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Foreword

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

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

Radionuclides are present throughout the environment; thus, water bodies (e.g. surface waters, 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 thorium 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 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).
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ppogenic radionuclides, such as >>Fe, >?Ni, °°N1, 7YSrand ~7Tc, transuranic elements (€.g.
m) and some gamma emitting radionuclides, such as ¢9Co and 137Cs, can also be found
5. Small quantities of anthropogenic radionuclides can be discharged from nuclearfacil

ually controlled before being discharged to the environmentlll and water bodies. Antk
uclides used in medical and industrial applications can be released to the environmen
bpogenic radionuclides are also found in waters due to contamination from fallout resy
ground nuclear detonations and accidents such as those that have occurred at the Che
hima nuclear facilities.

de activity concentrations in water bodies can vary accordingto local geological char
[ic conditions and can be locally and temporally enhanced' by releases from nuclea

di

ions when needed to minimize the health risk.

poulations usually specify the activity concentration limits that are authorized in drinki
ies and liquid effluents to be discharged to'the environment. These limits can vary fq
d emergency exposure situations. As:d@n example, during either a planned or existing
ruidance level for 232Th in drinkingWater is 1 Bq:1-1, see NOTES 1 and 2. Compliance
sessed by measuring radioactivity.in water samples and by comparing the results obtz
iated uncertainties, as specifiedby ISO/IEC Guide 98-3 and ISO 5667-201[31.

f the value is not specified/dnAnnex 6 of Reference [4], the value has been calculated using {
Reference [4] and the dose ¢oefficient data from References [6] and [7].

['he guidance level calculated in Reference [4] is the activity concentration that, with an intake
hter for one year, restilts in an effective dose of 0,1 mSv-a~! to members of the public. This is
bpresents a very Tow level of risk to human health and which is not expected to give rise to anj
Ith effects(4l;
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The methqd déséribed in this document can be used for various types of waters (see Clause 1). Forr

methods,

ent contains method(s) to support laboratories that need to determine 232Th in water
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ned, existing, and emergency exposure situationsl2l.[3}/Some drinking water sources can thus
ionuclides at activity concentrations that can present a human health risk. The Wqrld Health
on (WHO) recommends to routinely monitor radioactivity in drinking waters[4l apd to take

ng waters,
r planned,

situation,
with these
ined, with

he formula

of 21-d-1 of
hn effective
detectable

samples.

hdiometric
nsure that

inor modifications such as sample volume and counting time can be made if needed to €

the decision threshold, detection limit and uncertainties are below the required limits. For ICP-MS methods,
minor modifications to, for example, the sample pre-concentration volume and the interference separation,
can be made if needed to ensure that the limit of detection, the limit of quantification and the uncertainties
are below the required limits. This can be done for several reasons such as emergency situations, lower
national guidance limits and operational requirements.
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Water quality — Thorium 232 —

Part 2:

Test method using ICP-MS

WARNING — Persons using this document should be familiar with normal laboratory practice. It is
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d described in this document coy€xsthe measurement of 232Th in water at activity cong
mBgq:1"1 and 5 Bq:1-1. Samples with higher activity concentrations than 5 Bq:1-1 can be
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d described in this docament is applicable in the event of an emergency situation.
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zation step that)is not covered by this document. In this case, the measurement is m
hases obtained.

er’s responsibility to ensure the validity of this test method for the water samples teste
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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/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

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

© IS0 2024 - All rights reserved
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ISO 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

[SO 17294-1:2024, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —

Part 1: General guidelines

[SO 17294-2:2023, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —

Part 2: Determination of selected elements including uranium isotopes

IS0 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

3 Terms.and definitions

For the puyjposes of this document, the terms and definitions given in ISO/IEC Guide 98-3 and 1ISQ-8000

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

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

0-10 apply.

4 Symbols
C M4ss activity Bg-kg!
C, Spkcific activity corresponding to one gram of the radiéhuclide Bq-g!
Cr Acfivity of the tracer Bq
Crs M3ss activity of the tracer added to a sample Bq-g!
k Coerage factor for uncertainties —
L Limit of detecti(_)n in mass concentration, the lowest mass concentration that can be Cpunts-s1
D copsidered statistically different from a blank sample
L Linnit qf quantifica_tion, thelowest mass concentration that can be quantified with Cpunts-s~1
Q stqtistical uncertainty
m M4gss of the sample kg
m/z Mass-to-chargeratio measured by ICP-MS —
mpy M3ss of andlyte added to a spiked solution g
mys  Mdss.éf the analyte solution added to a control sample or for measurement calculation g
me Massof the caftbration standard tracer sofution added to a sampie g
meg  Mass of the calibration standard solution added to a sample g
mig Mass of the internal standard added to a blank and a sample g
migs  Mass of the internal standard solution added to a blank or a sample g
mry Mass of the tracer solution added to a blank and a sample g
mrg  Mass of the tracer solution added to a reagent blank g
mpg  Mass of the tracer solution added to a blank or a sample g

© IS0 2024 - All rights reserved
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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

N, . Counts:-s
to-charge ratio

i Average number of counts per second of several blank samples measured by ICP-MS at Counts-s-1

0 a given mass-to-charge ratio

Nt Netnumber of counts per second, N - N, Counts-s™1

N,ct;s  Net number of counts per second at the internal standard mass-to-charge ratio Counts-s™1
Ndt number of counts per second in samples where a tracer has been added to assess 1

Neer : €punts-s

ne chemical recovery

Ngp Ndt number of counts per second in the spiked reagent blank Cpunts-s1

Ny Nymber of counts per second at analyte mass to charge ratio present as impurities Cpunts-s~1

Ny Net number of counts per second in the unspiked reagent blank samplée Cpunts-s~1

R, Chiemical recovery following purification measured by ICP-MS —

SNo Standard deviation obtained by measuring of 10 test portions-of the blank sample Cpunts-s~1

U Exjpanded uncertainty and the coverage factor k with k=4, 2, .., U=k - u Bqg-kg1

u(C)  Standard uncertainty of the mass activity result Bq-kg1

u(p) Standard uncertainty associated with the measurement result g-kg1

p M4gss concentration of the analyte g-kg1

Pa M4gss concentration of the analyte in the&'standard solution ggl

P M4gss concentration calibration standard solution ggl
M43ss concentration of the infernal standard element or isotope per unit volume of the o1

Pis internal standard solutior &8

P M4ss concentration ofthe tracer solution g-g1

Py Mdss concentration of the analyte per sample unit volume g1

% Volume of the'sample 1

a Mgasurement bias constant which allows a correction for signal intensity bias be- .
tweén, the tracer and the analyte

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 232Th in water samples(8l.[2],

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

© IS0 2024 - All rights reserved
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Table 1 — Half-life and specific activity of 232Th[10]

Isotope Half-life Specific activity
years Bq-g!
232Th 14,02 (7) 109 4,067 (17)-103

An example of the limit of detection that can be obtained with ICP-MS is given in Table 2, with a typical
measurement time of several minutes per sample, including sample uptake, counting time and washout

before the

next sample.

Table 2 — Example of a limit of detection[81.[2]

Radionucl

Isotope timritofdetection timmitof detection
ug.l—l Bq.l—l
232Th 0,5 2,0x10-3

Table 3 — Interferences affecting ICP-MS measurement

de measurement by ICP-MS is affected by several interferences which are outlined in T@ble 3.

Type of |nterference Description 232Th interference
Ispbaric Stable or radioactive isotopes with a similar magss to the analyte None
Polbatomic Stable or radioactive isotopes combining ingpladsma to form a 231palH, [197Au3>(l,
4 polyatomic ion with a similar mass t¢'the analyte 192pjt40A Y
Stable or radioactive isotopes of one or twe mass units on either
Tailing nterference side of the analyte with a relatively high abundance (>10°) relative 231pg, 233y
to the anatyte
Depending on the potential interferences, 232Th measurément can either be performed directly] or after a
chemical deparation. This also removes elements that can form polyatomic and tailing interfergnces. It is
important|to ensure that all potential interferenéeés have been removed prior to measurement.|There are
limited intlerferences affecting 232Th measuremient by ICP-MS, but polyatomic and tailing interferg¢nces shall
be considdred.
It is impoytant to know the interferenee separation factor achievable by chemical separation ard the ICP-

MS instru
increasing
or instrun

An aliquo

compositipn. High matrix)Samples (such as seawater) can need dilution to a greater extent

measurem
online aer

ment used. This can initially be assessed by measuring the concentration of interf
concentrations to monjtor’the impact at m / z = 232 before and after either chemical
ental separation, or poth.

[ of a water sample can be directly measured by ICP-MS to determine the stab

ent, depending on the sample introduction system of the instrument used; some de
bsol dilution capability that can run high matrix samples such as seawater without prio

If any inte

considere1l to.be valid.

Fferenee has an impact on the 232Th result that cannot be corrected for, then the result

erences at
separation

e element
efore this
bigns offer
ir dilution.

cannot be

Chemical separation can be required to remove interferences and pre-concentrate 232Th prior to
measurement. As described in the ISO 17294 series, a tracer is needed to evaluate the recovery in chemical
separation. The tracer can be mixed with an aliquot of sample, followed by chemical isolation of the analyte.
Potential tracers are 229Th and 230Th, which can be measured using alpha spectrometry or ICP-MS. In case

of a direct

measurement, using a tracer is not necessary.

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.

© IS0 2024 - All rights reserved
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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 [11] to [18]. It is important
that the laboratory receives a sample thatis truly representative and has neither been damaged nor modified
during transportation or storage.

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 of less than 2 using HNO;.

Minimising contamination and losses is of primary concern. Impurities in the reagents and dust on the
laboratory equipment, which is in contact with the samples can be potential sources of stable element

contamind
positive bi

hs or a negative bias in the determination of trace elements by superficial desorption or

7 Chemnpical reagents and apparatus

7.1 Genleral

The chem
described

Use only r
7.2 Che

721 Ul
than 1 pg:

cal reagents and equipment used for chemical treatment and préparation of the s3
in Annex A.

bagents of recognized analytical grade.
mical reagents

[rapure water, with a resistivity of more than 18,2 MQ-cm at 25 °C and total organic
-1

Unless otherwise stated, water refers to ultrapurewater.

tion that increases the background at m / z = 232. The sample containers can lead fo either a

dsorption.

mples are

arbon less

7.2.2 Instrument blank, for example 0,3“mol-1"1 of nitric acid, used to determine the backgrqund count
rate of the|instrument at selected mass to chiarge ratios.

The same feagent is also used to prepare the calibration standards and final samples for measurement.
7.2.3 Thorium 232 standard solution, used to prepare calibration standards to calg¢ulate the
concentration in the sample.

7.2.4 Ingernal standard solution, prepared with a stable element.

7.2.5 Tracer solution, for example 229Th or 230Th, to determine the chemical yield if chemical separation
is carried|outi This is prepared by dilution of a standard that is traceable to national and intlernational
standards

Thorium 229 or 239Th should be added to the test sample at the beginning of the procedure. Depending on
the ICP-MS instrument used, a suitable activity can be 10 Bq-g1 to 50 Bq-g™! (equivalent to 1,4 ng-g™1 to
6,8 ng-g1).

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

7.3 Apparatus

Usual laboratory apparatus and, in particular, the following.

© IS0 2024 - All rights reserved
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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
manufacturer's instruction for laboratory setup and instrument operation.

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

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 w

7.3.5 Batamce, forexampie, capabie of achieving 0,1 mg precistom. .|

8 Sepa

It is the u
of potenti
separation

The separ

(U, Np, Pu
document

9 Qual

9.1 Genleral

Measurement methods shall be performed by suitably-skilled staff under a quality assurance pro

as the one

If an analy
running a

within limlits specified by the laboratony.

A similar
with a pel

laboratory.

9.2 Varli

Special ca
lead to a1
measuremn
require co

ith a total precision within +1 %.

ration

ser’s responsibility to ensure that all potential interferences have beenemoved. Th
bl interferences is limited by the decontamination factor of the method. Suggested
options are outlined in Annex A.

htion method enables the separation of 232Th from other actinideS also measurable
Am). Alternative chemical separation procedures can be used_that are outside the sc
(such as those in References [19], [20], [21], [22], [23], [24],and [25]).

ty control

that is described in ISO/IEC 17025.

rst has not performed this proceduve before, a precision and bias test should be per
duplicate measurement of eithep'a reference or spiked material. Acceptance limits

pvaluation procedure should be performed by the analyst who routinely applies this
riodicity defined by the-laboratory. Acceptance limits should be within limits specif]

ables that can'influence the measurement

‘e shall be'taken in order to limit the influence of parameters that can bias the measur
on-representative result. Failure to take sufficient precautions during the different s
entprocess, such as sampling, transportation and storage, reagents used and sample tr
'fective factors to be applied to the measured results.

e removal
| chemical

by ICP-MS
bpe of this

bram, such

formed by
should be

brocedure,
ied by the

ement and
feps of the
hnsfer, can

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, measurement precision and measurement bias should be
determined for every analysis performed on the instrument.

Before any sample measurement, measure a quality control solution. Ensure that the measured value of
the concentration does not deviate from the expected value (within measurement limits). If the deviation
exceeds the established laboratory measurement limits (e.g. sensitivity, stability and uncertainty), follow
the recommendations of the instrument manufacturer and perform the optimization of parameters again.

© IS0 2024 - All rights reserved
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The instrument sensitivity can be determined from 232Th calibration standards run by ICP-MS prior to the
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.

A known amount of standard, mg, at a known concentration, p., shall be added for each standard, with the
mass of calibration standard, m, calculated using Formula (1):

me = pP¢ Mg

e8]

The uncer
u(me)

A calibrat
calibratior
gives the i

y=D-

where

D
Y

X

E

A linear c
concentrat
accounted
approach.

Equipmen
verify that

Aninternd
a run, usir
the sample

9.4 Met

e 1 1 h ISR | : hml Aok
Ld1IILy Ul IHC LAl DT CdICUIdiCU USIITg UL TITUId [ 4.

2 2
=mc \/urel (pC ) +Ure] (mCS )

on plot can be produced using either the ICP-MS instrument software pr”a spread
standard concentration can be plotted against the counts per second, A linear calib
hstrument sensitivity based on Formula (3):

x+ E

the gradient of the calibration line;
the counts per second for the analyte in the saniple;
the mass concentration of the analyte;

the intercept for the y-axis when x = 0s

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

[ quality control solutiofis shall also be measured at regular intervals during the pr
the measurement €quipment is performing within agreed limits.

| standard shall'be prepared to monitor and correct for any change in instrument respo
g an elemerit'which has a similar mass and ionisation energy to 232Th and that is not
being measured, for example, 209Bi.

hod verification

hlibration line gives values for Di:afd E. If a calibration curve is used to determing
ion of the measurand, the sample matrix effects on the instrument sensitivity are mot always

(2)

sheet. The
ration line

(3)

the mass

bre robust

cedure to

hse during
present in

The method should be validated periodically through replicate measurements oI appropriate sar

as spiked samples, reference materials or participation in inter-comparison exercises.

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

10 Expression of results

10.1 Data analysis

nples such

The output from the instrument is typically in counts per second. Gross count rates for samples are corrected
for background and change in instrument response using the internal standard. A correction for chemical
recovery is also required.
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If dilutions are carried out, apply the appropriate factor to the values of the sample.

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 232Th is removed from the system by the count rate returning to the background level.

Depending on the interfering element concentration, more than one rinsing solution of different

concentra

ions can be required to return the count rate to the background level

Depending
during the

The ICP-M
care that @

10.3 Int€

An internj
signal for
to small v
internal c
transmiss

A known 3
a solution

The mass ¢f the internal standard solution, m;gs, addedds recorded. The mass of the internal stand

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

S instrument software can have built-in background correction capability; The user
nly one background correction is applied.

rnal standard

1l standard shall be added to the samples before measurement; including a blank s4
nternal standard monitors for changes in instrument perfofimance during a run. This
hriations in, for example, plasma gas flow rate, or, for higher matrix samples such ag
bmponents such as interface cones becoming partially blocked during a run, reduci
on.

mount of the internal standard, myg, shall be addéd to the sample and the blank. For thij
pbf known mass concentration of the internal standard, p;, ideally with great precision,

be reached

shall take

mple. The
tan be due
seawater,
Ing sample

S purpose,
is needed.
ard added,

myg, can b¢ calculated using Formula (4):

Mg = Prs " Miss (4)
The uncerfainty on m;g can be calculated using Formula (5):

_ \/ 2 2 5

u(myg ) =myg \Ure) (Prs ) +Ure) (s ) (5)
Some ICP-MS instruments @reequipped with online internal standard lines in the sample introdiiction that
can measuyre a separate soliition containing the internal standard.
The net count rate fercthe internal standard in each sample should be corrected based on the net{count rate

in the first

The ICP-M

backgrotmnd sample, and this correction factor applied to each sample.

S instrument software can have a built-in internal standard correction capability. The

take care

hat'only one internal standard correction is applied

user shall

10.4 Expression of results using 229Th or 230Th as a recovery tracer by ICP-MS

10.4.1 Calculation of activity of tracer and mass of analyte

The sample activity is determined using a tracer, which corrects for losses during the sample preparation.
The tracer solution mass concentration, py, shall be known, ideally with high precision. Certified standards
are usually employed. A defined quantity of the tracer solution is added to each sample and the mass of
solution added, myg, is recorded.
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The mass of tracer solution, m, added to each sample can be calculated using Formula (6):

My =P Mg ©)

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

u(my ) =mp\uZy (pr)+ul (mrg) (7)

To calculate the measurement bias, control or spiked samples are prepared containing a known concentration
of 232Th. A solution of 232Th with a mass concentration known to a high precision, p,, is needed. The mass

of 232Th added, m,, can be calculated using Formula (8):

My =R Mpg 8

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

u(my |=my \/urz'el (Pa)+ube (Mps) 9)

10.4.2 Measurement bias

The measyirement bias is a correction factor that corrects for all thestheasurement deviation bdtween the
tracer and|the analyte. It includes a correction for the mass bias andthe variation of signal intensitly between
the tracer pnd the analyte.

The ICP-MS measurement bias, @, can be determined by méasuring the net number of counts per second
for the anglyte, N ., and for the tracer, N .1, using a solution containing a known mass of analyte, m,, and
tracer, mp.[The measurement bias can be calculated using*Formula (10):

a:(mA'NnetT)/(mT'Nnet) (10)

The uncerfainty on the measurement bias js\determined using Formula (11):

2 2 2 2
u(oc) 3 a\/urel (mA)+urel (mT )+urel (Nnet )+urel (NnetT) (11)

10.4.3 Slmple mass concentration
The sample mass concentration, p, in 232Th is calculated using Formula (12):

p:(a'mT'Nnet)/(m'NnetT) (12)

The uncertainty/on the sample mass concentration is calculated using Formula (13):

I ko] ko } ko ] o} ko
u(p):p\/u;el (mT )+u;el (Nnet )+u1fel (NnetT )+u;el (a)+u1fel (m) (13)

10.5 Expression of results using 229Th or 230Th as a recovery tracer

10.5.1 Calculation of activity of tracer and mass of 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 concentration of the tracer solution, Crg, and the internal standard mass concentration,
pis, shall be known, ideally with great precision. A certified standard is usually employed for 229Th or 230Th.
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A defined mass activity of the tracer solution, Cr, is added to each sample and the mass of the tracer solution
added, m-g, is recorded.

The activity of the tracer, Cp, added to each sample can be calculated using Formula (14):

Cr =Crs -Mrs (14)
Note that the activity of tracer added is calculated at a reference date.
The uncertainty on Cy can be calculated using Formula (15):

2 2

u(Cp)=Cruly (Crs)+uley (mys) (15)
To calculate the measurement bias from the internal standard and prepare control solutions,.a knjown mass
of 232Th, m,, shall be added to the solution. For this purpose, a solution of know mass concentratign of 232Th,
pa, ideally|with great precision, is needed. The mass of the analyte solution added, mj§;is recorded. The
mass of 23§Th, m,, can be calculated using Formula (16):
The uncerfainty on m, can be calculated using Formula (17):

_ \/ 2 2 17

u(mA =mpy urel(pA)+urel(mAS) ( )
10.5.2 Chemical recovery
The 229Th|or 239Th tracer can also be counted by alpha spectrometry. Compared to ICP-MS, tHis method

requires the additional preparation of a thin layer soutce and the use of a second tracer to accounit for 229Th

or 230Th Igss. The chemical recovery, R, is then calcutated by dividing the measured activity by thg expected
activity. The decay of the tracer shall be calculatéd-The chemical recovery is calculated using Forjmula (18):
RC _ (NnetT )i - (NnetT )f (18)
(NnetT )f
where
I igthe initial sample measured prior to separation;
f igthe final sample dfter separation.
The uncertainty onthéchemical recovery is determined using Formula (19):
2 2 2
u(Rc ) :Rc \/urel ((NnetT )[ )+urel ((NnetT )f ) +ure1 ((NnetT )f ) (19)

Additional samples can be measured at different stages of the separation procedure to monitor the yield.

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

10.5.3 Measurement bias

The measurement bias is a correction factor that corrects for all the measurement deviations between the
tracer and the analyte. It includes correction for the mass bias and the variation of signal intensity between
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.
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The measurement bias, «, is first determined by measuring with the ICP-MS instrument the number
of counts per second (cps) obtained for 232Th, N,,, and for the internal standard, N, s using a solution
containing a known mass of 232Th, m,, and internal standard, m;s. The measurement bias is determined

using Formula (20):
ov=(mp -Npeys ) / (Mg - Nyer ) (20)

The uncertainty on the measurement bias is determined using Formula (21):

2 2 2 2
u(oc) =OC\/urel (mA)+urel (mIS )+urel (Nnet )+urel (NnetIS ) (21)

10.5.4 Simple mass concentration of the analyte
The sample mass concentration of the analyte, p, in 232Th is calculated using Formula (22):

p:(a'mIS'Nnet)/(Rc'm'NnetIS) (22)

The uncerfainty on the sample mass concentration of the analyte is calculated using Formula (23):

2 2 2 2 2 2
u(p) 3 p\/urel (mIS )+urel (Nnet )+ure1 (NnetIS )+urel (a)+urel (m)+urel (Rc ) (23)
10.6 Limjit of detection

The limit gf detection, L), corresponds to the equivalent concentration of three times the standard deviation
of the megsurement of 10 test portions of a blank sample:The blank sample shall have passed through all
steps of the method. The limit of detection is calculated using Formula (24):

Lp =Ny +3-Sy, (24)

10.7 Limiit of quantification

The limit ¢f quantification, L, is 10 tintes‘the standard deviation of the measurement of 10 test portions of
the blank §ample. This can be calculated using Formula (25):

Lo =Ny +10-Sy, (25)

NOTE [he calculation<fjthe limit of detection and limit of quantification using atom counting is different to that
using decay counting techniques.

10.8 Cortectingfor 232Th contamination in the tracer

The tracef €an contain 232Th contamination that interferes with the sample measurement if it is not
corrected for—Totorrectforthis, = btank sampte stroutd be prepared contaiming a kKmowtr amourt of tracer,
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mrg, and the counts at m / z = 232 compared between the spiked, Ngp and unspiked, Nyg, blank using

Formula (26):
Nt =Ngp —Nys

(26)

If a chemical separation is performed, the contribution of 232Th from the tracer, Ny varies with the chemical
recovery, R.. The net counts for each sample, N, .1, can be calculated using Formula (27):

Npetr =(N=Ng)—=[Nys +(R. Nt - mp /mg)] (27)
The uncertainty on the tracer counts can be calculated using Formula (28):
2
2 2 2 2 2 2 2
u(Nne T ) = \/(U(N)) + (u(NO )) + (u(NUS )) + |:ure1 (Rc )+ Upe (NT ) T Urel (mT ) T U (mTB )i| (28)
10.9 Conpersion of mass concentration to mass activity
The speciffic activity, C,, of 232Th can be multiplied by the mass concentration, g, ,1imit of detectipn, Lp, and
limit of qupntification, L, to convert from mass concentration to mass activity; €, using Formula (29):
C=p- (29)
The uncertainty of the mass activity is calculated using Formula (30):
deyu? 2.(C 30
U(C)_C urel(p)+urel( s) ( )
The Lj and L, are estimated values and do not requireg@ uncertainty calculation.
10.10 CcTwersion from mass to volume units
A conversion from mass (grams per kilogram) to volume (grams per litre) units can be achieved using the
analyte mpss, p, mass, m, and volume, V; of the sample recorded during the procedure. The conversion is
carried ouf using Formula (31):
m-p
=1 F 31
Py=1 (31)
The uncertainty in this conversion can be calculated using Formula (32):
2 2 2
u(py ) Py NG OP) + e (m) + ey (V) (32)
11 Test report
The test report should conform to ISO/IEC 17025 requirements. The test report shall contain the following
information:
a) areference to this documenti.e. ISO 4722-2:2024;
b) identification of the sample;
¢) the units in which the results are expressed;
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d) the test result can be given according to either method 1 or method 2; the method used shall be clearly

stated

in the report.

— Method 1

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

If

measurement is expressed as SLQ,

(pxk-u(p)orpxU)oras (Cxk-u(C)orC+*U)with the associated k value.

Sy

If
n

itable for the measurement purpose.
ethod 2
ifthe resultisless than the limit of quantification, the result of the measurement is expres

if the result is greater than limit of quantification, the result of the measurement is ex
(pxk-u(p)orpxU)oras(C+k-u(C)orC+U)with the associatéd)k value.

the limit of quantification exceeds the guideline value, it shall be documented that the
t suitable for the measurement purpose.

e) the d:[e used to calculate the sample mass activity;

f) thed

Complemg

g) relevant dates such as the date of sampling, the date of the sample receipt and the date of t}

start,

h) thelin
i) thelin
j)  menti

featur

e of issue of the report.

ntary information can be provided such as:

iwhere these dates are critical to the validity and application of the results;
hit of application;
nit of detection and limit of quarntification;

bn of any relevant deviation: from this document likely to affect the results and ar
es observed.

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

sult of the

if the result is greater than limit of quantification, the result of the measurement is expressed as

the limit of detection exceeds the gnidp]inn value it shall he documented that the method is not

sed as SLQ,

pressed as

method is

le analysis

y unusual
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Annex A
(informative)

Chemical separation of thorium

A.1 Sample preparation

the sampli

Take a test

The sample test portion should be acidified to <pH 2 with hydrochloric acid or nitric acid.

There are

This Anne
HNO; and

A.2 Examples of thorium separation and purification

A2.1 Geg

This proce

A.2.2 Reg

Unless oth
water or w

A.2.21 ¢(

A.2.2.2 (
chloride (}

A.2.2.3 lon-exchangeopextraction chromatographic resin, specific for tetravalent actinidesg.

A2.24

Hydrochloric acid, ¢(HCI) = 9 mol-I-1.

g.

portion of known volume (e.g. 0,5 1). Record the mass if needed.

ceveral possibilities for the chemical separation of thorium. Examples are'given in Clau

x does not cover evaporation of the sample to near-dryness, followed by dilution in
measurement by ICP-MS without chemical separation.

neral

dure is based on References [24] and [25].

agents

erwise stated, use only reagents of recognized analytical grade and distilled or den
ater of equivalent purity:.

oncentrated ammonia, c(NH,O0H) = 250 gI-1.

arrier salt or solution;’calcium phosphate [Ca3(PO,),] or yttrium chloride (YCl;), g
eCls).

A.2.2.5

lllydrochloric acid, ¢(HCI) = 0,1 mol-I-1.

as passible after

be A.2.
0,1 mol-1-1

ineralized

r iron(1II)

A.2.2.6

A.2.2.7

A.2.2.8

Nitric acid, c(HNO3) = 8 molI"1.
Nitric acid, ¢(HNO3) = 6 molI-L.

Nitric acid, ¢(HNO3) = 3 molI"L.

A.2.29 Nitricacid, ¢(HNO3) = 0,1 mol-1-1.

A.2.2.10 Aluminium nitrate solution in nitric acid. Dissolve 1 mol AI(NO3)5 in 11 of 3 mol-1-1 of HNOs.
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