100 £
50 -
0 | | | | | | | | | |
0 5 10 X

Key
X  time i minutes, min
Y AFSsignal

Figurg B.4 — Typical chromatogram representing four arsenic species containing 5 ug/I;
As(III), DMA, MMA,yand As(V) (order of elution)

Table-B.8 — Typical HG-AFS conditions

Same conditions as in-Table B.1.

Table B.9 — Chromatographic conditions

Pump Isocratic®a

Fldw rate Isocratic conditions: fixed flow rate at 1 ml/min

Column Hamilton PRP-X 100®a (I = 250 mm, ID = 4,1 mm, particle size 10 um)
Eljent 20 mM (NH4)HPO4 atpH =6

Injection Toop 50 ul'to 250 pl

a  Jsocratic® and Hamilton PRP-X 100® are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement
by ISO of these products.
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Table B.10 — Calibration conditions

Number of standards

Blank + 5 points

Calibration dynamic range

0,5 ug/lto 50 pg/1
0,2 ug/lto 2 pg/l

Limit of detection

0,05 pg/1 for As(I1l) and MMA
0,1 ug/1 for As(V) and DMA

(calculated)

Limit of quantification

0,16 pg/1 for As(Ill) and MMA
0,33 ng/l for As(V) and DMA

Y
400
350
300
250
200
150
100

50

Key
time in minutes, min

AFS signal

Figure B.5 — Typical chromatogram repreésenting four arsenic species containing 5
As(III), DMA, MMAjand As(V) (order of elution)

TableB:11 — Typical HG-AFS conditions

Same conditions as in Tdble B.1.

ng/l;

Table B.12 — Chromatographic conditions

Pump Binary®a
Flow rate Eluent gradient: fixed flow rate at 1 ml/min
Column Hamilton PRP-X 100®a (I = 250 mm, ID = 4,1 mm, particle size 10 um)
Eluent A: 10 mM (NHg)2HPO4/(NH4)H2PO4 in 3 % methanol at pH =7
B: 100 mM (NH4)2HPO4 in 3 % methanol at pH = 8,5
Gradient 0 min: 100 % A, 0% B
3min:0%A 100%B
10 min: 100 % A, 0% B
Injection loop 50 pl to 250 pl

a

by ISO of these products.

Binary® and Hamilton PRP-X100® are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement
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Table B.13 — Example calibration conditions

Number of standards Blank + 5 points

0,5 ng/lto 50 pg/l1

0,2 ug/lto 2 ng/l1

0,05 pg/1 for As(II1), MMA and As(V)
0,1 pg/1 for DMA

0,16 pg/1 for As(1I1), MMA and As(V)
0,33 pug/l for DMA

Calibration dynamic range

Limit of detection (calculated)

Limit of quantification

0 2 4 6 8 10 12 14 X
Key
X  time ip minutes, min
Y AFSsignal

Figurg B.6 — Example chromatogram representing four arsenic species containing 5 pg/l;
As(III), DMA, MMA, and As(\V) (order of elution)

Table B.14 — Typical HG-AFS conditions

Same conditions as in Table B.1.

Table B.15 — Chromatographic conditions

Pump Isocratic®a

Fldw rate Eldent gradient: fixed flow rate at 1 ml/min

Cojumn Hamilton PRP-X 100®a (] = 250 mm, ID = 4,1 mm, particle size 10 um)
Elyent 20 mM NaH,P04/NaHPO4 at pH = 6,2

Injection loep 50 plto 250 pl

a | Isoeratic® and Hamilton PRP-X 100® are examples of suitable products available commercially. This
infprmation is given for the convenience of users of this document and does not constitute an endorsement
by [SO-of these products.

Table B.16 — Calibration conditions

Number of standards Blank + 5 points

0,5 pg/l1to 50 pg/l

0,2 ug/lto 2 pg/l
0,05 pg/l1 for As(Il) and MMA

0,1 pg/1 for DMA and As(V)
0,16 pg/1 for As(1l1) and MMA
0,33 pg/1 for DMA and As(V)

Calibration dynamic range

Limit of detection (calculated)

Limit of quantification
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Annex C

(informative)

ISO/TS 19620:2018(E)

Determination of organic arsenic species

Thijis method can be used to determine organic arsenic species such as methylarsonic-acid (MMA) and

pré¢sent in lower concentrations in water samples.

Standard substances

DMA: Dimethylarsinic acid (CH3z)2 AsO2-Na 3H20 (CAS No. 124-65-2)

C.7

Fo
ex

.1 Stock solutions

bressed as As.

A: Methylarsonic acid acid CH3AsO(ONa)-6H20 (CAS No. 144-21-8)

Thise solutions are prepared from the standard substances (C.2).

In

Co
the

species is known.

100 ml flasks, dissolve a suitable mass of each substance (C.2) as shown in Table C.1.

Table C.1 — Preparation guidelines for 1 000 mg/1 arsenic standards

ethylarsinic acid (DMA). These have lower toxicity than inorganic arsenic species;aiid arg normally

" each of the species, DMA and MMA, prepare a staock;solution with a concentration of 1{000 mg/]

mmercially available stock solutions_of‘the required concentration can also be used if available and

Spetcies Mass Final volume
g ml
DMA 0,286 100 ml in water (Z.3)
MMA 0,390 100 ml in water (Z.3)

Th

C.2.2. “Calibration solutions

se solutions; when stored protected from light and at 4 °C, are considered to be stable for one year.
Th intermediate stock solution at 10 mg/1 is considered to be stable for six months.

The calibration solutions are prepared from the 1 000 mgl stock solutions (C.2.1). Tables C.2 and C.3 are
given as examples.
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Table C.2 — Preparation guidelines for working arsenic standards

Concentration Sample volume Solution for dilution HPLC grade water
pgl1 pl (2.3)
1000 100 pl of each solution 1000 mg/1 DMA, MMA (C.2) 100 ml
5 500 ul 1000 pg/l1 100 ml
10 1000 ul 1000 pg/l1 100 ml
25 2500 pl 1000 pg/l 100 ml
50 5000 pl 1000 pg/l 100 ml

To prepare standard solutions below 5 pg/l, use the 10 mg/1 intermediate stock to produce a’iyed
standard pf 100 pug/1. Table C.3 is given as an example.

Working dtandards should be prepared daily.

Table C.3 — Preparation guidelines for working arsenic standards

Concentration Sample volume Solution for dilution HPLC grade water
ugll-1 ul (7.3)
100 1 000 pl of each solution 10 mg1-1 DMA, MMA (G2) 100 ml
0|2 200 pl 100 pg/1 100 ml
015 500 pl 100 pg¥d 100 ml
140 1000 pl 100, pg/1 100 ml
210 2000 pl 100 ng/1 100 ml
28 © ISO 2018 - All rights reserved
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Annex D
(informative)

Storage and preservation of arsenic species in water samples

D.t—Generat

Detionized water, bottled drinking water and river water were chosen for the arsenic stability test. The
saples were spiked with 10 pg/l As(Il1), DMA, MMA and As(V) and stored in three differ¢nt plastic
bottles: polyethylene bottle, fluorinated polyethylene, and amber polyethylene. One batch of samples
wqs acidified with 750 pl of 6 mol/l1 HCI per 250 ml samples (final concentration;0,018 mol/1|HCI). This
acidification is proposed in US EPA method 1632 (Reference [17]), a chemical speciation npethod for
argenic in water and tissue. Hall et al. (Reference [9]) proposed the storage of’the samples at  °C which
avfpids any oxidation state changes between As(IIl) and As(V).

A deparate batch of de-ionized water samples spiked with a 10 pg/limix’of As(I111), DMA, MMA pnd As(V)
was acidified with 750 pl of 6 mol/1 HNO3 to a volume of 250 ml (final concentration of 0,018 mql/1 HNO3).

The samples were stored either in a refrigerator or at roeim temperature. The average temperature
of the refrigerator was 4 °C and the room temperaturevaried from 18 °C up to 30 °C (variations of
terpperature in summer). Figure D.1 shows a scheme of.the experimental set-up.
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Key
1
2
3

30

de-iortzed water

bottle

river

drinking water
bater

Figure D.1 — Experimental set-up
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FLPE-RW-FR-HCI

—~

N

Key
0] clas(in] 1 1 day 5 6 weeks
¢(DMA) 2 1 week 6 8 weeks
Eg c¢(MMA) 3 2 weeks 7 12 weeks
Y c(Asv) 4 3 weeks Y ppb

Figure D.2 — Examplé.graph for stability test

T

=

e coding of the header consists of four different abbreviations:

—| The first code refers to the storage‘bottle (PE is polyethylene, BPE is amber polyethylene and FLPE
is fluorinated polyethylene).

—| The second code is the sample'matrix (DI is de-ionized water, DW is drinking water and RW is river
water).

— | The third code is thestemperature (FR is refrigerator, RT is room temperature).
— | The final code refers to the addition of acid (HCI for hydrochloric acid, HNO3 for nitric acid).

An[example graph'is shown in Figure D.2. The sample here is an acidified river water sample (with HCI)
stdred in fluorinated polyethylene bottle in the refrigerator.

D.2_“Results

One batch of samples (de-ionized water, drinking water and river water) was spiked with 10 pg/1
As(III), DMA, MMA and As(V), then monitored over a period of 12 weeks via speciation. The DMA and
MMA were stable in all the different samples as were As(IlI) and As(V) in de-ionized water. As(IIl) and
As(V) were found to interchange in the drinking and river water, As(V) is the favoured oxidation state

[see Figure D.3 a) to h)].

When the samples were acidified with hydrochloric acid and stored in the refrigerator, all species
showed good stability in all of the water matrices. There were slight variations and losses found but
overall, the species were relatively stable [see Figure D.4 a) to h)].

A second batch of water samples was spiked with 10 pg/1 As(1lI), DMA, MMA and As(V) and then
stored at room temperature. DMA was the only species with good stability throughout the 12 week
period in all three sample containers (polyethylene, amber polyethylene, fluorinated polyethylene).
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MMA decreased significantly (down to 3,9 pg/1 for the de-ionized water sample and down to 6 pg/ 1 for
the other types of water samples) during the same period. This drop only occured in the polyethylene
and amber polyethylene bottle but interestingly not in fluorinated polyethylene. As(IIlI) and As(V)
interconvert over the test period. The storage bottle, the sample matrix and the temperature seem to
have had an influence on the oxidation state of the inorganic arsenic. For example, in a polyethylene
bottle the preferred oxidation state was As(V) for the drinking water, while the preferred oxidation
state in an amber bottle changed with time [see Figure D.5 a) to g)].

A third batch of samples was stored at room temperature but was additionally stabilized with HCIL. All
four species showed an 1mproved stablllty MMA and DMA were Very stable but As(III) and AS(V) were
found to I y 3

arsenic species may have a tendency to absorb or adsorb durlng storage on bottle Walls [see lgure D.6

a) to g)].

Hydrochlgric acid is not a suitable stabilizer when the sample is analysed with LC-ICP-MS:-The argon
chloride cluster interferes at a mass of 75. When using LC-ICP-MS, stabilization of the samples with nifric
acid is pre¢ferred. The samples were stabilized in 0,018 mol/I nitric acid and no significant differeice
between qtorage in the refrigerator or at room temperature was observed [see Figire D.7 a) to f)].

When the samples were stored at room temperature without acid stabilization, MMA was found| to
decrease.|n order to study this further to monitor for interconversion of species, an additional test was
performed using a different batch of de-ionized water spiked with the single species only (10 pg/1) gnd
stored at foom temperature. The species showed a good stability ovef.the 12 weeks and no conclusjon
about adsprption or species interconversion could be drawn [see Eigure D.8 a) to d)]
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