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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 documents should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had notreceived

patent(s)

ich may be required to implement this document. However, implementers are cay
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade
constitute 3

For an expl
related to
Organizatig

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
pword.html.

This document was prepared by Technical Committee ISO/TC 147, Water quality, Subcomnpittee SC 3,

Radioactivit

[y measurements.

Any feedbafk or questions on this document should be directed to the user’s national standards body. A

complete lis

ting of these bodies can be found at www.iso.org/members.html.
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Introduction

Radionuclides are present throughout the environment; thus, water bodies (e.g. surface waters, ground
waters, sea waters) contain radionuclides, which can be of either natural or anthropogenic origin.

— Naturally-occurring radionuclides, including 3H, 14C, 40K and those originating from the thorium and
uranium decay series, in particular 210Pb, 210pg, 222Rp, 226Rg, 228Ra, 227Ac, 232Th, 231Pa, 234U and 238U,
can be found in water bodies due to either natural processes (e.g. desorption from the soil and runoff by
rain water) or released from technological processes involving naturally occurring radioactive materials
(e.g. mining, mineral processing, oil, gas and coal production, water treatment, and production and use

of phosphate fertilisers).

Anthro 55Fa 59Nj 63Nj 90 99

Am, Cnp) and some gamma emitting radionuclides, such as ©0Co and 137Cs, can also be foun
waters] Small quantities of anthropogenic radionuclides can be discharged from nuclear, fac
envirojment as a result of authorized routine releases. The radionuclides present in liguid ¢
usually] controlled before being discharged into the environmentlll and water bodies. An{
radionyclides used for medical and industrial applications can be released to the'environme
Anthropogenic radionuclides are also found in waters due to contamination-from fallout res
above-ground nuclear detonations and accidents such as those that have gccurred at the Ch
Fukushiima nuclear facilities.

Radionuclid
and climati
during plar
contain rad
Organizatig
proper actig

e activity concentrations in water bodies can vary accordifig to local geological cha
c conditions and can be locally and temporally enhanced by releases from nucle
ned, existing and emergency exposure situations[2l[3}, Some drinking water sourd
ionuclides at activity concentrations that can present a human health risk. The W
n (WHO) recommends to routinely monitor radivactivity in drinking watersl4]
ns when needed to minimize the health risk.

National regulations usually specify the activity concent¥ation limits that are authorized in drinl
water bodi¢s, and liquid effluents to be discharged-to the environment. These limits can vary f{
existing, and emergency exposure situations. As an example, during either a planned or existiy
the WHO guidance level for 29Sr in drinking water is 10 Bq-1"1[4], see NOTES 1 and 2. Compliance
limits is asdessed by measuring radioactivity in water samples and by comparing the results ob{
their associpted uncertainties, as specified by ISO/IEC Guide 98-3 and ISO 5667-20[51,

NOTE 1
provided in

If the value is not specified-in_Annex 6 of Reference [4], the value has been calculated using
eference [4] and the dose'coefficient data from References [6] and [7].

NOTE 2  The guidance level calculated in Reference [4] is the activity concentration that results in an ¢
of 0,1 mSv-a! to members of‘the public for an intake of 2 1-d~! of drinking water for one year. This i
dose that represents a very,low level of risk to human health and which is not expected to give rise to ay
adverse healh effects[2l;

This docunent contains method(s) to support laboratories, which need to determine 2°Sr in waf
The methodl(s)¢cd€scribed in this document can be used for various types of waters (see Clg
radiometriq methods, mmor modlflcatlons such as sample Volume and countmg time-can be ma

(e.g. Np, Pu,
d in natural
lities to the
ffluents are
hropogenic
ht after use.
ulting from
ernobyl and

racteristics
ar facilities
es can thus
orld Health

and to take

xing waters,
or planned,
g situation,
e with these
ained, with

the formula

ffective dose
an effective
y detectable

er samples.
luse 1). For
e if needed

to ensure
For ICP-MS methods, minor modlflcatlons to, for example the sample pre-concentration volu
interference separation, can be made if needed to ensure that the limit of detection, limit of qu
and uncertainties are below the required limits. This can be done for several reasons such as
situations, lower national guidance limits and operational requirements.

© IS0 2024 - All rights reserved
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Water quality — Strontium 90 — Test method using ICP-MS

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

IMPORTANT — It is essential that tests conducted according to this document be carried out by
suitably trained staff.

1 Scope

This docunjent specifies methods to determine strontium-90 (°9Sr) by inductively, coupled p
spectrometry (ICP-MS). The mass concentrations obtained can be converted inte-activity concer]

asma mass
Iitrations.

The metho
rainwater,
wastewater

1l described in this document is applicable to test samples of supply water, drinking water,
burface and ground water, as well as cooling water, industrialywater, domestic anfl industrial
after proper sampling and handling and test sample preparation.

The limit of
detection e
currently aj
the WHO cr

Int rate, the
bthod using
lower than

detection depends on the sample volume, the instrument used, the background cot
fficiency and the chemical yield. In this documentthe limit of detection of the m
hailable apparatus and chemical pre-concentrationgis approximately 5 Bq-1~1, which i
iteria for safe consumption of drinking water (:\Bq-1-1)[4.

The method
up to 1 00

centrations
asured if a

| described in this document covers the medsurement of 29Sr in water at activity con
Bg-1-1. Samples with higher activity concentrations than 1 000 Bq-I-! can be mg

dilution is g

The method

erformed.

described in this document is applicable in the event of an emergency situation.

Filtration of the test sample is necessary for the method described in this document. The ana
adsorbed tg
a mineraliz
different ph

ysis of 20Sr
suspended matter is not,covered by this method. The analysis of the insoluble fraction requires
ption step that is not covered by this document. In this case, the measurement is hade on the
ases obtained.

It is the use}’s responsibility’to-ensure the validity of this test method for the water samples tested.

2 Normative references

The followi
requiremern
the latest e

constitutes
references,

ng documents are referred to in the text in such a way that some or all of their content]
ts-of‘this document. For dated references, only the edition cited applies. For undated

0 nced-dg ud

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

[SO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated terms (VIM)

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

[SO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples
[SO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste water

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

© IS0 2024 - All rights reserved
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[SO 17294-1:2024, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —
Part 1: General guidelines

ISO 17294-2:2023, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —
Part 2: Determination of selected elements including uranium isotopes

[SO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 98-3, ISO/IEC Guide 99
and ISO 80000-10 apply.

[SO and IE(Jmaintain terminological databases for use in standardization at the following addrefses:

— IS0 Online browsing platform: available at https://www.iso.org/obp

— IEC Eleftropedia: available at https://www.electropedia.org/

4 Symbols

a Rdgression line slope q1l.glkg1

b Cdordinate at the origin of the regression line s1

c M 1SS acti\_lity corresponding to the mass concentratiofi, 9, measured for a given Bqkg-!
radionuclide

Cint Infernal standard correction factor —

g Sgecific activity corresponding to one gram of the radionuclide Bqg-g!

Igy Isptopic abundance of 84Sr: 0,005 6 (natural isotopic abundance is assumed) —

Igg Isptopic abundance of 86Sr: 0,098 6-(natural isotopic abundance is assumed) —

K Cd verage facto used as a mul_tiplier of the combined standard uncertainty in order to .
oftain an expanded unceftainty

Ly Limit of det.ection, thelowest mass concentration that can be detected with statisti- gl
cal uncertainty

Ly Li n?t qf quantifica_tion, the lowest mass concentration that can be quantified with gl
sthtistical incertainty

M [sptope'mass number —

m Massof thesampte kg

Am Mass difference —

m, Mass of the calibration standard tracer solution added to a standard g

me Mass of the calibration standard solution added to a standard g

mig Mass of the internal standard added to a blank and a sample g

Mg Mass of the internal standard solution added to a blank or a sample g

Mgp Mass of the enriched spike solution g

© IS0 2024 - All rights reserved
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m/z Mass-to-charge ratio measured by ICP-MS —

Number of counts per second measured by ICP-MS of a sample at a given mass-to-

N . counts-s™1
charge ratio
Number of counts per second measured by ICP-MS of a blank sample at a given mass- 1

Ny . counts-s
to-charge ratio

e Average number of counts per second for several blank samples measured by ICP-MS counts-s-1

0 at a given mass-to-charge ratio

Npet Net number of counts per second, N-N, counts-s1

r Mgasured 1sotopic ratio —

R Cqrrected isotopic ratio —

S Stpndard deviation obtained by measurement of 10 test portions of the blank sam- ounts-s-1

NO 1 h C .

ple

U Expanded uncertainty and the coverage factor kwith k=1, 2, ..., U=&-u Bg-kg!

u Uncertainty such as counts per second, mass added etc. —

u(C) Standard uncertainty of the mass activity result Bg-kg!

Ugg] UIcertainty associated with the calibration g-gl

u(ls) Uncertainty on isotopic abundance of 84Sr: 0,000 2(hatural isotopic abundance is .

84 assumed)
u(ly) Uncertainty on isotopic abundance of 86Sr: 0;002 0 (natural isotopic abundance is L
86 assumed)

u(p) Stpndard uncertainty associated with-the measurement result gkg1

% Vdlume of the sample 1

a Megasurement bias constant,;which allows a correction for the signal intensity bias L
bdtween the tracer andthe analyte

p Mass concentration-of the analyte for a given radionuclide per sample unit mass g-kg1

Pe Mass concentration of the calibration standard solution ggl

Pis Mass concentration of the internal standard ggl

P(s) Mass cencentration of stable Sr g-kg1

Py Mass concentration of a given radionuclide per sample unit volume gl

Psp Mass concentration of the spike ggl

5 Principle
The principle of measurement of analysis using ICP-MS is described in ISO 17294-1 and ISO 17294-2.
ICP-MS has been successfully used to measure the mass concentration of 90Sr in water samples [8]-[14].

The results can be converted in activity concentrations using the specific activity as a conversion factor,
which is given in Table 1.

© IS0 2024 - All rights reserved
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Table 1 — Half-life and specific activity of 20Sr[15]

Isotope Half-life Specific activity
years Bqg-g!
920Gy 28,80 (7) 5,112 (12)-1012

When performing the analysis of the pure beta-emitting radionuclide ?°Sr using radiation measurement, it
is imperative to eliminate interfering nuclides prior to measurement. Nevertheless, ICP-MS, by discerning
analyte ions through their mass-to-charge ratio, streamlines the pretreatment process before radiation
measurement, thereby shortening the overall analysis time.

The limit of detection of direct measurement by ICP-MS is higher than the WHO criteria for safe consumption
of drinking water (10 Bqg-1"1)[4l. Therefore, preconcentration of water samples is essential prior to ICP-MS
when demopstration of meeting this particular criterion is the aim.

An examplq of the limit of detection that can be obtained with ICP-MS with preconcentratiorn and chemical
separation s given in Table 2.

Table 2 — Example of the limit of detection

Isotope Limit of detection Limit of deteGtion
ug.l—l Bq.l—l
90Sr 2-10-6 10

|O8}

The measufement of analysis of 29Sr by ICP-MS is affected by severalinterferences shown in Table

Table 3 — Interference of 20Sr affecting ICP-MS measurement!8l.[9].[10],[16]

Type of interference Description 90Sr intdrference
Isoharic Isotopes with a similarrmass to the analyte 907 r
Polvatomic Isotopes combining in the plasma to form an ion with a similar S0Cr40Ar)50Ti40Ar,
y mass-to the analyte 74Gel60Q, 748e160, 89YH
Tailine interference Isotopes of one or twgnass units on either side of the analyte 8dlg
§ with a relatively high‘abundance (>109) relative to the analyte

It is important to ensure that all potential interferences have been removed prior to measurement. The most
significant fnterference affecting °°Spmeasurement by ICP-MS is stable isobaric ?9Zr. The other infterferences
that shall b¢ considered are polyatomic, most notably 74Gel60 and 74Sel60, and tailing from stabje 88Sr.

A chemical peparation is performed to remove most of the potential interferences.

It is important to know<the interference decontamination factor achievable by chemical sepafation. This
can initially be assessed by running stable element standards at increasing concentrations to monitor the
impactatm/ z =96

An aliquot|aef-a* water sample can be directly measured by ICP-MS to determine the stable element
composition—Samptes-withetevatedtevelsof dissolved saltscanneedtobeditutedtoagreaterextent before
this measurement, depending on the sample introduction system of the instrument used. Some designs offer
online aerosol dilution capability that can run high matrix samples such as seawater without prior dilution.

If some potential interferences are still present in the sample after chemical separation, it will result in an
invalid result unless a correction is performed. The interference from ?9Zr can be monitored by measuring
the 91Zr isotope at m / z=91 and correcting for °0Zr assuming natural isotopic ratios. The same approach can
be used to correct for 74Gel®0 by monitoring Ge at m / z = 72. Selenium can be monitored at m / z = 78, and
yttrium can be monitored at m / z = 89. This type of correction should only be used if absolutely necessary,
as itincreases the measurement uncertainty and affects the detection limit and measurement precision.

© IS0 2024 - All rights reserved
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Chemical separation is required to remove interferences, sample matrix and pre-concentrate ?°Sr prior
to measurement. As described in the ISO 17294 series, a chemical yield tracer is needed to evaluate the
chemical recovery.

Stable strontium is usually used to determine the chemical yield. Isotope dilution with an enriched strontium

isotope spike is an alternative solution to correct for ?9Sr losses.

[t is also important to evaluate the mass bias and to correct it.

To quantify any potential interference coming from the reagents, a blank sample is prepared in the same

ways as the

6 Samp

Sampling, handling and storage of the water shall be done as specified in ISO 5667-1, ISO

ISO 5667-1(
that the lab
during eith

The sample]
smaller por]
acidified af

Minimising
reagents an
of stable ele

test sample. This blank sample is prepared using ultrapure water.

ing and sample storage

, and guidance is given for the different types of water in References [17] to [23} It i

28 transportation or storage.

is filtered to remove suspended matter using a 0,45 pm filter (e.g. 0,45 pm PTFE m
e size filter can also be used, but the filtration can be more time conisuming. The san
er filtration to a pH of less than 2 using HNOs.

contamination and losses is of primary concern. Dust in‘the laboratory and impu

ment contamination that increases the background ati/ z = 90. The sample contain

5667-3 and
5 important

bratory receives a sample that is truly representative and has neither been damaged nfor modified

bmbrane). A
ple shall be

rities in the

d on the laboratory equipment, which are in contact with the samples, can be potential sources

ers can lead

to either a positive or a negative bias in the determination of trace elements by superficial dgsorption or
adsorption.

7 Chemjcal reagents and equipment

7.1 Gendral

Impurities [in reagents and gases can incréase the detection limit by increasing the background and
decreasing [sensitivity of the analyte. Réagents of an appropriate purity should be used depenlding on the
detection limit required, impact of interferences on the measurement and the ICP-MS instrurent design
used for mdasurement.

The chemidal reagents and eguipment used for chemical treatment and preparation of the gamples are

described if Annexes A, B and C.

7.2 Chen

7.2.1 Ult

nical reagents

apure water, with a resistivity of 18,2 M(Q)-cm at 25 °C and total organic carbon of less t

han 1 pg1-1.

Unless oth

7.2.2

-+ atad 4 £ 4 AR 4
WIST SLALTU, WddlTl TTITIS LU Ul dpulrtc wdltl.

of the instrument at selected mass-to-charge ratios.

Instrument blank, for example 0,3 mol-11 nitric acid used to determine the background count rate

7.2.3 Strontium-90 solution, used to prepare calibration standards to calculate the concentration in

the sample.

7.2.4

Internal standard solution, prepared with a stable element. The choice of element for the

reference-element solution depends on the analytical problem. Solutions of these elements should cover the
mass range of interest. The concentrations of these elements in the sample should be negligibly low. If not,

© IS0 2024 - All rights reserved
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their concentrations shall be taken into account. For example, In at m / z = 115 has been found to be suitable
for this purpose.

7.2.5 Artificially enriched stable strontium isotope spike solution, used for isotope dilution. 84Sr
and 86Sr enriched spike are commercially available (e.g. U.S. Department of Energy and National Isotope
Development Centerd).

7.2.6 Argon gas, for plasma generation in ICP-MS. The user should consult the instrument's manufacturer
on the minimum gas purity required.

7.2.7 Cell gases, such as helium, oxygen and hydrogen, of a volume fraction of at least 99,999 % pure, for
collision and/or reaction cell instruments.

7.3 Appdratus

Usual laborptory apparatus and in particular the following:

7.3.1 ICP{MS and associated software, quadrupole (with or without collision-or reaction cell

ctor field or multi-collector. Follow the manufacturer's instruction for laborator

capability),

tandem, s¢g
instrument

operation.

7.3.2 Argon supply, equipped with pressure control and, suitable eXtract and gas regulation s

7.3.3 Aut

7.3.4 Pip
solution wif

7.3.5 Bal

8 Chem

It is the usd
The remov:
chemical se

Alternative
those in Ref

9 Qualit

osampler, if available, and compatible tubing for running multiple samples automati

ptte, suitable for the accurate transfer of calibration standard, spike and intern
h a total precision within +2 % (k = 2).

hnce, capable of achieving +0,1 mg pretision.

jcal separation

r's responsibility to ensure that all potential interferences have been appropriately
1l of potential interferefces is limited by the decontamination factor of the method
paration options are(@utlined in Annexes A, B and C.

chemical separafion procedures that are outside the scope of this document can be u
erences [24],25] and [26]).

y control

y setup and

ystem.
cally.

h] standard

minimized.
. Suggested

sed (such as

9.1 Gensd

ral

Measurement shall be performed by suitably skilled staff under a quality assurance program such as the one
that is described in ISO/IEC 17025.

If an analyst has not performed this procedure before, a precision and bias test should be performed by
running a duplicate measurement of either a reference or spiked material. Acceptance limits should be
within the limits specified by the laboratory.

A similar evaluation procedure should be performed by the analyst who routinely applies this procedure,
with a periodicity defined by the laboratory. Acceptance limits should be within the limits specified by the
laboratory.

1) www.isotopes.gov

© IS0 2024 - All rights reserved
6


http://www.isotopes.gov
https://standardsiso.com/api/?name=e5059c534c0e3546ca51036c68bb4c04

ISO 4721:2024(en)

9.2 Variables that can influence the measurement

Special care shall be taken in order to limit the influence of parameters that can bias the measurement and
lead to a non-representative result. Failure to take sufficient precautions during the different steps of the
measurement process such as sampling, transportation and storage, reagents, transfer, and instrument, can
require corrective factors to be applied to the measured results.

9.3 Instrument verification

Follow the instructions provided by the instrument manufacturer and the steps described in
ISO 17294-1:2024, Clauses 7 and 9 and ISO 17294-2:2023, Clauses 8 to 11.

The instrument sensitivity, detection limit and measurement precision should be determined for every
analysis pefformed on the Instrument.

Before any [sample measurement, measure a quality control solution. Ensure that the mieaSurfed value of
the concenfration does not deviate from the expected value (within measurement limits). If the deviation
exceeds th¢ established laboratory measurement limits (e.g. sensitivity, stability arid uncertainty), follow
the recommnjendations of the instrument manufacturer and perform the optimization‘of parameters again.

The instrurpent sensitivity can be determined from stable strontium calibratien’ standards rup by ICP-MS
prior to samples. The concentration of calibration standard solutions should be known with high precision,
using a certfified standard if possible.

If a dual-mdde detector or similar is used, then cross calibration of detectors can be required d¢pending on
the mass concentration range of calibration standards measured.

A known arpount of standard, m_,, at a known concentration, @, shall be added for each standafd, with the
mass of calipration standard, m,, calculated using Formula {1):

Me =Pl Mes 1

The uncertginty on m, can be calculated using Formula (2):

u(mc): me '\/ulgel(pc)"'urzel(mcs) (2)

A calibratign plot can be produced using either the ICP-MS instrument software or a spreaflsheet. The
calibration [standard concentration.can be plotted against the counts per second. A linear calipration line
gives the inptrument sensitivity-pased on Formula (3):

y=D-x+E (3)

where

D  isfthé gradient of the calibration line;

y  isthe counts per second for the analyte in the sample;
x  isthe analyte mass concentration;
E  isthe intercept for the y-axis when x = 0.

Alinear calibration line gives values for D and E.

If a calibration curve is used to determine the mass concentration of the measurand, the sample matrix
effects on the instrument sensitivity are not always accounted for. The determination of the mass
concentration using a recovery tracer is a more robust approach.
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Equipment quality control solutions shall also be measured at regular intervals during the procedure to
verify that the measurement equipment is performing within agreed limits.

An internal standard shall be prepared to monitor and correct for any change in the instrument response
during a run, using an element which has a similar mass and ionisation energy to °°Sr and that is not present
in the sample being measured, for example 115In.

9.4 Method verification

The method should be validated periodically through replicate measurements of appropriate samples such
as spiked samples, reference materials or participation in intercomparison exercises.

The repeatability of the method should be verified (e.g. by replicate measurements).

10 Expre
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10.2 Data

The output
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pn and the ?0Sr-to-stable strontium isotope ratio.

Fal procedure using the isotope dilution method consists of adding a known amount o
rontium isotope to the sample solution priorto the chemical separation. The isotop
through the preconcentration, chemical seéparation and mass spectrometry measure

instructions provided by the dinstrument manufacturer and the steps dg
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vith the instrument.

s expressed as an estimate of the “true” value, to which an uncertainty is associdg
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also required.

If dilutions are carried out, apply the appropriate factor to the values of the sample.

10.3 Background

The blank solution is measured as a sample. The obtained value shall be subtracted from the measured
sample values. A blank solution should also be measured regularly throughout the procedure.

A rinsing sequence is usually performed. The sample introduction system is rinsed between each sample
using a solution of diluted HNO5. A blank solution shall be measured at regular intervals to verify that all
remaining 20Sr and interferences are removed from the system by returning to the baseline.
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Depending on the radionuclide and interfering element chemistry and concentration, more than one rinsing
solution of different concentrations can be required to return the count rate to the baseline.

Depending on the instrument software used, it is possible to set a threshold count rate that shall be reached
during the rinsing sequence before moving on to the next sample.

The ICP-MS instrument software can have a built-in background correction capability. The user shall take
care that only one background correction is applied.

10.4 Mass bias evaluation

The mass bias is a fundamental notion in mass spectrometry and the user shall take it into account
during calculations to obtain a good accuracy of measurement. This is a systematic error produced by the

instrument
the skimmgd

This fractig
true isotop

relations cdllled linear law, power law, kinetic law, equilibrium law or generalized pewer law.

There are f
885r (82,58

The bias pe

The linear1

However, the mass bias can be relatively smaltl for heavy 10ns as they are Detter focu
r cone after the sampling cone and can potentially be neglected.

nation coefficient deviation can be defined as a function of the different masses s
e ratio, R, of isotopes A and B can be expressed from the measured isotgope,ratio, r,

bur stable isotopes of strontium: 84Sr (0,56 atom%), 86Sr (9,86 atam%), 87Sr (7,00 4
atom%). It should be noted that 88Sr can exceed the range of thedeétéctor after preco

I unit mass, a, is determined measuring stable strontium isgtopes in samples.

hw is commonly used, as shown by Formula (4):

Lo1+f-am

R
where «a is the fractionation factor, which is evaluated by’measurement of two stable strontium i
A: 86Sr, B: 81Sr) using Formula (5):

o= Nret(A). 1 1| 1

Niees) Rias) ) (Mia)—Ms))

10.5 Use of naturally occurring stable strontium as chemical yield tracer
10.5.1 Internal standard
An internal standard shall\be added to the samples before measurement, including a blank 5
signal for ipternal standard monitors for changes in the instrument performance during a ry
be due to gmall variations in, for example, plasma gas flow rate, or, for higher matrix samp

seawater), internal’¢emponents such as interface cones becoming partially blocked during a ry

sample trar
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bed through

tudied. The
by different

tom%) and
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(5)

ample. The
n. This can
es (such as
n, reducing

A known m

n of known

ss‘of internal standard, my, shall be added to the sample. For this purpose, a soluti

mass concentration of internal standard, pjs, ideally with great precision, is needed. The mass of internal
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standard solution, mygs, added is recorded. The mass of internal standard added, mg, can be calculated using

Formula (6):

Mg = Pis - Myss (6)
The uncertainty on m;g can be calculated using Formula (7):
2 2
u(myg ) =myg ‘\/urel (P1s) +Urer (Myss) (7)

Some ICP-MS instruments are equipped with online internal standard lines in the sample introduction
that can measure a separate solution containing the internal standard. In such cases, the mass of internal

standard added and the associated uncertainty correction does not apply.
The net Coulnt rate for the internal standard in each sample should be corrected based on the)1e

it count rate

in the first packground sample, and this correction factor applied to each sample.
The ICP-MS|instrument software can have a built-in internal standard correction capability. The user shall
take care tHat only one internal standard correction is applied.
10.5.2 Defermination of stable strontium concentration
The calibrgtion curve is established from a series of working selutions of known and| increasing
concentratipns, including the expected concentrations (at least six pojnts that can be five different mass
concentratipns and the blank) and is expressed with Formula (8):

Nyt =4-C+b (8)
It is recommended that the mass concentration in the saniple is close to the centroid of the curve¢ in order to
minimize tIe standard uncertainty linked to the calibration curve.
If a dual-m¢de detector or similar is used, then a‘'détector cross calibration can be required d¢pending on
the activity|range of the calibration standards measured.
The calibration curve coefficient values are determined by the least-squares method.
In cases where an internal standard dsyadded to the calibration solutions, a correction factor isfintroduced.
This correcfion factor can be applied)by the ICP-MS software or any validated in-house calculatjon sheet or
software.
The mass c¢ncentration of the stable strontium, expressed in g-kg1, is equal to Formulae (9) and (10):

N_ . (Sr)=b
p(sr)o ner 1) ©
a
Npet (SY) =€t - N(Sr)— Ny (Sr) (10)

The associated uncertainty shall be determined. The measurement uncertainty is expressed in relation to

the uncerta

inty associated with the calibration, u_,,

as given in Formula (11):

and the uncertainty associated with the measurement,

u(p(Sr)) = uZy +1? (Nyeq (ST)) (11
with Formula (12):
U (N (SE)) = (N (SE))2 1% (3¢ )+ g -2 (N (ST)) +1% (N (ST) (12)
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10.5.3 Mass bias evaluation

In Formula (13), the raw isotopic ratio is corrected to the mass bias, if needed.

R(9OSr/A

=Nnet(90)' 1
sr) Nyet (a) 1+(M(90)‘M(A))'0‘

The associated uncertainty shall be determined, as shown by Formula (14):

Ure] (R( 90 Sr/ASr) ]:

1
1+(M(g0) = M(n) ) -0t

net(90)

E

net(A)

2

2
Upel

rel

Jﬂ,

(13)

(14)

10.5.4 San

The mass cncentration, p, of ?0Sr in the sample tested is calculated using Formula (15):

P =Psy

where I

~

The uncert:

u(p)

10.5.5 Linpit of detection

The limit o
deviation o
passed thrg
converted t

Lp=p

q

—_~

10.5.6 Limit of quantification

The limit of
the blank s

Ly =pys

hple mass concentration

1 Mooy

) (A Ty
Ma)

is the isotopic abundance of stable strontium isotope A.

R( 90 Sr/ASr)

linty associated with the mass concentration of 20Sr is expressed by Formula (16):

Ny

(15)

(16)

[ detection, L, corresponds to the equivalent mass concentration of three times the standard

f the measurement of 10 test portions(of a blank sample, Syq). The blank sampl
ugh all steps of the method. The standard deviation of the measured counts per se
p grams per kilogram of sample using Formula (17):

1

quantification; Ly, is 10 times the standard deviation of the measurement of 10 tesf]

mple. This can-be calculated using Formula (18):
; M99y 10-Sp(90) 1
) AB) ' '

M) Nnet(a)  1+(Mgo)=M(n)) -

p shall have
rond can be

(17)

portions of

(18)

10.6 Isotope dilution method using an enriched isotope spike

10.6.1 General

The enriched stable isotope spike (e.g. 84Sr) account for any loss of analyte during sample preparation.

10.6.2 Isotope spike solution

A known quantity of spike is added to the samples. The spike solution concentration and isotopic composition
should be known with high precision if possible. A defined mass concentration of spike, psp, and added mass,
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mgp, of the enriched stable spike solution are recorded. The amount of 84Sr added, m( 8, Sp) , can be
calculated with Formula (19):
m( B 1p) = Psp -Msp -1 (S*srsp) (19)
where I( 84, SP) is the isotopic abundance of 84Sr of the spike.
The uncertainty on m( 8., SP) can be calculated using Formula (20):
2 2 2
u[m( 84 Sr,SP) }: m( 84 Sr,SP) : \/urel (Psp )+ Ure (Msp ) +Urel (I( 84 Sr,SP) ] (20)
10.6.3 Mass bias evaluation
In Formulag¢ (21) and (22), the raw isotopic ratio is corrected to the mass bias, if needed:
R _ Nyet (90) 1 _ Nyet (90) 1 21
(%051 Psr) =N : =N 176 (21)
sample net (84) 1-i_(IVI(90) _M(84-))'a net(g4) 1TO
R _ Nnet(86) 1 _ Nnet(86) 1 27
(Ssfs] TN = (22)
sample net (84) 1-l-(l‘/l(86) _M(84-))'a net (84) AR
The associated uncertainty shall be determined, as shown by Formiilae (23) and (24):
N
2 net(90) 2 1
Uleo 84 =u1—+ul( j (23)
re ( Sr/ Sr)sample J \/ re (Nnet(84) ] " 1+6%
N
2 net(86) 2 1
Urel | Ribo . 84 :ul—+ul( ] (24)
re ( Sr/ Sr)sample ) \/ re [Nnet(84) J N1+2-«a
10.6.4 Sample mass concentration
The mass c¢ncentration, p, of 2°Sr in-the sample tested is calculated using Formula (25):
R( & Sr/ 84 Sr)SP B R( 86 Sr/ 84 Sr)sample m( 84 Sr,SP)
P:R(9 Sr/845r) R "R +1]- - (25)
sample (86 Sr/ 84 Sr)sample (86 sr/ 84 Sr)N
The uncertginty assgeiated with the mass concentration of 29Sr is expressed by Formula (26):
2 2 2
u(p) =p '\/urel (R( 90 Sr/ 84 Sr)sample }*’ Upe] [m( 84 Sr,SP) }"' Ure] (m) (26)

10.6.5 Limit of detection

The limit of detection, L, corresponds to the equivalent concentration of three times the standard deviation
of the measurement of 10 test portions of a blank sample. The blank sample shall have passed through all
steps of the method. The standard deviation of the measured counts per second can be converted to grams

per kilogram of sample using Formula (27):

L 3'SN(90) 1 R( 86y 84 Sr)SP _R( 86y 84 Sr)sample ) m( 84 Sr,SP) 27
D= . . .
Nnet (84) 1+6-c R( 86 Sr/ 84 Sr)sample _R( 86 Sr/ 84 Sr)N m
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10.6.6 Limit of quantification

The limit of quantification, L, is 10 times the standard deviation of the measurement of 10 test portions of
the blank sample. This can be calculated using Formula (28):

10

'SN(90) . 1 R( 86y 84 Sr)SP _R( 86y 84 Sr)sample m( 84 Sr,SP)

+1

Lq

Nnet(84) 1+6- R(

-R m
86 Sr/ 84 Sr)sample ( 86 Sr/ 84 Sr)N

10.7 Conversion of mass concentration to mass activity

(28)

The specific activity, cg, of ?°Sr can be multiplied by the mass concentration, p, to convert mass concentrations
to activity concentrations. The limit of detection, Ly, and limit of quantification, L,, can be multi

plied by the

mass conce

C=p-Cq
The uncertg
u(C)=¢
The Ly and

10.8 Conv

A conversio
analyte ma
conversion

Py =p

The uncert:

htration, p, to be converted to mass activities. The conversion is carried out using Lot

1inty of the activity concentration is calculated using Formula (30):

L [ 2 2
\/urel (P)+ Upe (CS )
. are estimated values and do not require an uncertainty calculation.

ersion from mass to volume units

n from mass (grams per kilogram) to volume (grams per litre) units can be achievsg
5s concentration, p, mass, m, and volume, V, of the sample recorded during the pro

s carried out using Formula (31):

m

%4
linty in this conversion can be caldulated using Formula (32):

py 12y (p)+1i2y (m) 1123 (V)

pport

The test report should éenform to ISO/IEC 17025 requirements. The test report shall contain t}

nce to-this document (i.e. [SO 4721:2024);

mula (29):
(29)

(30)

d using the
redure. The

(31)

(32)

le following

cation of the sample;

u(pv ) T
11 Testr
information:
a) areferg
b) identifi
)
d)

the units in which the results are expressed;

stated in the report.

Method 1

the test result can be given according to either method 1 or method 2; the method used shall be clearly

— iftheresultis less than the limit of detection, the result of the measurement is expressed as <L,

— if the result is between the limit of detection and the limit of quantification, the result of the

measurement is expressed as <Lq,
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— iftheresultis greater than limit of quantification, the result of the measurement is expressed as
(ptk-u(p)orp+U)oras(c+k-u(c)orcz*U)with the associated k value.

If the limit of detection exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose.

— Method 2
— iftheresultisless than the limit of quantification, the result of the measurement is expressed as <L,

— iftheresultis greater than limit of quantification, the result of the measurement is expressed as
(pxk-u(p)orpxU)oras(c*k-u(c)orc* U)with the associated k value.

If the limit of quantification exceeds the guideline value, it shall be documented that the method is
nof suitable for the measurement purpose.

Complemerftary information can be provided such as:
e) the limjt of application;
f) the detgction limit and the limit of quantification;

g) any meption of relevant information likely to affect the results.
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Annex A
(informative)

Chemical separation of strontium by crown ether-based extraction
chromatographic resin — Sample strontium solution in 4 mol-1-1 HNO,

A.1 Principle

This technjque gives options for the extraction chromatography separation and pre-corggntration of
strontium. The pre-concentration procedure is good for high concentration of interference eleme¢nt samples,
whilst extraction chromatography chemical separation is fast and well suited for monitoring ?°9r activity in
waters by ICP-MS.

The methqd consists of acidification, chemical separation with a strontidm specific| extraction
chromatogiaphic resin and ICP-MS measurement.

A.2 Reagents and equipment
A.2.1 Reggents

A.2.1.1 Strontium specific extraction resin, functionalized by crown ether (4,4'(5')-di-t-
butylcyclohexano 18-crown-6) in 1-octanol (e.g. Triskem'Sr Resin?)).

A.2.1.2 Ultrapure water.

Ultrapure water with a resistivity of 18,2 MQ-cmter higher at 25 °C is recommended.
A.2.1.3 Nitric acid, HNO;, concentrated; 15,2 mol-I-L.

A.2.1.4 4 mol- 11 nitric acid, dilute;HNO; (A.2.1.3) with ultrapure water (A.2.1.2).
A.2.1.5 1mol-1 nitric acid;-dilute HNO; (A.2.1.3) with ultrapure water (A.2.1.2).
A.2.1.6 0,05 mol-1-1 nitric acid, dilute HNO; (A.2.1.3) with ultrapure water (A.2.1.2).

A.2.2 Equipment

Usual laborptery equipment and, in particular, the following.

A.2.2.1 Analytical balance.
A.2.2.2 Hot plate.

A.2.2.3 Centrifuge tubes.

2) Triskem Sr Resin is an example of suitable extraction chromatography medium. 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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A.3 Procedure

A.3.1 Chemical separation

A.3.1.1 HNO; addition

Add 8 ml of concentrated HNO; (A.2.1.3) to 20 ml of water samples.

A.3.1.2 Separation and purification by extraction chromatography

The separation and purification procedure is carried out with two main steps: extraction and elution of
strontium.

— Prepar¢ a pre-packed column or cartridge containing 2 ml of strontium-specific extraction repin (A.2.1.1)
and conjdition with 10 ml of 4 mol-I-1 HNO; (A.2.1.4).

— Load tHe sample into the column and allow it to pass through.
— Rinse the column with 4 ml of 4 mol-I"1 HNO; (A.2.1.4).

— Rinse sfrontium specific extraction resin column with 4 ml of 1 mol-1"! nitfigacid (A.2.1.5) tojremove any
Zr and pther possible interferences that can be present and discard the‘column eluate.

— Elute sfrontium from the column with 5 ml of 0,05 mol-1-1 HNO; (A=241.6) and collect the eluafte in a clean
plastic yial.

A.3.2 Measurement
Perform th¢ ICP-MS measurement.
Determine the mass concentrations of the isotopes.

Calculate tHe corresponding activity concentrations:
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Annex B
(informative)

Chemical separation of strontium by strontium-specific
extraction chromatographic resin — Sample strontium solution in

0,01 mol-1-1 HNO,

B.1 Prin

This techni
The proced
chromatogt

Ciple

ue gives options for extraction chromatography separation and pre-concentration o
ire is good for low 20Sr activity concentration samples in high volume (up te.1.1) sanj
aphy chemical separation is fast and well suited for monitoring °%Sr activityin water

The mass df the test portion shall take into account the presumed activity of the sample and

detection li

mit. The procedure described in this annex applies to water samplés)of a volume of 0

The metho

consists of acidification, chemical separation with a strontium-specific extractio

ICP-MS medsurement.

B.2 Reagents and equipment

B.2.1 Reg3gents

B.2.1.1 Crown-ether based extraction chromatography resin, functionalized by
dicyclohexlyl-18-crown-6 and Di(2-ethyl-hexyl}. phosphoric acid) (HDEHP) (e.g. Triskem Iy
TK100 resip?)).

B.2.1.2 U
B.2.1.3 N
B.2.14 H
B.2.1.5 0,

B.2.1.6 2

trapure water, with a resistivity of 18,2 MQ-cm or higher at 25 °C is recommended.
tric acid, HNO;, concentrated, 15,2 mol-1-1.

ydrochloric acid,"HCl, concentrated, 12 mol-1-1.

D1 mol-1-1 nitric acid, dilute HNO; (B.2.1.3) with ultrapure water (B.2.1.2).

mol-1-thydrochloric acid, dilute HNO; (B.2.1.4) with ultrapure water (B.2.1.2).

B.2.2 Equyipment

f strontium.
ples, whilst
5 by ICP-MS.

the desired
11to11l

h resin and

(Di-t-butyl
ternational

Usual laboratory equipment and, in particular, the following.

B.2.2.1 Analytical balance.

B.2.2.2 Hot plate.

B.2.2.3 Centrifuge tubes.

3) Triskem International TK100 resin is an example of suitable extraction chromatography medium. 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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B.3 Procedure

B.3.1 HNO; addition

Add the concentrated HNO5 (B.2.1.3) to achieve a nitric acid concentration of 0,01 mol-1-1 in the sample
solution.

B.3.2 Chemical separation: Preconcentration and separation by extraction
chromatography resin

This procedure is carried out with two main steps: retention and elution of strontium.

Prepare a pre-packed column or cartridge containing 2 ml of extraction chromatography resin (B.2.1.1) and
condition w{ith 10 ml of 0,01 mol-I"™t HNO; (B.2.1.5).

Load the sample into the column and allow it to pass through.
Elute strontjum from the column with 20 ml of 2 mol-I1 HCI (B.2.1.6) and collect the eluateiin‘a clean glass beaker.
NOTE1 Under 0,01 mol-l-1 HNO; and 2 mol-1-1 HCI conditions, Zr is well retained on the resin and will ot be eluted.

NOTE 2  3[mol-1-1 HCl and 0,01 mol-1-! EDTA have also been shown to effectively, elute strontium from TK100 resin.

B.3.3 Measurement
Perform th¢ ICP-MS measurement.
Determine the mass concentrations of the isotopes.

Calculate tHe corresponding activity concentrations.
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