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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-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 acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Cominittee ISO/TC 147, Water quality, Subcompmittee SC 3,
Radigactivity measurements.

This|second edition cancels and replacesthe first edition (ISO 13160:2012), which has been technically
reviged. The main changes comparedto-the previous edition are as follows:

— The way standard the uncertainty, decision threshold and detection limit are calculatied has been
Wipdated in conformance with ISO 11929-1:20109.

Any feedback or question$ on this document should be directed to the user’s national standards body. A
complete listing of theseZbodies can be found at www.iso.org/members.html.
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Introduction

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout
the environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters) can contain
radionuclides of natural, human-made, or both origins.

— Natural radionuclides, including 49K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U, and 210Pb, can be found in water for natural reasons
(e.g. desorption from the soil and washoff by rain water) or can be released from technological
processes involving naturally occurrlng radloactlve materials (e.g. the mining and processing of
minera

lium,
iters.
b the
d for
benic
from
ed in

Human{made radionuclides, such as transuranium elements (americium, plutonium, neptuf

gical
from
vater

tain radionuclides at activity concentrations which'eould present a risk to human hedlth.

b the
nt as
sure

The radionyclides present in liquid effluents are usually controlled before being discharged int
environmenftl2l- Water bodies and drinking waters aresmionitored for their radioactivity conte
recommendgd by the World Health Organization (WHQ)!3] so that proper actions can be taken to er]

that there i
national reg
discharged

for planned,
using meast
ISO 5667-20

Depending
in an actiorn

5 no adverse health effect to the public)Following these international recommendat
ulations usually specify radionuclide. authorized concentration limits for liquid eff
[0 the environment and radionuclide’guidance levels for water bodies and drinking w
existing and emergency exposure’situations. Compliance with these limits can be assg

Irement results with their associated uncertainties as specified by ISO/IEC Guide 98-
[4],

n the exposure situation, there are different limits and guidance levels that would 1
to reduce health @isk. As an example, during a planned or existing situation, the

ions,
luent
aters
ssed

and

esult
WHO

guidelines for guidance levelin'drinking water is 100 Bq-1-1 for 89Sr activity concentration and 10 Bq-1-1

for 99Sr acti

NOTE 1
thatresultsi
avery low ley

Tle guidanee\lével is the activity concentration with an intake of 2 1 d-1 of drinking water for ong
h an effective dose of 0,1 mSv a~! for members of the public. This is an effective dose that repre
rel of fjsk and which is not expected to give rise to any detectable adverse health effects[3]

Uity concentrationl3].

In the even

year
sents

ivity

concentration mlghtnotbe greater than 1 000 Bg- kg 1 for 89Sr or 100 Bq-kg! for 90Sr for 1nfant food
and 1 000 Bq-kg™! for 89Sr or 100 Bq-kg! for 20Sr for food other than infant food.

NOTE2  The Codex guidelines levels (GLs) apply to radionuclides contained in food destined for human
consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e. not to dried or
concentrated food, and are based on an intervention exemption level of 1 mSv in a year for members of the public
(infant and adult)[2].

Thus, the test method can be adapted so that the characteristic limits, decision threshold, detection
limit and uncertainties ensure that the radionuclide activity concentrations test results can be verified
to be below the guidance levels required by a national authority for either planned/existing situations
or for an emergency situationlel[Zl,

vi © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=7e1fe3b891ede60f474af928cb51df80

IS0 13160:2021(E)

Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s) in
either wastewaters before storage or in liquid effluents before discharge to the environment. The test
results will enable the plant/installation operator to verify that, before their discharge, wastewaters/
liquid effluent radioactive activity concentrations do not exceed authorized limits.

The test method described in this document may be used during planned, existing and emergency
exposure situations as well as for wastewaters and liquid effluents with specific modifications that
could increase the overall uncertainty, detection limit, and threshold.

The test method may be used for water samples after proper sampling, sample handling, and test
sample preparation (see the relevant part of the ISO 5667 series [61.[2].[10]),

This| document has been developed to answer the need of test laboratories carrying out these
meagurements, that are sometimes required by national authorities, as they maychave|to obtain a
specific accreditation for radionuclide measurement in drinking water samples.

© 1S0 2021 - All rights reserved vii
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Water quality — Strontium 90 and strontium 89 — Test
methods using liquid scintillation counting or proportional
counting

WARNING — Persons using this document should be familiar with normal laboratory practice.

use. Hs :
determine the appllcablllty of any other restrlctlons

This|document specifies conditions for the determination of 20Sr and-8%Sr activity conc
samples of environmental water using liquid scintillation counting (LSC) or proportional co

The method is applicable to test samples of drinking watex \rainwater, surface and gr
marine water, as well as cooling water, industrial water,.domestic, and industrial waste
proper sampling and handling, and test sample preparationyFiltration of the test sample an
separation are required to separate and purify strontium from a test portion of the sample

The fletection limit depends on the sample volume, the instrument used, the sample cou
background count rate, the detection efficiency@nd the chemical yield. The method desc
document, using currently available LSC counters, has a detection limit of approximately
and 2 mBq 11 for 89Sr and 99Sr, respectively,which is lower than the WHO criteria for safe g
of dif
counting time of 1 000 min for a sample-volume of 2 1.

The

Whe
radid
conc

methods described in this.document are applicable in the event of an emergenc
h fallout occurs following)a nuclear accident, the contribution of 89Sr to the tota
active strontium is not'négligible. This document provides test methods to determing
entration of 29Sr in presence of 89Sr.

The gnalysis of 20Sr.dnd 89Sr adsorbed to suspended matter is not covered by this method.

It is
teste

he user’s responsibility to ensure the validity of this test method selected for the w4
d.

2 Il\lormative references

This document does not purport to address all of the safety problems, 1f any, assoc1ated with its
! bli 3 : and-hea actices and to

ycument be

entration in
unting (PC).

pund water,
rwater after
d a chemical

nt time, the
"ibed in this
10 mBq 11
onsumption

inking water (100 Bq-I"! for 89Sr.and 10 Bq-1-! for 99Sr)[3]. These values can be achieved with a

y situation.
amount of
the activity

ter samples

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements for 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 17025, General requirements for the competence of testing and calibration laboratories

[SO 11929-1, Determination of the characteristic limits (decision threshold, detection limit and limits of
the coverage interval) for measurements of ionizing radiation — Fundamentals and application — Part 1:
Elementary applications

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

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

© IS0 2021 - All rights reserved
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ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11929-1 and ISO 80000-10
apply.

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

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

— IEC Eledtropedia: available at http://www.electropedia.org/
Symbol Definition Upit
A, calibration source activity of radionuclide i, at the time of calibration ]iiq
Cai activity concentration of radionuclide i Bch 11
CZ,i decision threshold of radionuclide i Bci; 11
CKI_ detection limit of radionuclide i Bti; I
3 o & ; lower and upper limits of the probabilistically symmetric coverageinterval of radionuclide i Bci; 11
CZ,i ’CZ,i lower and upper limits of the shortest coverage interval of fadionuclide i Bcﬁ 11
k, quantile of the standardized normal distribution for the probability p (for instance p=1-
a, 1-B or 1-y/2)

R.; chemical yield of the extraction of radionuclide i

o background count rate §1
Foj background count rate for measurement j §1
re gross count rate g1
Igj gross count rate for measurementyj g1
ri net count rate for measurement j g1
r calibration source count rate §1
t time elapsed between separation of 90Sr/90Y (t = 0) and mid-point of counting S
to background countingtime S
ty te start and finish time respectively of the measurement, referred to t =0 S
ty sample counting-time S

t; start time of the measurement j, referred to t = 0 S

ts calibrdtion source counting time §

U expanded uncertainty, calculated by U = ku(c,) with k=1, 2 ... Bq 11
u(cy) standard uncertainty associated with the measurement result Bth 11
4 volume of the test sample 1

a f probability of a false positive and false negative decision, respectively

& counting efficiency for radionuclide i

A decay constant of radionuclide i

4 Principle

4.1 General

The radionuclides ?9Sr, 2°Y and 89Sr are all pure beta-particle emitters. Their beta-emission energies
and half-lives are given in Table 1.

2 © IS0 2021 - All rights reserved
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Table 1 — Half-lives, maximum energies, and average energies of 20Sr, 20Y, and 89Sr [11]

Parameter 90gr 20y 89gr
Maximum energy 546,0 keV 2 283,9 keV 1491,0 keV
Average energy 196,4 keV 935,3 keV 586,3 keV
Half-life 28,80 (7)a 2,6684 (13)d 50,57 (3)d

Strontium-90 can either be measured directly or estimated through the measurement of its decay
progeny 29Y. All the test methods are based on a chemical separation step followed by beta-counting
using proportional counting (PC) or liquid scintillation counting (LSC). See Table 2 which contains

guid’:nrn overmethaod selection

4.2

Stromtium is isolated from the water using precipitation, ion exchange or spégific chro

sepa
extra

The

Chemical separation

Fation by crown ether resinll2l. Yttrium can then be isolated by preeipitation or
ction.

method chosen shall be selective with a high chemical yield. When certain radion

thorjum, lead or bismuth radioisotopes are present at high activity levels, they may in

9OSn
calci
inter]

The

or a
indu
mass
recol

90Y or 89Sr detection. Other matrix constituents, such as othier alkaline earth metals,
im which interferes with strontium separation; or transuranic and lanthanide eler

Fadiochemical separation yield is calculated using a‘carrier such as stable strontium|
radioactive tracer such as 85Sr. Techniques su€h as atomic absorption spectros
ctively coupled plasma-atomic emission spectroscopy (ICP-AES) or inductively cou
spectrometry (ICP-MS) to measure the carrier, and gamma-spectrometry to meas
mmended. A carrier can also be measured by gravimetric methods, but the presenc

elements, notably alkaline earth elements, in‘the leaching solutions can lead to an overestin

radid

Whe
shall

4.3

The

radid
from
chec
time

Six t¢

chemical separation yields, particularly for the measurement of strontium.

h stable strontium is added as a-¢arrier, the original strontium concentration in the
be known to determine the ¢hemical yield.

Detection

fere with yttrium separation, reduce the chemical yield of the various extraction stepy.

atographic

;Iinquid—liquid

iclides such
rerfere with
particularly
nents which

or yttrium,
copy (AAS),

p‘ted plasma-

re 85Sr, are
b of inactive
hation of the

test sample

1se of LSC, which\provides spectra and may allow the detection of interference fro

CONSuming.

unwanted

nuclides, is reeommended in preference to PC, which does not distinguish between emissions
different betazemitters. When PC is used, it is recommended that the purity of the precipitate is
ked by following the change over an appropriate time of the ?°Y or 89Sr activity, even though this is

5 Chemical reagents and equipment

The necessary chemical reagents and equipment for each strontium measurement method are specified

During the analyses, unless otherwise stated, use only reagents of recognized analytical grade and
laboratory water such as distilled or demineralized water or water of equivalent purity as specified in
ISO 3696.

© ISO
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6 Procedure

6.1 Test sample preparation

Strontium-89/90 activity concentration is determined from the water test sample after appropriate
sampling procedures[131(14],

Filtration should be done prior to the addition of the tracer or carrier and sufficient time should be
allowed to attain chemical equilibrium before starting the test sample preparation.

When stable strontium is added as a carrier, the original strontium concentration in the test sample
shall be kndwn in order to determine the chemical yield. In the case of separation based on extraftion
chromatogrpphy, the total strontium content shall be below the sorption capacity of the resin to avoid
saturation df the resin.

6.2 Chemical separation

6.2.1 General

There are spveral approaches to the routine analysis of 89Sr and 20Sr invelving the separatior] and
purification| of strontium or yttrium: precipitation, liquid-liquid extraction or chromatographic
techniques (ion exchange or chromatographic extraction). Annexes A, B, C, D, E and F describe 3 test
method for gach of these techniques.

Table 2 — Determination procedures for strontium depending on its origin

4 © IS0 2021 - All rights reserved
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Origin Old contamination Fresh contamination
90Sr+90Y
Radionuclide 90G 490y
SQSr
Element Sr > Y2 Sr
=
o Method Chromatography® Precipitation Extraction Precipitation Chromatography® Precipitation
=]
1]
i Product 90Sr 90y 90Sr,90Y, 89Sr
v
[77) .
C
arrieror 85Sr or stable Sr Stable Y 85Sr or stable Sr
Tracere
Equilibrium Yes No
No Yes No
90Sr+90Y (recommended)
20d ‘
Number l One i One Two or mofe
)
=
g
90Sr
§ 90Sr
2 Emissions 20y
g 90y 90y
= 89Sy
PCor LSC PGlr LSC PC or LSQ
Equipment
(total) (totahot Cerenkov) (total)
Calibl‘ation 90Sr+90Y 90Sr 90y 90Sr+90Y 90Sr
sources
90y 89Sr 920y
89Sr
a Y separation is performed following the 90Sr+29Y equilibrium in the test sample.
b Liquid chromatography or specific chtomatography using crown ether resin.
c Carrier or tracer element measurements can be taken using gamma-spectrometry for 85Sr (tracer), by grjavimetry,
atomic absorption spectrometry (AAS), inductively coupled plasma (ICP) or mass spectrometry (MS) for Srand Y |(tracer
and/or carrier).

6.2.2

A pr
wate
stroj
limit

The

its use.

Succ

Precipitation techniques

bcipitation step.is)suitable for the separation of most mineral elements, including sfrontium, in
r samples withvhigh mineral salt contents. This technique is very efficient, but not
)tium. The use of large quantities of nitric acid and the need to wait for the 29Y to reach|equilibrium

selective for

hddition of fuming nitric acid leads to a strontium precipitate with other interfering elements.
pssive dissolution-precipitation cycles concentrate strontium in the precipitate, while yttrium

and other elements remain in the supernatant fraction. The most usual procedure Ieads to a SrCO;
precipitate.

For the test method with 90Sr and 29Y in equilibrium, either the total concentration of yttrium and
strontium is directly measured in the precipitate or the yttrium activity is measured after a separation
from the strontium. In this latter case, the chemical yield is estimated by the addition of an yttrium
carrier to the source before the yttrium separation. The final product is an yttrium precipitate, usually
in the form of an oxalate.

In the absence of 89Sr, 20Sr is measured by counting the beta-emission of 20Y or of ?9Y and °0Sr. In the
latter case, the sample can be counted at equilibrium or counted at any time if a mathematical correction
for 90Y ingrowth and °9Sr decay is applied. When 89Sr in the water test sample cannot be neglected, the
direct measurement method of strontium at two different times shall be chosen.

© IS0 2021 - All rights reserved
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Two precipitation methods are described: Annex A employs PC for 89Sr and ?9Sr; Annex B employs LSC
for 89Sr and 20Sr.

6.2.3 Liquid-liquid extraction technique

This technique is based on the extraction of ?°Y in equilibrium with its radioactive parent 20Sr using
an organic solvent. The chemical separation is fast and requires few technical resources. A provisional
result may be achieved after 3 d (approximately one ?0Y decay period). However, total selectivity of the
extraction is not always possible. In the presence of high levels of natural radioactivity, interference

may occur, making it difficult to determine very low levels of strontium activity.

Yttrium-90
re-extractio
and F.

After the so
other interf
rate of the 9

6.2.4 Chr

6.2.4.1 Io

This technid

[s extracted from the water test sample fraction using an organic solvent, and then
n, recovered in the form of an yttrium precipitate. Test methods are presented in Ahne

bring beta-emitters is verified during the decay of ?0Y by measuring thedécrease in ¢
Y and once the decay is complete, comparing it with the background level activity.

pmatographic technique

n exchange resin

ue is based on Sr(II) exchange on a cationic resin and i$used for separation and purific

of strontiunp in large volume samples. A method is presented in*Annex D in which the measurem{

carried out

6.2.4.2 C(y

This techni
crown ethe
amounts of
Annex E in y

6.3 Prep{

6.3.1 Sou

The stronti
When the s
The volume
cocktail use

The calibrat
with the san

with PC.

own ether resin

ue is based on the selective chromategraphic separation of strontium using a sp
- resin. However, this method may have limited application for samples containing
stable Sr and Ca in amounts exceeding the resin sorption capacity. A method is present]
vhich the measurement is carried-out by LSC.

hration of the source for'test

Irce preparation forliquid scintillation counter

um or yttriur )precipitate is dissolved and mixed with a liquid scintillation coc
rontium or_ yftrium is already in solution, it is mixed directly with the liquid scintil
of the amalysed aliquot depends on the equipment (vial size) and the specific scintill
d.

ion,Source shall be prepared from a known activity of tracer (°°Sr, 89Sr, 29Sr + 90Y on

after
xes C

urce preparation, the ?°Y is measured by PC (Annex F) or LSC (Annex C).(The absenlce of

ount

htion
bnt is

beific
high
ed in

ktail.
ator.
htion

90Y)

& etz o Lo 1ol oo 33 o +h 333 oo ool
TCECOTIICTT y alrtr CIICTITIC aT COTITPUSTOIOTT a5 tIire—S0uT CC OO CTIIICasur Ty

The blank source should be prepared following the method chosen starting with a clean test sample

(or water).

6.3.2 Sou

rce preparation for proportional counter

A strontium or yttrium precipitate is deposited on a filter by filtration or on a stainless steel planchet

by direct ev

The filter or

aporation.

planchet size diameter should be similar to the detector size (see Annex A, D and G).

A calibration source shall be prepared from a known amount of tracer (°°Sr, 89Sr, 29Sr + 90Y or 20Y) with

the same ge

ometry and chemical composition as the source to be measured.
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A blank source shall be prepared with the same geometry and chemical composition as the source to be
measured.

6.4

Measurement

6.4.1 General

The same equipment conditions should be used for the sample, the background and the calibration
source measurements.

6.4.2
The

Liquid scintillation counter

scintillation phenomenon results from interactions of ionizing radiations with s

compounds having fluorescent properties (scintillators). The solvents and Iscintillators cd

scint]
test s

The
accol
a hyd

The

Itis
expo
and {

The
entit
char

Whe
|

I
1

Whe
excly
intern

illation cocktail. The scintillation mixture is achieved by adding tlie)scintillation co
ample in order to obtain a homogeneous mixture.

scintillation cocktail is chosen according to the characteristics-of the sample to be a
rding to the properties of the detection equipment (see 1S019361:2017[13]), It is recom
rophilic scintillation cocktail be used, especially for themeasurement of natural wate

rharacteristics of the scintillation cocktail shall allow the mixture to be homogeneous

‘ecommended that the scintillation cocktail is stored in the dark and, particularly jus
sure to direct sunlight or fluorescent light avoided in order to prevent interfering Iy
o comply with the storage conditions specified by the scintillation cocktail supplier.

measurement can be affected by chémiluminescence phenomena or quench due
jes and to the presence of other radionuclides than 29Y. It is then necessary to take into
hcteristics of the water sample.

h assessing the ?0Sr activity.by its measurement with ?0Y in equilibrium, two cases ari

f the presence of 89Sr cah be neglected, the relevant contribution of 20Y in equilibrium

Ibe assessed using LSC;

f the presence of89Sr cannot be neglected, it is necessary to measure the strontium at t
imes, to estimate the 89Sr activity through its decay.

h assessing®0Sr activity by 20Y measurement, if the presence of small amounts of 90§
ded, then"it is preferable to measure the Cerenkov radiation from the 9Y, as there
ferenee from 29Sr.
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waste, and,

depending on the radioactivity, may require disposal as radioactive
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a

Proportional counter

A PC measures directly the beta-radiation, without energy discrimination, from a source usually
prepared as a thin layer deposit.

Dual-window alpha/beta discrimination allows the presence of alpha-emitter contaminants in the
source to be monitored. If other short radioactive half-life beta-emitters are present, they can be
detected by performing successive measurements of the source over time.
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6.4.4 Efficiency calculation

The procedure to calibrate the counters is as follows:

— select ¢,

to collect at least 104 counts;

— determine the beta-count rate of the calibration source (in the same chemical and physical form as

the sam

ples);

— calculate the counting efficiency of the counter by dividing the count rate measured by the activity
of the calibration source given in Formula (1):

I"S =1

E. =
1 AI
6.4.5 Det
The chemic

following pr

a) chemicg
strontiy

0

ermination of the chemical yield

1l yield of the strontium, R, ¢, is calculated from strontium carrier or tracer by one d

ocedures:

c,Sr

1 yield calculated as the ratio of the mass of the collected strontium to the mass g

M

f the

f the

m at the start of the procedure, i.e. the mass of strontium im the test sample plus the mass
of strontium in the added carrier given in Formula (2):

m
op
Rc,Sr =1 (2)
c,Sr
where
m.,, idthe mass of the strontium collected, determined by an appropriate method (gravimetric,
AlA, ICP-AES or ICP-MS);
m s, igthe mass of strontium in the prqCessed aliquot, i.e. the mass of Sr in the test sample plys the

1]

b) chemicd
spectro
Formul{

ass of Sr in the added carrier;

metry, over the activity_éf the 85Sr added as a tracer at the start of the procedurd

h (3):

B5srM

B5sy, T

1 yield calculated as the(ratio of the activity of the 85Sr collected, measured by garhma-

. See

(3)

A85$r,T

is‘the activity of 8°Sr measured by gamma-spectrometry taking into account the 85Sr ¢

ecay

from the start of procedure;

is the activity of 85Sr added at the start of the procedure.

The chemical yield of yttrium, Ry, is calculated from the yttrium carrier by a procedure similar to that
presented for the chemical yield of strontium.
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7 Expression of results
7.1 Determination of 29Sr in equilibrium with 20Y

7.1.1 Calculation of the activity concentration

The activity per unit mass in source samples where the 99Y has been completely separated from the
parent radionuclide ?9Sr cannot be assessed until the decay progeny ?°Y has grown back in and is in
secular equilibrium with the parent nuclide 29Sr. This occurs 20 d after t = 0, where t = 0 is the time at
which all the 20Y had been removed from the sample.

The rtesult of the measurement gives the gross number of counts from the 20Sr plus 9% Dividing the
grosg counts by the counting time gives the gross count rate, r.

This|method is only applicable to test samples known to contain negligible amouuits of 89Sr)low enough
not tp interfere with the 20Sr analysis.

The background count rate, r, is obtained from the measurement of a blank source.

The jctivity concentration of 90Sr, €, 90 is calculated using Formula (4}
, r

4 ony, = E— =,y Jwog @)
r
’ VR, g0y Sr
where
" _ 1
90c. =
ooV Rc,Sr'gSR+Y

For rapid measurements, i.e. in emergency situations, ?°Sr could be measured before reaching secular
equilibrium with 90Y as described in refergnce [16l.

7.1.1 Standard uncertainty

According to ISO/IEC Guide 98-3) the standard uncertainty of €, 90, is calculated using Fofrmula (5):

ry
_ |2 [ 2( ) 2 } 2 2 ( )_ 2 g_’ 2 2 )
Ulc = (w u” (r, )+us (ry) |+c uz . (w, = |w +— Hc u w 5
( A,905r) \/ 9OSr g (O) A,905r rel 9OSr 90Sr tg to A'9OSr re]Sr 90Sr ( )

whete the uncertainties of the sample and background counting times are neglected, and|the relative
stanglard uncertainty of w is calculated using Formula (6):

o~

r2e1 (W‘)OS]r ):ugel (Rc,Sr )+u§el (V)—ngel (SSr+Y ) (6)

where the relative standard uncertainty of &g, is calculated using Formula (7):

5o
t. t
2 —1,2 2 _\s 0 2
Ure] (SSr+Y )_urel (rs o )+urel (ASr )_ 2 +urel (ASr ) (7)
(rs T )
in which
Upe)(Asy ) includes all the uncertainties related to the calibration source, i.e. in the standard solution
and the preparation of the calibration source;
Upel (R s1) is the uncertainty related to the chemical yield and depends on its method of evaluation.
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For the calculation of the characteristic limits according to ISO 11929-1, ﬁ(EA90 ) i.e. the standard
’ Sr

uncertainty of € 905, aSa function of its true value, is required and can be calculated by Formula (8):
r

5 CAQOSr rO 2 2
u(c = |w —try |/t +— |+C u (W ) 8
( A'QOSr) 90, w 0 /g t A.90; rel \ "'90g,. (8)
90, 0
7.1.3 Decision threshold
In accordanee—with1S0-11929-1 for & =0, the decision—threshold—c —is—ebtained—from
A7, A90
Formula (8)} This yields:
A
* = i(0)= 0,0
C —kl_au(O)—kl_O‘w90S + 9)
A0, r\[t,

a=0,05with k; _ , = 1,65 is often chosen by default.

7.1.4 Detpction limit

In accordange with ISO 11929-1, the detection limit, c¢* , is calculated by Formula (10):

9
A OSr
ot
A90 r.
# = ~| | * 2 »~"Sn 0 # 2
€. as0 thypl) € 90 | a0 thyp Wo05. || Sy 0 t9+t e urel(w905r) (10)
S L a0, s 905 0| A%

B =0,05with k; _ B= 1,65 is often chosen by default.

The detectign limit can be calculated by solvingFermula (10) for ¢# , more simply, by iteration|with
A0

a starting approximation c* =2c"
A90 A90
" Sr ST

When taking a = B, then k; _ , = k; _ g5k the solution of Formula (10) is given by Formula (11):

# 2
2t +(Kwoq 41,
C# _ Sr (11)

90 _ 24,2
A7 sr 1=k U (W905r)

7.2 Determination of 2Sr from separated 20Y

7.2.1 Calc¢ulation of the activity concentration

Yttrium-90 is measured immediately after its separation from the test sample when strontium and
yttrium are in equilibrium. The time when the ?9Y is separated from the 90Sr is taken as t = 0.

The result of the measurement is the gross number of counts from the 2°Y, divided by the counting time,

to give the gross count rate, ry.

The gross count rate should be corrected by background count rate, r,, obtained from the measurement
of a blank source.
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The activity concentration of 99Y, Cay 1S calculated at time ¢ = 0, using Formula (12):

r.t_ —ryt
0
CA,Y: £8 g =(r —rO)WY (12)

eyV R, L’Z exp(—/lyt)-dt ¢

where

Ayty 1

" :[e"p("lytd )—exp(—Ayt; )]XSYV R,

and

Rc =R -Rc,Y

c,Sr

The jntegral allows the activity of the decay of °°Y during the counting time tobéxcorrectefl, ty=tr =ty
and the activity per unit of mass of ?9Sr, is calculated using Formula (13):

4o, =Cay = (rg -, )WY (13)

7.2.1 Standard uncertainty

According to ISO/IEC Guide 98-3, the standard uncertainty-of € 905, is calculated by Formula (14):

u(e, oo, )z\/WYZ (u? (ry )+ (1 ))+Ci,905r Uy (Wyd :\/WYZ (g /‘fg +15/t )+Ci,905r ul|(wy) (14)

whetfe the uncertainties of the sample and background counting times are neglected and|the relative
stanglard uncertainty of wy is calculated using Formula (15):

2 (wy )=uly (R )+uZ, (V)+ul, (ey) (15)

o~

The yelative standard uncertainty.of-ey is calculated by Formula (16):

o~

2 (ey)=ul, (r,—rQ3u2, (Ay)="=—"L+u2, (4y) (16)

in which u (Ay)dncludes all the uncertainties related to the calibration source, i.e. in the standard
solutfion and the(preparation of the calibration source; and u,(R_) is the uncertainty related with the
chenjical yield1t can be calculated from Formula (17):

rzel (Rc ):ugel (Rc,Sr )+u?e1 (RC,Y ) (17)

o~

where ufel (RC'Sr ), ufel (RC,Y) are the squared relative uncertainties of the chemical yields of strontium
and yttrium, respectively, and depends on their method of evaluation.
For the calculation of the characteristic limits according to ISO 11929-1, ﬁ(EA 9OSr)' i.e the standard

uncertainty of ¢ as a function of its true value, is required, calculated by Formula (18):

A,%0sr
c
90 I
il — w2 || AT 0 |, g2 2
u(c = |lw +r, |/t +— |+C ut, (wy) (18)
A0 ) Y 0 g 90g,. “rel \7'Y
Sr Wy t A7TSr
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ision threshold

In accordance with ISO 11929-1, for ¢, 4. =0, the decision threshold, ¢’ 4. is obtained from
A,°YSr A,?YSr

Formula (18). This yields Formula (19):

C*
A,90sr

I I
o, o

ky_q u(0)=ky_swy :
g 0

a=0,05with k; _ , = 1,65 is often chosen by default.

7.2.4 Det

In accordan

# i
C =
A,%0sr

B =0,05wit

The detecti

with starting approximations ¢

When takin

#

7.3 Detel

7.3.1 Cald

dpn limit can be calculated by solving Formula (20) for ci 9

C ==
A,%0sr

(19)

pction limit

ce with ISO 11929-1, the detection limit, ci 905 is calculated by Formula (20):
) r

#

C
21| A %sr

- * 1 # = *
Cp 90, +k1—ﬂu(CA,905r ) Cp 90, +k1—[3 wy

r;
0 # 2

+ry /tg +t_ o2 Urel (wy)
0 A, " Sr

h ky _ B= 1,65 is often chosen by default.

o5l or, more simply, by iter

r
# _2.*
A,90sr =2 €a,9%0s; "

g a = fthen ky _ , = ky _ g =k and the solution of Formula (20) is given by Formula (21):

_2-02’90& +(k2-wY)/tg
1-k? 'ulgel (WY)

rmination of 0Sr and 89Sr utilizing 2°Sr/?0Y equilibrium

ulation of the activity concerntration

This method is based on making two.measurements of the same source at two different times ¢t

t, after the
counting tin
calculated f

time of separation of-the’yttrium from the test sample. It is recommended that the
e, to, is used for both-measurements. The net count rates, rj of these measurements c

‘om the gross countrates, Igjs and the background count rates, Fojp @S T} =I'gj = Igj.

(20)

htion

(21)

and
bame
hn be

12
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If the measurements are made when equilibrium between the 29Sr and 9°Y has been reached, then
the net count rates can be calculated using the Formula (22) below, considering that the ?Sr and 89Sr
activities are constant during the counting time, and the appropriate decay constants,

rl =A905r8905r +('68951"A895r exp(_;LBgSrt1 ) [22)
Iy =Ag0g, €905, €89, Agog, eXp<—/189Srt2 )
From Formula (23):
r,-n exp[—ftggsr (t, -t )]
T
> €904, {1—EXP[_1895r (6, -t )]}
(r-r, )exp(+/189Srt1)

Eaogy {1_6Xp[_)“895r (£, )]}
The qctivity concentration, ¢, ; of the radionuclide i is calculated using Formula (24):

il

(23)

1189Sr =

A (24)
dr: =
A,l V R

c,Sr

and Formula (25):

4,905 =Wap (r,—cry) (25)

where
L 1
90 =
VR g X2X€90 ¢ (1-c)
¢ :eXp[_’kar (6=, )}
and Formula (26):

A 895y =W89'(r2 —rl) (26)

o

where

exp(+ﬂ,895rt1 )

Vg9 =
VR €9, (c-1)

g ZeXp{‘ﬂB% (-t )]

7.3.2 Standard uncertainty

—

When the measurements are made in equilibrium conditions and according to ISO/IEC Guide 98-3, the
standard uncertainty of ¢, ; is calculated by Formula (27):

_ 2,2 2,2 2 2
u(cA,%Sr)—\/w90 [u (ry )+ceu (rl)]+cA’9OSrurel(w90)

(27)

— 21,2 2 2 2
u(CA,89Sr)_\/W89 [u (r;)+u (rz)]+cA’895rurel(w89)

assuming that u2(c) = 0.
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u? (rj)z

The relative
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standard uncertainty of r; is calculated by Formula (28):

r Ty
0

-

t,

standard uncertainties of wq, and wgq are calculated by Formula (29):

2 —1,2 2 2
Urel (W90 )_urel (Rc,Sr )+urel (V)+urel (8905r )

2 —12 2 2
Urel (W89 )_urel (Rc,Sr )+urel (V)+urel (889sr )

(28)

(29)

The relative|

2
urel (81' )
where

urel(Ai)

urel[Rc,S
For the calq

uncertainty

Formula (37

u(CA'9OSI

u(CA‘S‘)SI

7.3.3 Dec

In accordan

&y, =0.Thi

*

C
A,%0sr

Stamdard uncertainty of €7 s tatcutated by Formuta 367

I I
=l (r =1 J+uly (4 ):[ti*'ti]/(rs —1p V2 +uZ (4)
S 0

includes all the uncertainties related to the calibration source, i.e;in'the standard sol
and the preparation of the calibration source;

) istheuncertainty related to the chemical yield, and depends on its method of evaluz

ulation of the characteristic limits according to ISQ\11929-1, u(c,,), i.e the stan

of A; as a function of its true value is required*and calculated by Formula (31
):

1 1 L 1+c2 [ Ca00s) Ca,895r LCA 89sr |~

= |2 2 R , . . 2 2

)=\ || (Toa +c?ryy ) PP L -0 w W ' +CA’9OSrurel(W90)
B 0 "g g 90 89 g

2 1 1L 2 S, 905t CA,89Sr\ A8 |
)=, [Who | (To1 +1o2 )| —+— i +C

' 89
£ th (15| wy,  wy J tWeo | ATSE

2
Upes (Wgg )

ision threshold

ce with ISO 11929-1,\the decision thresholds, CZi' are obtained from the Formula (37
b yields Formula‘(33):

- 1 1
Fky_ U=k, Woq \/(roz +c2ryy ){t—+— ]*'

Otg

C(C+1) CA,8951~

(c-1) taWgo

(30)

lition

tion.

dard

and

(31)

(32)

) for

(33)

{1 l\ 2 CA 9N0gr

* 1 ~ 1 L AV
Cc =K;_,U(UJ=K )% U" + I ) —T -+
A,89gr ~ Mo 1o 89\/ 01 "To2 ~
r ty tg tg(l c) Wy,

a=0,05with k; _ , = 1,65 is often chosen by default.
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7.3.4 Detection limit

In accordance with ISO 11929-1, the detection limits, CK ;,are calculated by Formula (34):

B =0{05 with k; _ s = 1,65 is often chosen by default.

The

startling approximations CKI- ZZ'C./*M .

Whep taking a = B, then k; _ , = k; _ 5 = k and the solution of Fermula (34) is given by t
Formulae (35):

8

8.1

The

accordance to ISO 11929-1:

h - N -1 - 4l PR RS | - £ - £l dn 1 - | h R R |
wherew— HLyuyJj], ¥ UTlHIg UIT UISUTTUULIUIT TUTICUIOIT O UIT SUdITUdT UIZTU TTUTITIA UISUTTD

The

# _x S # _
c =c +k, ql(c =
A, 95 A, 905 TT1-f ( A,9OSr)

#
2 C [ c
1.1 L I+c A,%sr  “A,8%s ] A,8%s
=y 905, K1 [Woo® | (o +¢%ro ) - 't( (1_C)) " : ” - | " tr ¢4 o0g, Uret (Wop)
0 tg )ty 90 89 golg '
(34)
# = ~( # )_
CA 89, _CA,S%A +k1—ﬂu CA 895, |
# #
C C
1.1) 2 |Ca%s “a®s | a8
FCy 805 TKip [Wao” | (To1 +oz) 't ool w - ” -+ Cw — e g0 d Piter (Wao)
0o tg )ty 90 89 g%s9 :

gletection limit can be calculated by solving Formula (34) for cﬁi or, more simply, by it

2 2
. _ZCZ,"‘)Sr +k“wy, (1+c )/tg(l—c)

d =
A, 20sr 1_k2“?e1(w90)

Js _ch;,ggSr +kZwgq (1+c)/(c-1)t,

ASSr l_kzurzel (wgg)

Limits of the coverage intervals

Limits of the of the probabilistically symmetric coverage interval

lower, cz,i, and upper cl‘i,i, coverage limits are calculated using Formulae (36)

bration with

he following

(35)

and (37) in

o

Ai =Ca _kpu(CA,i ) p:w(l—g)

‘Z,i:CA,iJrkq”(CA,i) q:1_7

(36)

(37)

Lol o1

value of w can be setto 1, if ¢, ; 2 4u(c, ;). In this case Formula (38):

4>
Cai =Cai ik1—y/2“(CA,i )

y=0,05 with k; _ V2= 1,96 is often chosen by default.

© IS0 2021 - All rights reserved
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8.2 Limits of the shortest coverage interval

As described in detail in ISO 11929-1, the lower limit of the shortest coverage interval, c,<, and the
upper limit of the shortest coverage interval, c,”, are calculated from a primary measurement result,
¢y, of the measurand and the standard uncertainty, u( c,) , associated with c,, either by Formula (39):

s Ca =cAikpu(cA);p:(1+a)(1—y))/2 (39)
or if ¢§ <0 then the result is given by Formula (40)
ca =0; cr=egr+htterya=t—ey (40)
where w=4 [ (y )} @ being the distribution function of the standardized normal distribution;
uly
The relationjs 0<c3 <c; apply and the approximation of Formula (38) is valid.
9 Quality control
Measurement methods shall be selected and associated procedures performed by suitably skilled|staff
under a quality assurance programme and control.
Confidence jn the measurement results is maintained by regular.use of certified reference matgrials
and the participation in suitable programme of interlaboratory comparisons or proficiency testing (e.g.
in compliange with ISO/IEC 17025).
Laboratory [procedures shall ensure that laboratory and*equipment contamination as well as cfross-
sample contamination is avoided.
10 Test report
The test repprt shall conform to ISO/IEC 17025 requirements. It shall contain the following informgtion:
a) the testimethod used, with reference to this document (ISO 13160:2021);
b) identifi¢ation of the sample;
c) units in|which the resultsare expressed;
d) the test|result:
1) when the agtivity concentration, ¢, , is compared with the decision threshold (see ISO 11949-1);
— if theresult is less than the decision threshold, the result of the measurement is expressed as
A
<c g
— if the result is greater than the decision threshold, the result of the measurement is expressed
as ¢, tu, (cA ) or c, U with the associated k value,
2) when the activity concentration, Cp,lis compared with the detection limit;
— if the result is less than the detection limit, the result of the measurement is expressed as Scf\ ,
— if the result is greater than the detection limit, the result of the measurement is expressed as
cpEu,. (cy ) or c, £U with the associated k value.
16 © IS0 2021 - All rights reserved
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Complementary information can be provided such as:

e) the uncertainty can also be expressed as the limits of the probabilistically symmetric coverage

i

nterval ¢} c; and/or the limits of the shortest coverage interval ¢} ¢ ;

f) probabilities a, f and (1 - y);

g) decision threshold and the detection limit;

h) i

f the detection limit exceeds the guideline value, it shall be documented that the method is not

suitable for the measurement purpose;

i) mention of any relevant information likely to affect the results.

NOTH
with
not irf
physi

Occasionally, itis requested by the customer or regulator to compare the primaryinedsufement result

the detection limit, in order to decide whether the physical effect is recognized or not.Such stipulations are
accordance with the ISO 11929 series. They have the consequence that it is decidédytoo frequently that the
cal effect is absent when in fact it is not absent.
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Annex A
(informative)

Determination of 8°Sr and 29Sr by precipitation and proportional

counting

A.1 Pringiple

Strontium i§ precipitated by adding nitric acid. Yttrium and other interfering elements are elimir
by precipitating the hydroxides, followed by precipitation with barium chromate. The final produg
strontium p

The mass of]
detection limit. The procedure presented in the following is given for samples 6£2°1.

The detectid
of 21 and m¢

A.2 Chen

A.2.1 Che

During the
distilled or demineralized water or water of equivalent purity.

A2.1.1

A.2.1.2

A2.1.3

A2.1.4

A2.1.5

A.2.1.6

A.2.1.7

A2.1.8

A.2.1.9

Sty

Ar

Ar

Ar

Fu

Ni

Fecipitate, in the form of SrCO3, which is measured by PC.

the test sample shall take into account the presumed activity of the sample and the de

n limit is approximately 10 mBq -1 and 2 mBq 11 for 89Sr and ?¢Sr, respectively, for voly
pasuring time of 60 000 s.

nical reagents and equipment

mical reagents

analysis, unless otherwise stated, use only“reagents of recognized analytical gradg

rontium carrier solution, 40 mg mi=" Sr(II)
nmonia solution, 250 g1-1.

hmonia solution, 4 mol¥-1.

hmonia solution;0,1 mol 1-1.

ming nitricacid, HNO, >860 g 1-1.

tricacid, HNO3, 4 mol I-1.

1ated
tisa

sired

nmes

and

So

So

So

dium chromate, Na,(CrO,; 1,5 mol ™.
dium carbonate, Na,CO;.

dium carbonate solution, Na,CO;, saturated.

A.2.1.10 Fe(III) carrier solution, 5 mg ml-1 of Fe(III) in the carrier.

A.2.1.11 Ba(lIl) carrier solution, 10 mg ml~1 of Ba(Il) in the carrier.

A.2.1.12 Ammonium acetate solution, CH;COONH,, 5 g -1,

18
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A.2.1.13 Sodium acetate and acetic acid buffer, pH 5,2.

Mix 2,75 mol of sodium acetate and 1 mol of acetic acid and make up to 11 with laboratory water.
A.2.1.14 85Sr solution, for tracer if used for chemical yield determination.

A.2.1.15 Hydrogen peroxide, 60 g1-1.

A.2.2 Equipment

Usual ]ahnrqfnry equipment andin p:\rfi{‘n]:\r the fn]]nvving

A.2.2.1 Filtration equipment.

The diameters of the filters shall correspond to the filtration device and the gepmetry of|the counter
used

A.2.2.2 Cellulose and fiberglass filter.

A.2.2.3 Buchner funnel.

A.2.2.4 Analytical balance, accuracy 0,1 mg.

A.2.2.5 Hotplate, with temperature control and magnetic stirring.
A.2.2.6 pH meter.

A.2.2.7 Atomic absorption spectrometer'.(AAS) or Inductively coupled plasma atomjic emission
spectrometer (ICP-AES) or Inductively coupled plasma mass spectrometer (ICP-MS) jor Gamma-
spectrometer.

A.2.2.8 Proportional counter:
A.2.2.9 Desiccator.

A.2.2.10 Stainless steel test planchet, with a diameter compatible with the geometry of thle counter.
A.2.2.11 Plasticflasks.

A.2.2.12 Vacuum pump.

A.3 Procedure

A.3.1 Introduction

Filter 21 of water sample and add 1,5 ml of strontium carrier if the chemical yield of strontium extraction
is to be determined by AAS, ICP-AES or ICP-MS. Alternatively, spike the sample with known amount of
85Sr tracer solution if the chemical yield is going to be established by gamma-spectrometry.

A.3.2 Separation of alkaline metals

Heat the water sample to near boiling for 30 min with occasional stirring. Add 1 ml of concentrated
ammonia and 20 g of sodium carbonate.

© IS0 2021 - All rights reserved 19


https://standardsiso.com/api/?name=7e1fe3b891ede60f474af928cb51df80

ISO 13160:2021(E)

Allow to cool while stirring, adjust the pH to >9 and leave to stand for 12 h (minimum).

Decant the maximum volume of solution, centrifuge, discard the supernatant then rinse the precipitate

using 0,1 mol I"1 ammonia solution.

Dry the centrifuge tube containing the precipitate in a sand bath or oven.

A.3.3 Sep

aration of calcium

The use of fuming nitric acid (>860 g 1-1) is optimal for the separation of calcium and strontium.

Allow the c

ntrifuge tube containing the precipitate to cool in an ice bath and add 45 ml of fuming

itric

acid while s
Leave for 3(
Centrifuge 3

Add 45 ml o

A.3.4 Sep
Dissolve thé
Add 1 ml of
Add 4 mol I7
Add 1,5 ml ¢
Boil the soly
Leave for 3(
Rinse the pi
Retain the f

Add 1 ml of
settle out.

Heat gently
solution to {

Heat withouy

A.3.5 Yttry

Dissolve the

firring.
min in the ice bath.
nd discard the solution.

f fuming nitric acid to the precipitate and repeat the separation proceduxe€.

pration of barium, radium and lead

precipitate using 10 ml of water.

barium carrier [10 mg ml~1 Ba(I1)].

L ammonia solution to adjust to pH 5,0 to pH 5,5.

fpH 5,2 buffer solution; check the pH to ensure’itiis between pH 5,0 and pH 5,5.
tion and add 0,5 ml of 1,5 mol I-1 sodium chifémate solution.

min to cool in a cold-water bath and filter using a fiberglass filter.

ecipitate twice using 5 ml of 5 g J-Lammonium acetate solution.

Itered solution and discard the precipitate.

concentrated ammonia-and 2 g to 4 g of sodium carbonate and allow the precipitd

and verify that precipitation is total by adding a few drops of saturated sodium carb
he solution. If precipitate appears, add more sodium carbonate.

t boiling for’a few minutes, leave to cool, and centrifuge. Discard the solution.

ium'separation

te to

nate

Add 1 ml of

precipitate using 10 ml of 4 mal 1-1 nitric acid, add 20 ml of water

60 g 1-1 hydrogen peroxide and 0,5 ml of Fe(III) carrier solution (5 mg ml-1).

Heat for 10 min to near boiling.

Adjust the pH using concentrated ammonia (about 15 ml) (optimum pH for the yttrium hydroxide
precipitation is 10 to 10,3, if pH > 10,5, strontium can precipitate).

Allow to cool and filter using a fiberglass filter.

Rinse the precipitate with 20 ml of diluted ammonia solution (a few drops) and retain the solution.

Note the date and time of separation of 20Sr from 90Y as t = 0 or as time elapsed after precipitation of the

yttrium pre

20

sent in the test sample.
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Discard the yttrium precipitate.

A.3.6 Strontium purification and sources preparation to be measured by proportional
counter

Add 2 g to 4 g of sodium carbonate until total precipitation of SrCOs.
Heat and stir for 30 min without boiling.

Leave to cool.

Filterthe ‘Qr'(“(')J obtained using a membrane filter

Note|the date and time of precipitation as t = 0.

A.3.7 Sources preparation to be measured by proportional counter

Mark the back of a planchette with the sample reference number then placg the filter car¢fully on the
upper surface.

Dry the precipitate in an oven for 1 h at 105 °C to constant mass.
After weighing, place the source in the desiccator until the PC measurement.

Do npt carry out the first count of the planchet before 24 h after the preparation to allow raglon progeny
to decay, (between 24 h to 72 h after the separation).

Keep the planchet in the desiccator for 20 d to obtainradioactive equilibrium between ?9Srfand °0Y.
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Annex B
(informative)

Determination of 89Sr and 29Sr by precipitation and liquid
scintillation counting

B.1 Pringiple

The strontiym is precipitated by adding fuming nitric acid. Yttrium and other interfering élements are
eliminated By precipitating the hydroxides followed by precipitation with barium chromate. The|final
product, a sfrontium precipitate in the form of SrCO;, is measured by LSC after being dissolved.

The detectign limit is about 22 m Bq 11 and 12 m Bq I for 89Sr and ?9Sr, respectively, for a volume fof 1 1
and measurjng time of 86 400 s.

B.2 Chemical reagents and equipment

B.2.1 Chemical reagents

During the pnalysis, unless otherwise stated, use only reagénts of recognized analytical grade and
distilled or dlemineralized water or water of equivalent purity.

B.2.1.1 Sr[II) carrier solution, 40 mg ml1,
B.2.1.2 Ammonia solution, 250 g1-1,
B.2.1.3 Ammonia solution, 4 mol 1-1.
B.2.1.4 Fuming nitric acid, HNO4, >860 g -1,
B.2.1.5 Nifricacid, HNO3, 8'mol I-1.

B.2.1.6 Nitric acid, HNO3, 4 mol I-1.

B.2.1.7 Nitric acid, HNO;, 1 mol I-1.

B.2.1.8 Soldium chromate NQL(‘rﬂLV 1.5 mol -1

B.2.1.9 Sodium carbonate, Na,C0O5, 2 mol I-1.

B.2.1.10 Ammonium carbonate, (NH,),CO5.

B.2.1.11 Fe(Ill)carrier solution, 5 mg g-1 of Fe(III) in the carrier.
B.2.1.12 Ba(ll) carrier solution, 10 mg g1 of Ba(ll) in the carrier.

B.2.1.13 Ammonium acetate solution, CH;COONH,, 5 g1-L.
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B.2.1.14 Sodium acetate and acetic acid buffer, pH 5,2.

Mix 2,75 mol of sodium acetate and 1 mol of acetic acid and make up to 11 with water.
B.2.1.15 Hydrogen peroxide, 330 g1-1.
B.2.1.16 Hydrogen peroxide, 60 g1-1.

B.2.1.17 Scintillation solution.

B.2.1.18 %>Sr solution, for tracer, if used for chemical yield determination.

B.2.2 Equipment

Usuadl laboratory equipment and in particular the following.
B.2.2.1 Filtration equipment (the diameters of the filters shall correspond to the filtration device).
B.2.2.2 Cellulose and fiberglass filter.

B.2.2.3 Buchner funnel.

B.2.2.4 Desiccator.

B.2.2.5 Analytical balance, accuracy 0,1 mg.

B.2.2.6 Hotplate, with temperature controland magnetic stirring.
B.2.2.7 pH meter.

B.2.2.8 Atomic absorption spectrometer (AAS) or Inductively coupled plasma atomijic emission
spectrometer (ICP-AES) or Inductively coupled plasma mass spectrometer (ICP-MS)|or gamma-
spectrometer.

B.2.2.9 Liquid scintillation counter.
B.2.2.10 Polyethylene vials.

B.2.2.11, Plastic flasks.

B.2.2:12—Vacuunr pump:

B.3 Procedure

B.3.1 Introduction

Filter 11 of water sample and add 1,5 ml of strontium carrier solution.

B.3.2 Separation of alkaline metals

Heat the water sample to near boiling with occasional stirring, add 1 ml of concentrated ammonia to
adjust the pH to >9 and 20 g of ammonium carbonate.
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Cover with a watch glass and leave to cool while stirring for 1,5 h to 2 h.

Centrifuge or filter using a fiberglass filter.

Discard the

solution.

Dissolve the precipitate using the minimum quantity of 8 mol 11 nitric solution, clean the filter with an
equal volume of water.

B.3.3 Separation of calcium

Reduce the

solution volume to 20 ml, leave to cool and add 50 ml of fuming nitric acid (2,5

| per

millilitre of

solution).

Leave 30 min in a cool bath.

Filter using
Discard the
Dissolve the
Add fuming
Leave for 3(
Filter using

Dissolve thd

h fiberglass filter (use a dried filter).
solution.

precipitate with 5 ml of hot water; if necessary, add 5 ml more.
nitric acid (3 ml per millilitre of solution).

min to cool in a cold-water bath.
q fiberglass filter (use a dried filter). Discard the solution.

precipitate using 30 ml of hot water.

B.3.4 Sepparation of barium, radium and lead

Add 0,5 ml g
Add 4 mol I7
Add 1,5 ml d
Boil the soly
Leave to coq
Rinse the pi
Retain the f

Add 1 ml of
out. Verify t

fbarium carrier.

L ammonia solution until the pH reaches 5,0 to 5,2.

f pH 5,2 buffer solution; check the pH.

tion and add 0,5 ml of sodium chromate solution.

1, filter using a fiberglass filter.

ecipitate twicgsing 5 ml of 5 g "1 ammonium acetate solution.
Itered solution and discard the precipitate.

conceritrated ammonia and 10 g of ammonium carbonate and allow the precipitate to §
hatprecipitation is total by adding a few drops of saturated ammonium carbonate sol

ettle
1ition

to the soluti

ph”lf a precipitate appears, add more ammonium carbonate.

Heat to near boiling for a few minutes. Leave to cool, then filter using a fiberglass filter.

Discard the

supernatant.

Dissolve the precipitate using 10 ml of 4 mol 11 nitric acid and clean the filter using 20 ml of water.

From this point, the procedure should be carried out without interruption, due to the yttrium separation

produced.

B.3.5 Separation of fission products and yttrium

Add 1 ml of 60 g1-1 hydrogen peroxide and 0,5 ml of Fe(III) carrier solution.

Heat for 10 min, avoid boiling.

24
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Adjust the pH to 9 to 10 using concentrated ammonia (about 15 ml) (optimum pH for the yttrium
hydroxide precipitation is 10 to 10,3, if pH > 10,5 strontium can precipitate).

Leave to cool and filter using a fiberglass filter.

Rinse the precipitate with 20 ml of dilute ammonia solution (a few drops).

Note the date and time of separation of 29Sr from 99Y as ¢ = 0, the time elapsed since precipitation of the
yttrium present in the test portion.

Discard yttrium precipitate.

B.3.
Add

Heat
Leay|
Rins
Leay|

B.3.]

b Strontium purification

50 ml of 2 mol -1 sodium carbonate solution until total precipitation of SrCO;.

and stir for 30 min without boiling.

e to cool and filter the SrCO; obtained using the filter pump and a fiberglass filter.
b the beaker and the precipitate using 10 ml of dilute ammonia and-10 ml of water.

e the precipitate to dry with the vacuum pump for at least 10 min.

/ LSC sources preparation

Diss¢lve the SrCO; precipitate in 10 ml of 1 mol 171 nitric acid (final strontium solutio}

solut

Vial |
pre-y

Add {
is thd

ion in a pre-weighed plastic vial and note the mags

A preparation: transfer 10 ml (or the optimized*quantity) of the final strontium solutig
veighed polyethylene vial; note the mass.

he required volume of liquid scintillation cocktail solution and shake for complete disg
b source to be measured.

Labdratories shall use appropriate-LSC cocktails and measurement settings depending orj

samy
Keep

Aftel
optiy
the 11
sour

Keep

les (see ISO 19361:2017[121)
at 4 °C until measuremernt by LSC.

20 days of the yttrium separation, prepare the vial B (second measure), transfer 14
hum volume) of‘the final strontium solution to a 20 ml pre-weighed polyethylene v
hass. Add thgsoptimum volume of scintillation cocktail, weigh, and stir until dissolved
Ce to be megasured.

at 4 °Guntil measurement by LSC.

Typi

). Keep the

ntoa 20 ml

olution; this

the type of

ml (or other

jal and note
. This is the

ralspectra of 89Sr, 20Sr and °0Y are given in Reference [16].
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Annex C
(informative)

Determination of 20Sr from its decay progeny 20Y at equilibrium
by organic extraction and liquid scintillation counting

C.1 Pring

Yttrium is ¢
1,2. After w|
phase using
concentrate

The detectiq

C.2 Chen

C.2.1 Che

During the
distilled or dlemineralized water or water of equivalent purity.

Ciple

xtracted from the sample solution using an organic solvent, HDEHP, with a pH of 1
ashing the organic phase in 0,08 mol 171 HC], the yttrium is re-extracted fyom the or
3 mol I"1 HNOs;. Finally, the yttrium is precipitated as its hydroxide and di$solved in 1
d nitric acid, before being measured by beta-counting using an LSC.

n limit is about 15 Bq 11 for 20Sr, for a volume of 1 1 and measuringtime of 86 400 s.

rical reagents and equipment

mical reagents

analysis, unless otherwise stated, use only reagénts of recognized analytical gradg

nmonia, NH,OH, concentrated, 250 g 1-1.

ric acid, C;HgO,

rdrochloric acid, HCI, concentrated, 350 g1-1.
rdrochloric acid, 0,08 mol T-1.

tric acid, HNO;, coneentrated, 690 g1-1.

tric acid, HNO3, 3 mol I-1.

HDEHP.selution [di-(2-ethylhexyl) hydrogenphosphoric acid], 100 g1-1 in toluene.

,0 to
banic
ml of

and

Toluene, (‘/HU

c2.1.1 Aq
c2.1.2 Cif
C2.1.3 Hy
C2.1.4 Hy
C.2.1.5 Ni
C2.1.6 Ni
c2.1.7
C.2.1.8
c.2.1.9

Yttrium oxide, Y,0,.

C.2.1.10 Y(III) carrier solution, 10 mg ml-1 of Y(III) in the carrier.

C.2.2 Equipment

Usual laboratory equipment and in particular the following.

C.2.2.1 Analytical balance, accuracy 0,1 mg.

C.2.2.2 Hotplate, with temperature control and magnetic stirring.
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C.2.2.3 pH meter.

C.2.2.4 Filtration equipment.

C.2.2.5 Membrane filter, pore size 0,45 pm.

C.2.2.6 Separating funnel, 250 ml.

C.2.2.7 Polyethylene vials.

C.2.2

C3

C.3.]

The {
solut

Conc
Add
Adju
Tran
Add

Shak
yttri

Leav|

.8 Liquid scintillation counter.

Procedure

| Chemical separation of yttrium

racer is added to the sample before the radiochemical separation. lihprinciple, this lea
ion for which the organic separation procedure described in thefollowing applies.

entrate a volume of water sample.

| ml of yttrium carrier and 2 g of citric acid.

5t the pH to 1,0 to 1,2 using 6 mol 1"l ammonia solution.
sfer the sample into a 250 ml separation funnel,

50 ml of the HDEHP solution in toluene.

e for 1 min, note the date and time\of separation as t = 0 or the time from the sepaj
im present in the test sample.

e for 30 min and remove the aqueous phase.

Wash the organic phase fivetimes with 50 ml of 0,08 mol I-1 HCI. Each time shake for 1 nj

2 mi

Extr
for 2

Reps

Add
to ac

h and discard the aqueous phase.

ct the 90Y from the-organic phase using 50 ml of 3 mol 11 HNO; by shaking for 1 min
min. Recover the-aqueous phases.

at the extraetion several times, combine the aqueous phases and add 50 ml of water.

roncentrated ammonia solution until Y(OH); precipitates completely (pH = 9 to 10). B
hieve flocculation of the yttrium hydroxide.

s to a nitric

ation of the

in, leave for

and leaving

bil for 2 min

Lea

e 10 Cool.

C.3.2 Source preparation to be measured

Discard the supernatant and dissolve the residue by adding 1 ml of concentrated nitric acid. Make to a
known volume.

Take

a fraction of known volume from the solution to determine the chemical yield.

A known quantity of test sample and scintillation cocktail is introduced into the counting vial.

After closing, shake the vial thoroughly to homogenize the mixture.

The vial identification shall be written on the vial cap. The storage time depends upon the scintillation
mixture, the stability of the mixture, and the nature of the sample.

© ISO
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Laboratories shall use appropriate LSC cocktails and measurement settings depending on the type of
samples (see 1SO 19361:2017 [13]),

Typical spectra of 89Sr, 90Sr and 20Y are given inl1l,
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Annex D
(informative)

Determination of 29Sr after ionic exchange separation by
proportional counting

D.1 | Principle

Watgr sample with carrier and ethylenediaminetetracetic acid (EDTA) is passed.‘thfough a cationic
exchange resin. At pH 3,8, alkali metals and most alkaline earths are adsorbed on\to the cdtionic resin,
and the Ca-EDTA complex passes through the column. The alkaline earth metals are elutfed from the
cationic resin with sodium chloride and strontium is then precipitated as carbenate at pH §.

The gletection limit is about 5 Bq 171 for ?9Sr, for a volume of 1 1to 6 1 and’aeasuring time ¢f 14 400 s.

D.2 | Chemical reagents and equipment

D.2.1 Chemical reagents

Durihg the analysis, unless otherwise stated, use only reagents of recognized analyticql grade and
distilled or demineralized water or water of equivalént purity.

D.2.1.1 Sodium acetate buffer solution, pH-4,66.

D.2.1.2 Concentrated nitric acid, HNQ3;715,8 mol -1

D.2.1.3 Ammonium hydroxide, NH,OH, 250 g1-1.

D.2.1.4 Disodium ethylenediaminetetraacetate, Na,EDTA-2H,0; 20 g -1,
D.2.1.5 Sodium chleride, 4 mol I-1.

D.2.1.6 Sodiumcarbonate, Na,C0O3, 1,5 mol -1 and 0,1 mol I-1.

D.2.1.7 Prepacked column containing 2mL of cationic exchange resin, e.g. Dowegx 50W-X8,1)
50 meshto 100 mesh.

D.2.1.8 Carrier solution for strontium nitrate Sr(NO3),, 20 mg ml~1in 0,1 mol 11 HNO;.

D.2.2 Equipment

Usual laboratory equipment and in particular the following.

D.2.2.1 Filtration equipment.

The diameters of the filters shall correspond to the filtration device and the geometry of the counter
used.

1) Dowex 50W-X8 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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D.2.2.2 Cellulose filters.

D.2.2.3 Buchner funnel.

D.2.2.4 Analytical balance, precision 0,1 mg.
D.2.2.5 Hotplate, with temperature control.

D.2.2.6 pH meter.

D.2.2.7 Stjrrer.
D.2.2.8 Ilop exchange column.

D.2.2.9 Atpmic absorption spectrometer (AAS) or Inductively coupled plasma atomic emigsion
spectrometer (ICP-AES) or Inductively coupled plasma mass spectrometry (I€P-MS).

D.2.2.10 Prjoportional counter.
D.2.2.11 Desiccator.
D.2.2.12 Oven.

D.2.2.13 Stainless steel test planchet, with a diameter compatible with the geometry of the counter.

D.3 Procedure

D.3.1 Strgntium complexation
Add 40 g Na,EDTA and 60 mg of strontiuta carrier to 11 of water sample.

Add enoughlJammonia solution (D.2(.3] to reach pH 3,8.

Stir the solul[jon for 2 h and lea¥e,overnight.
Filter on a fiberglass filter@nd discard the solid.

Adjust the solution to.between pH 4,4 and pH 4,6 by adding ammonium hydroxide, then add 20 ml of
sodium acetfate buffer.solution. Adjust to pH 4,8.

Load the pr¢packed cationic exchange column at a flow rate of 10 ml min~1.

D.3.2 Strontium extraction
Add 600 ml of 20 g1~ Na,EDTA (pH 5,1) at a flow rate of 20 ml min-1, then add 250 ml water.

Elute the strontium with 400 ml of 4 mol 1-! sodium chloride.

D.3.3 Strontium precipitation

Adjust the eluate to pH 8 with ammonium hydroxide and add 10 ml of 1,5 mol 11 sodium carbonate
Na,(CO3) while stirring for 30 min.

Filter and dry the precipitate in an oven at 50 °C to 60 °C. Note the date and time of the strontium
precipitation.

30 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=7e1fe3b891ede60f474af928cb51df80

IS0 13160:2021(E)

D.3.4 Preparation of sources to be measured
Put the filter with the precipitate on the filtration device and add 25 ml of 15,8 mol 1-1 nitric acid, HNO,.

Dissolve the precipitate with water. Adjust to pH 8 with ammonium hydroxide and precipitate the
strontium with 10 ml of 1,5 mol -1 sodium carbonate Na,(CO5), while stirring for 30 min.

Filter the strontium carbonate in a cellulose filter previously weighed in a planchet. Dry and weigh the
residue for self-absorption correction and recovery calculation. Allow 20 days or longer to establish
equilibrium with 20Y prior to the counting.
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Annex E
(informative)

Determination of 20Sr after separation on a crown ether specific

resin and liquid scintillation counting

E.1 Pring

The strontit
eluted using
initially as 4
activity of ?

The detectiq

E.2 Chen

E.2.1 Che

During the
distilled or dlemineralized water or water of equivalent purity.

Ciple

im is selectively extracted on a specific crown ether column in an HNO; meditimand
0,05 mol 11 HNO;. The separation yield is determined from the stable strentium a
carrier and the strontium measured subsequently by AAS, ICP-AES or ICR=MS. The

Sr is measured by LSC.

n limit is about 50 mBq 171, for 1 1 sample volume and 3 600 s of méasuring time.

rical reagents and equipment

mical reagents

analysis, unless otherwise stated, use only reagénts of recognized analytical gradg

E.2.1.1 Support soaked in crown ether, specific~to the extraction of strontium, e.g. 1,0 m

-butylcyclohexano)-18-crown-6 (crown‘ether) in 1-octanol.

fontium salt (e.g. strontium nitrate, strontium chloride).

carrier solution, if used ferschemical yield determination.

iminium nitrate, AI(NO3);, 0,5 mol I-1, solution in a 3 mol I-1 nitric acid.
tric acid, HNOg,3-mol 1-1.

tric acid; HNO;, 8 mol I-1.

triciacid, HNO;, 0,05 mol I-1.

then
dded
beta-

and

pl 1-1

4,4'(5")-di-(
E2.12 Sy
E2.1.3 Sr
E2.14 Al
E2.1.5 Ni
E2.1.6 Ni
E2.1.7 Ni
E.2.1.8

Scintillation cocktail.

E.2.2 Equipment

Usual laboratory equipment and in particular the following.

E.2.2.1 Analytical balance, accuracy 0,1 mg.

E.2.2.2 Atomic absorption spectrometer (AAS) or Inductively coupled plasma atomic emission
spectrometer (ICP-AES) or Inductively coupled plasma mass spectrometry (ICP-MS).

E.2.2.3 pH meter.
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