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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

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 not.received

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 wat

ers, ground

waters and 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 t

horium and

uranium decay series, in particular 210Pb, 210pg, 222Rp, 226Rq, 228Rgq, 227Ac, 231Pa, 234U and 238U, can be

found in water bodies due to either natural processes (e.g. desorption from the soil and ru

noff 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 55Fe 59Nj 63Nj 90 99

and Cnf), 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 in medical and industrial applications can be released to thé 'environme
Anthropogenic radionuclides are also found in waters due to contamination-rom fallout res
above-ground nuclear detonations and accidents such as those that have gccurred at the Ch
Fukushima nuclear facilities.

Radionuclid
and climati
during plar

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
contain radionuclides at activity concentrations that can present a human health risk. The W
Organizatiqn (WHO) recommends to routinely monitor radivactivity in drinking waters[#]
proper actipns when needed to minimize the health risk.

National re
water bodié
existing an
the WHO g
limits is as
their associ

rulations usually specify the activity concent¥ation limits that are authorized in drinl
s and liquid effluents to be dischargedto the environment. These limits can vary f
| emergency exposure situations. Asanr example, during either a planned or existir
idance level for 231Pa in drinking-water is 0,1 Bq:1-1, see NOTES 1 and 2. Compliance
essed by measuring radioactivity in water samples and by comparing the results ob{
ted uncertainties, as specified by ISO/IEC Guide 98-3 and I1SO 5667-20[21.

NOTE1 Iffthe value is not specified-in_Annex 6 of Reference [4], the value has been calculated using
provided in Reference [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, with an intaj
drinking water for one year, results in an effective dose of 0,1 mSv-a~1 to members of the public. 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 documlent contains method(s) to support laboratories, which need to determine 231Pa in wa

The methof

described 1n this document can be used for various types of waters (see Cla

-Np, Pu,Am
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,

with these
ained, with

the formula

e of 2 1-d~1 of
an effective
y detectable

fer samples.

use 1). For
adle if needed

to ensure that the dec151on threshold 11m1t of detectlon and uncertalntles are below the requlred limits.

For ICP-MS methods, minor modifications 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 — Protactinium 231 — 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 docun
(ICP-MS). T

The method
ground wat
after prope

The limit of
detection e
currently ay
for safe con

The method
between 0,
measured i

The methoc

Filtration o
adsorbed td
a mineraliz
different ph

It is the use

ent specifies a method to determine 231Pa by inductively coupled plasma mass sp
he mass concentrations obtained can be converted into activity concenttrations.

described in this document is applicable to test samples of drinkingwater, rainwater,
er, marine water, as well as cooling water, industrial water, domegstic and industrial
" sampling and handling and test sample preparation.

detection depends on the sample volume, the instrument used, the background cot
fficiency and the chemical yield. In this documentgthe limit of detection of the m
railable apparatus is approximately 0,1 Bq-17! (or Bg;kg™1), which is the same as the W
sumption of drinking water (0,1 Bq-1-1)[4],

described in this document covers the meagurement of 231Pa in water at activity con
I Bg-1"! and 100 Bq-I-1. Samples with higher activity concentrations than 100 B
a dilution is performed.

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

f the test sample is necessary. for the method described in this document. The analy

ation step that is not covered by this document. In this case, the measurement is
ases obtained.

I’s responsibility’to-ensure the validity of this test method for the water samples test

ectrometry

surface and
wastewater

Int rate, the
bthod using
'HO criteria

centrations
111" can be

rsis of 231Pa

suspended matter is not,covered by this method. The analysis of the insoluble fractjon requires

nade on the

ed.

2 Normative references
The followihg documents are referred to in the text in such a way that some or all of their contentjconstitutes
requiremen references,

the latest e

U

ts-of‘this document. For dated references, only the edition cited applies. For undated

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

measurement (GUM:1995)

[SO 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

[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 and ISO 80000-10 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO On]ine browsing platform: available at https://www.iso.org/obp

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

4 Symbols
C Mags activity Bqg-kg!
C, Spefific activity corresponding to one gram of the radionuclide Bg-g!
Cy Actjvity of the tracer Bq
Crs Mags activity of the tracer added to a sample Bq-g!

k  Coverage factor for uncertainties —

Limlit of detection in mass concentration, the lowest mass concentration that can be

Lp conpidered statistically different from a blank sample Counts-s~
Ly L'imit of quantif'ication, the lowest mass concentration that can be quantified with sta- Counts-s-1
tist]cal uncertainty

m  Mags of sample kg
m /z Mags-to-charge ratio measured by ICP-MS —
m, Mags of analyte addédto a spiked solution g
m,g Mags of analyte solution added to a control sample or for measurement calculation g
m: Mags of calibration standard solution tracer added to a sample g
mcg Magscof talibration standard solution added to a sample g
m;s Mass of internal standard added to a blank and a sample g
mgs Mass of internal standard solution added to a blank or a sample g
my Mass of tracer solution added to a blank and a sample g
mrg Mass of tracer solution added to a reagent blank g
myrg Mass of tracer solution added to a blank or a sample g

N Number of counts per second measured by ICP-MS of a sample at a given mass-to- Counts-s-1

charge ratio

© IS0 2024 - All rights reserved
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Number of counts per second measured by ICP-MS of a blank sample at a given mass-to-

o1
No charge ratio Counts-s
W Average number of counts per second for several blank samples measured by ICP-MS at Counts-s-1
0 agiven mass-to-charge ratio
N,.. Netnumber of counts per second, N - N, Counts-s1
N, .us Net number of counts per second at the internal standard mass-to-charge ratio Counts-s~!
Net number of counts per second in samples where a tracer has been added to assess 1
Nyeer : Counts-s
chemical recovery
Ngp Net TTUTITDer of Toumts persecond i the spiked reagent btamk Counts-s™1
Nyt Nurpber of counts per second at analyte mass-to-charge ratio present as impurities Counts-s™1
Nys Netjnumber of counts per second in the unspiked reagent blank sample Counts-s™1
R. Chemical recovery following purification measured by ICP-MS —
Sy, Stapdard deviation obtained by measurement of 10 test portions of the-blank sample Counts-s™1
U Expanded uncertainty and the coverage factor kwithk=1,2,.. U=k u Bqg-kg!

u. Relative standard uncertainty —

u(C) Stamdard uncertainty of the mass activity result Bq-kg
u(p) Stapdard uncertainty associated with the measurement result gkg1
V' Vol@ime of sample 1
" Medsurement bias constant which allows a torrection for signal intensity bias between L
theltracer and the analyte
p  Mags concentration of the analyte gkg1
ppn Mags concentration of the analyte in the standard solution g-gl
pc Mags concentration of ghe-calibration standard solution g-gl
Mags concentratiomof'the internal standard element or isotope per unit volume of the 1
Pis  intdrnal standar@sélution §8
pr Mags concentration of the tracer solution g-g!
py Mags of\analyte per sample unit volume gl

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 concentration of 231Pa in water samples(8l.[2],
Protactinium-231 is a naturally occurring radionuclide.

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

The typical measurement time is several minutes per sample, including sample uptake, counting time and
washout before the next sample.

© IS0 2024 - All rights reserved
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Table 1 — Half-life and specific activity of 231Pall10]

Isotope Half-life Specific activity
years Bq-g!
231pa 3,267 0 (260) - 10* 1,753 (14) - 109

of the limit of detection that can be obtained with ICP-MS is given in Table 2.

Table 2 — Example of limit of detectionl!I

Isotope Limit of detection Limit of detection
ug.l—l Bq.l—l
gD 5,7 10> 0,1
Radionuclide measurement by ICP-MS is affected by several interferences which are outlined ih [fable 3.
Table 3 — Interferences affecting ICP-MS measurement
Type of interference Description 231p3 interference
Isoharic Stable or radioactive isotopes with a similar mass to the'analyte None
Polvatomic Stable or radioactive isotopes combining in plasmacto form a 230Th1H, 199Hg160,,
y polyatomic ion with a similar mass to the dnalyte 19 r40Ar
Stable or radioactive isotopes of one or two mass)units on either side
Tailing of the analyte with a relatively high abundance (>10°) relative to the 2B2Th
analyte

[t is import
to remove i

Chemical s¢
polyatomic

[t is impor
initially be
atm /z=2]

An aliquot

hnt to ensure that all potential interferences have'been removed prior to measuremgnt in order

hterferences and pre-concentrate 231Pa prior t0 measurement.

paration of 231Pa is required prior to measurement. This also removes elements thiat can form

and tailing interferences.

ant to know the interference separation factor achievable by chemical separation. This can
ssessed by running stable element standards at increasing concentrations to monitor the impact
1.

of a water sample can ;be directly measured by ICP-MS to determine the stable element

composition.

Chemical

measurem
separation.
Protactiniu

before this
bsigns offer

High matrix samples, such as seawater, can need to be diluted to a greater extent

nt, depending on.the sample introduction system of the instrument used; some d

t cannot be

a prior to
in chemical
the analyte.

m- 233 isa sultable tracer that can be quantlfled by gamma spectrometry

To quantify any potential interference coming from the reagents, a blank sample is prepared in the same
way as the test sample. This blank sample is prepared using ultrapure water.

6 Sampling and sample storage

Sampling, handling and storage of the water shall be done as specified in ISO 5667-1, ISO 5667-3 and
[SO 5667-10, and guidance is given for the different types of water in References [13] to [20]. It is important
that the laboratory receives a sample that is truly representative and has neither been damaged nor modified
during transportation or storage.

© IS0 2024 - All rights reserved
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The sample is filtered to remove suspended matter using a 0,45 pm filter. A smaller pore size filter can also
be used, but the filtration can be more tedious and time-consuming. The sample shall be acidified after

filtration to

a pH less than 2 with HNO,.

Minimising contamination and losses is of primary concern. Impurities in the reagents and dust on the
laboratory equipment in contact with the samples can be potential sources of stable element contamination
that increases the background at m / z=231. The sample containers can lead to either a positive or a negative
bias in the determination of trace elements by superficial desorption or adsorption.

7 Chemical reagents and apparatus

7.1 General

The chemid

al reagents and equipment used for chemical treatment and preparation of the’s

described ifh Annexes A and B.

Use only re
7.2 Chen

7.2.1 Uln

than 1 pg-17.

Unless othe

7.2.2 Inst
of the instr

The same r¢

hgents of recognized analytical grade.
nical reagents

rapure water, with a resistivity of more than 18,2 M(Q-cm at 25CC and a total organic

=3

rwise stated, water refers to ultrapure water.

'rument blank, for example 0,3 mol-l~! nitric acid,“sed to determine the backgroun
hment at selected mass-to-charge ratios.

pagent is also used to prepare the calibration-standards and final samples for measui]

7.2.3 Protactinium-231 standard solutiom;lused to prepare calibration standards to cz

concentrati

7.2.4 Intg

pn in the sample.

trnal standard solution, prepared with a stable element.

7.2.5 Tralcer solution, to determiine the chemical recovery. This solution is prepared by d

standard th

at is traceable to natienal and international standards.

7.2.6 Argon gas, for the'plasma in the ICP-MS, at least 99,99 % pure.

7.3 App3

Usual labor

ratus

htory apparatus and in particular the following:

amples are

carbon less

1 count rate

ement.

\lculate the

ilution of a

7.3.1

ICP-MS and associated software, quadrupole (with or without collision or reaction cell capability),

tandem, sector field or multi-collector. Operation at constant temperature is recommended. Follow the
manufacturers instruction for laboratory setup and instrument operation.

7.3.2 Argon supply, equipped with pressure control and suitable extract and gas regulation system.

7.3.3 Autosampler, if available, and compatible tubing for running multiple samples automatically.

7.3.4 Pipette, suitable for the accurate transfer of calibration standard, tracer and internal standard
solution with a total precision within +1 %.

© IS0 2024 - All rights reserved
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7.3.5 Balance, for example, capable of achieving +0,1 mg precision.

8 Separation

It is the user’s responsibility to ensure that all potential interferences have been removed. The extent of
removal of interferences is a result of the decontamination factor of the separation method. Suggested
chemical separation options are outlined in Annexes A and B.

Alternative chemical separation procedures can be used that are outside of the scope of this document (such
as those in References [11], [12], [21], [22], [23], [24] and [25]).

9 Quality control

9.1 Gendral

Measurement methods 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 analy$t has not performed this procedure before, a precision and bias/test should be pgrformed by
running a {luplicate measurement of either a reference or spiked material~Acceptance limitp should be
within limifs specified by the laboratory.

A similar eyaluation procedure should be performed by the analystywho routinely applies thig procedure,
with a periodicity defined by the laboratory. Acceptance limits.should be within limits specified by the
laboratory.

9.2 Varidbles that can influence the measurement

Special carg¢ shall be taken in order to limit the influence of parameters that can bias the measurement and
lead to a nqn-representative result. Failure to takesufficient precautions during the different fteps of the
measuremgnt process such as sampling, transportation and storage, reagents used, sample transfer, can
require corfective factors to be applied to theiimnéasured results.

9.3 Instrument verification

Follow thg instructions providéd) by the instrument manufacturer and the steps dgscribed in
ISO 17294-1:2024, Clauses 7 and9)and ISO 17294-2:2023, Clauses 8 to 11.

The instrugnent sensitivitylimit of detection, measurement precision and measurement biag should be
determined for every analygsis performed on the instrument.

Before any[sample measurement, measure a quality control solution. Ensure that the measured value of
the concenfrationsdoés not deviate from the expected value (within measurement limits). If the deviation
exceeds th¢ established laboratory measurement limits (e.g. sensitivity, stability and uncertainty), follow
the recomnjendations of the instrument's manufacturer and perform the optimization of paramgters again.

The instrument sensitivity can be determined from 231Pa calibration standards run by ICP-MS prior to
samples. The concentration of calibration standard solutions should be known with high precision, using a
certified standard if possible.

If a dual-mode detector or similar is used, then detector cross calibration can be required depending on the
activity range of calibration standards measured.

© IS0 2024 - All rights reserved
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A known mass of calibration standard solution, mcg, at a known mass concentration, p¢, shall be added for
each standard, with the mass of calibration standard, m, calculated using Formula (1):

Mg = pc * Mcs

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

u(me)

= mg \/Urzel(Pc) + Ul (meg)

e8]

(2)

A calibration p]nf can be prndnr‘nr‘] using either the ICP-MS instrument software or a sprea

calibration
gives the in

y=D-

where

D st

y st

Xx ist

E st
A linear ca
concentrati
accounted
approach.

Equipment
verify that {

An internal
during a ry
presentin t

9.4 Meth

The method
as spiked s3g

standard concentration can be plotted against the counts per second. A linear cali
strument sensitivity based on Formula (3):

X + E

he gradient of the calibration line;

he counts per second for the analyte in the sample;
he analyte mass concentration;

he intercept for the y-axis when x = 0.

ibration line gives values for D and E. If a;galibration curve is used to determin
pn of the measurand, the sample matrix_effects on the instrument sensitivity are

quality control solutions shall also be measured at regular intervals during the p
he measurement equipment is‘performing within agreed limits.

standard shall be prepared to monitor and correct for any change in the instrumen
n, using an element which has a similar mass and ionization energy to 231Pa and
he sample being measured, for example 209Bi.

od verification

| should be Validated periodically through replicate measurements of appropriate sz
mplesyreference materials or participation in inter-comparison exercises.

The repeatz

sheet. The
bration line

(3

e the mass
not always

for. The determination of the mass concentration using a recovery tracer is a more robust

rocedure to

['s response
that is not

imples such

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

10 Expre

10.1 Data

ssion of results

analysis

The output from the instrument is typically in counts per second. Gross count rates for samples are
corrected for background and change in the instrument's response using the internal standard. A correction

for chemica

I recovery is also required.

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

© IS0 2024 - All rights reserved
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10.2 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 dilute HNO5. A blank solution shall be measured at regular intervals to verify that all
remaining 231Pa is removed from the system by returning to background level.

Depending on the interfering element concentration, more than one rinsing solution of different
concentrations can be required to return the count rate to the background level.

Depending on the instrument software used, it is possible to set a threshold count rate that shall be reached

during the

insing sequence hefore moving on to the next sample

The ICP-MS
care that or

10.3 Inter

An internal
for internal

variations in, for example, plasma gas flow rate, or, for higher matrix samples such as seawa

component

A known nj
solution of
mass of intq
calculated u

myg =
The uncert:
u(mg)

Some ICP-M
can measur

instrument software can have built-in background correction capability. Theuse
ly one background correction is applied.

nal standard

standard shall be added to samples before measurement, including-a blank sample|
standard monitors for changes in instrument performance duringatun. This can be

5 such as interface cones becoming partially blocked during-adun, reducing sample tr

ass of internal standard, myg, shall be added to the saniple and the blank. For thig

rnal standard solution, m;gc, added is recorded. The,mass of internal standard added

|sing Formula (4):

DIs - Myss

jinty on myg can be calculated using Kormula (5):

2 2
= myg \/“rel (pr1s) + Upe (Myss)

e a separate solutioncontaining the internal standard.

The net co

in the first packground safnple and this correction factor applied to each sample.

nt rate for the internal standard in each sample should be corrected based on the ne

rr shall take

. The signal
Hue to small
er, internal
hnsmission.

purpose, a

known mass concentration of internal standard, p;ssideally with great precision, is peeded. The

mg, can be

(4)

(5)

S instruments are equipped with online internal standard lines in the sample introduction that

t count rate

The ICP-MS|instrument software can have a built-in internal standard correction capability. The user shall

take care that only ene internal standard correction is applied.

10.4 Exprssion of results using 233Pa as a recovery tracer

10.4.1 Calculation of activity of the tracer and mass of the analyte

The sample activity is determined using a recovery tracer, which corrects for losses during the sample
preparation. The instrumental deviations during the measurement are corrected using an internal
standard. The mass activity of the tracer solution, Cyg, and the internal standard mass concentration, pyg,
shall be known, ideally with great precision. A certified standard is usually employed for 233Pa. A defined
mass activity of the tracer solution, Crg, is added to each sample and the mass of the tracer solution added,
My, is recorded.

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=eb4b236c0771378e4eefd308297d5ce7

ISO 4717:2024(en)

The activity of the tracer, Cp, added to each sample can be calculated using Formula (6):

Cr = Crg - mqg

(6)

Note that the activity of tracer added is calculated at a reference date. Consider the isotope decay when

calculating

the recovery obtained from the gamma spectrometry method.

The uncertainty on C; can be calculated using Formula (7):

2 2
u(Cr) = Crp \/urel(CTS) + Upel (M1s)

(7)

To calculate the measurement bias from the internal standard and prepare control solutions, a known mass

of 231Pa, m
231pa, p,, id
The mass o

my =
The uncert:

u(my)

10.4.2 Che

The 233Pa tj
measured 3
recovery is

, shall be added to the solution. For this purpose, a solution of known mass conc
eally with great precision, is needed. The mass of the analyte solution added, nijg,
231Pa, m,, can be calculated using Formula (8):

PA - Mas

jinty on m, can be calculated using Formula (9):

2 2
= my \/“rel (Pa) + Upe (Mys)

mical recovery

acer is counted by gamma spectrometry. The cheiftical recovery, R, is calculated by
ctivity by the expected activity. The decay of the 233Pa tracer shall be calculated. T

calculated using Formula (10):

JnetT )i - (NnetT )f

is 4
f
Additional 5

is 4

If dilutions

10.4.3 Me

The measut

(NnetT )f

he initial sample measuréd)prior to separation;
he final sample afterseparation.
amples can be.m€asured at different stages of the separation procedure to monitor {

hre carried-qut, apply the appropriate factor to the values of the sample.

hsurement bias

ement bias is a correction factor that corrects for all the measurement deviations

bntration of
s recorded.

(8)

9

lividing the

he chemical

(10)

he yield.

etween the

tracer and the analyte. It includes correction for the mass bias and the variation of signal intens
the tracer and the analyte. When a stable tracer or internal standard is used, it also corrects for the fact that
only one isotope of the element is used for the measurement.

ty between

The measurement bias, «, is first determined by measuring with the ICP-MS instrument the number

of counts p

er second (cps) obtained for 231Pa, N,

and for the internal standard, N, s, using a solution

containing a known mass of 231Pa, m,, and of internal standard, m;s. The measurement bias is determined

using Formula (11):

o = (my - Npeys)/ (myg

’ Nnet)

© IS0 2024 - All rights reserved
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The uncertainty on the measurement bias is determined using Formula (12):

u(a) =

2 2 2 2
a\/urel (mA) + Upel (mlS ) T Upel (Nnet ) T U (NnetIS)

10.4.4 Sample mass concentration

The sample

p = (o - mg

mass concentration, p, in 231Pa is calculated using Formula (13):

’ Nnet)/(Rc -m - NnetIS)

(12)

(13)

The uncertd

u(p)

10.5 Limi
The limit of]
of the meas
steps of the

Lp =Ny

10.6 Limi

The limit of

the blank. T|
NOTE T

using decay

10.7 Corr

The tracer
for. To corr
counts at m

NT ZNE

linty on the sample mass concentration is calculated using Formula (14):

2 2 2 2 2 2
p\/urel (mlS) t U (Nnet) t U (NnetIS) + urel(a) + urel(m) t U (Rc)

L of detection

detection, Lp, corresponds to the equivalent concentration of thtee times the standai
urement of 10 test portions of a blank sample. The blank sample shall have passed
method. The limit of detection is calculated using Formula{15):

+3 'SNO

L of quantification

quantification, L, is 10 times the standard-deviation of the measurement of 10 tesf]
his can be calculated using Formula (16];

+1O .SNO

he calculation of the limit of detéction and limit of quantification using atom counting is diff
counting techniques.

bcting for 231Pa contamination in the tracer

an contain a 3P4 contamination that interferes with sample measurement if it is n
ect for this, ablank sample should be prepared containing a known mass of tracer, 1
/ z = 23lredmpared between the spiked, Ngp, and unspiked, Ny;5, blank using Formulz

p —Nus

(14)

d deviation
through all

(15)

portions of

(16)

erent to that

t corrected
g, and the

L (17):
(17)

If a chemical separation is performed, the contribution of 3TPa from the tracer, Ny, varies with t
recovery, R.. The net numbers of counts for each sample, N, .1, can be calculated using Formula (18):

Npeer =

(N—=Ng)—(Nys +(R; * Ny - mp /myg))

The uncertainty on the tracer counts can be calculated using Formula (19):

e chemical

(18)

u(Nperr) :J(uuv)f +u(No))? +(u(Nys P + [l (Re) +uley (N ) +uy (me) +uZy (meg) | (19)

© IS0 2024 - All rights reserved
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10.8 Conversion of mass concentration to mass activity

The specific activity, C,, of 231Pa can be multiplied by the mass concentration, p, limit of detection, Ly, and
limit of quantification, LQ, to convert from mass concentration to mass activity, C, using Formula (20):

C=p - C

The uncertainty of the mass activity is calculated using Formula (21):

u(C) =il (p) +ul (Cy)

The Ly and

10.9 Conv

A conversid
analyte ma
carried out

Py =

m
I

The uncert:

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

u(py)
11 Testr
information:
a)
b) identifi
C) unitsin
d) the test

inther

— Me

referenfce to this documenti.e. ISO%717:2024;

[ 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, p, mass, m, and volume, V, of the sample recorded during the procedure. The cc

using Formula (22):
Io}

4

inty in this conversion can be calculated using Formula (23):

= Py \/ulgel (P) + uIZ'el (m) + uIZ‘el (V)

eport

cation of the sample;
which the results,are expressed;

result can be‘given according to method 1 or method 2; the method used shall be cl
pport.

thod ¢

(20)

(21

d using the
nversion is

(22)

(23)

1e following

barly stated

ifthe resultis less than the limit of detection, the result of the measurement is expre|

ssed as <Ly,

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

measurement is expressed as SLQ,

if the result is greater than limit of quantification, the result of the measurementis e
(pxk-u(p)orptU)oras (C*k-u(C)orC+*U)with the associated k value.

xpressed as

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

if the result is less than the limit of quantification, the result of the measurement i
as<L
QI

© IS0 2024 - All rights reserved
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— iftheresultis greater than limit of quantification, the result of the measurement is expressed as
(ptk-u(p)orpxU)oras(Cxk-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
not suitable for the measurement purpose.

e) the date used to calculate the sample mass activity;
f) the date of issue of the report.
Complementary information can be provided such as:

g) relevant dates such as the date of sampling, the date of the sample receipt and the date of the analysis
start, where these dates are critical to the validity and application of the results;

h) the lim{t of application;
i) the limjt of detection and the limit of quantification;

j) any mgqntion of relevant deviation from this document likely to affect the résults and gny unusual
featurels observed.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Chemical separation of protactinium by extraction chromatography

A.1 Principle

This Annex gives options for the extraction chromatography separation and pre-concentration of Pa. The

pre-concen
separation
is based on

A.2 Tech

A.2.1 Resd

Unless othe
water or w{

A211 O

A212 H
A213 N

A214 U

than 1 pg-17.

A.2.2 Equipment

Usual labor

A221 A

A2.2.2 H

A.2.2.3 Cq

References [26] and [27].

ration procedure 1S good for low activity samples, while extraction chromatograp
s fast and well-suited for monitoring protactinium activity in waters by ICP-MS.(Thi

nical resources

jgents

rwise stated, use only reagents of recognized analytical grade and distilled or de
ter of equivalent purity

rtanol-based extraction chromatography resin (e.g)Triskem TK400D).
ydrochloric acid, ¢(HCI) = 12 mol-1-1, 0,1 mol-17%
tric acid, c(HNO;) = 0,3 mol-I-L.

trapure water, with a resistivity ofmore than 18,2 MQ-cm at 25 °C and total organic

=

htory equipment and, in‘particular, the following.
halytical balance.
bt plate.

tntrifuge tubes.

hy chemical
5 procedure

mineralized

carbon less

A.3 Procedure

A.3.1 General

This procedure is carried out with two main steps: extraction and elution of protactinium. In all steps, if not
specified, the flow rate should be of approximately 1 ml'min1.

NOTE

vacuum is therefore very helpful to support the flow.

In some cases, the flow through resin columns is very poor because of sample impurities. Working with

1) Triskem TK400 resin is an example of suitable extraction chromatography media. This information is given for the

convenience

of users of this document and does not constitute an endorsement of ISO of this product.

© IS0 2024 - All rights reserved
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mical separation

acer addition

Add 233Pa as a yield tracer that is detectable by gamma spectrometry.

NOTE The half-life of 233Pa is 26,98(2) days; see Reference [9].

A.3.2.2 Concentration step

To concentrate the protactinium in the sample, the solution can be evaporated (A.2.2.2).

A.3.2.3 Se

paration and purificaﬁnn

This procedure is based on References [15] and [16].

Transfer thg evaporated sample residue (A.3.2.2) to a clean, labelled glass beaker and\thén, re
sample in 1P mol-I-1 hydrochloric acid (A.2.1.2).

Prepare a pre-packed TK400 column or cartridge containing 2 ml of resin (A.2.121) and conditio

of 12 mol-l-}

hydrochloric acid (A.2.1.2):

— introdyce the sample into the column, and allow it to pass through;

— wash t#e column with 30 ml of 12 mol-I-1 hydrochloric acid (A.2¢1.2) to remove interfering el

retain

— elute p1

a on the column;

lissolve the

n with 5 ml

ements and

otactinium from the column with 15 ml of 0,1 mokl1 hydrochloric acid (A.2.1.2) andl collect the
eluate in a clean glass beaker.

A.3.3 Measurement

A.3.3.1 Pg

rform an ICP-MS measurement of 234Pa.

A.3.3.2 Pdgrform a gamma spectrometry measurement of 233Pa tracer.

© IS0 2024 - All rights reserved
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