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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documend may be the
ent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

For
exp

an explanation on the voluntary nature of standards;. the meaning of ISO specific
essions related to conformity assessment, as well .as 'information about I1SO's adherg

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
URL: www.iso.org/iso/foreword.html.
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Thif document was prepared by Technical Conmmittee ISO/TC 85, Nuclear energy, Subcomnpittee SC 2,
Radiation protection.

Thi

second edition cancels and replaces the first edition (ISO 18589-5:2009), which

technically revised.

Thd

Ali

Any
cony

main change compared to the previous edition are as follows:

standards published-onthe radioactivity measurement in the environment.
5t of all parts in the 150 18589 series can be found on the ISO website.

feedback orquestions on this document should be directed to the user’s national standa
plete listing-6f these bodies can be found at www.iso.org/members.html.

has been

The introduction has been reviewed accordingly to the generic introduction adopfled for the

ds body. A
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Introduction

Everyone is exposed to natural radiation. The natural sources of radiation are cosmic rays and
naturally occurring radioactive substances which exist in the earth and flora and fauna, including the
human body. Human activities involving the use of radiation and radioactive substances add to the
radiation exposure from this natural exposure. Some of those activities, such as the mining and use
of ores containing naturally-occurring radioactive materials (NORM) and the production of energy
by burning coal that contains such substances, simply enhance the exposure from natural radiation
sources. Nuclear power plants and other nuclear installations use radioactive materials and produce
radioactive effluent and waste during operation and decommissioning. The use of radioactive materials
in industry, agriculture and research is expanding around the globe.

All these human activities give rise to radiation exposures that are only a small fraction of the glpbal
average level of natural exposure. The medical use of radiation is the largest and a growing,man-nmade
source of radiation exposure in developed countries. It includes diagnostic radiology)\radiotherppy,
nuclear mgdicine and interventional radiology.

exposure also occurs as a result of occupational activities. It is incurred by workerf in
hedicine and research using radiation or radioactive substances,;as-well as by passengers
luring air travel. The average level of occupational exposures is génerally below the glpbal
el of natural radiation exposure (see Reference [1]).

Radiation

industry, n
and crew (
average ley

As uses of
exposures

radiation increase, so do the potential health risk and the\public's concerns. Thus, all these

are regularly assessed in order to:

— improye the understanding of global levels and temporal trends of public and worker exposure

evalualte the components of exposure so as to provide a'measure of their relative importance;
identif

mostly
results

y emerging issues that may warrant more\attention and study. While doses to workers
directly measured, doses to the publiciare usually assessed by indirect methods using
of radioactivity measurements of wdste, effluent and/or environmental samples.

are
the

To ensure that the data obtained from radieactivity monitoring programs support their intended ude, it

is essentia
agree on a
storing, p1
uncertaint
data are af
internatioy
the produc
comparabi
apply then
during intg

Today, ove

that the stakeholders (for example nuclear site operators, regulatory and local authoriflies)
bpropriate methods and procedures for obtaining representative samples and for handling,
eparing and measuring,the test samples. An assessment of the overall measurenpent
y also needs to be carried out systematically. As reliable, comparable and ‘fit for purppse’
essential requirement for any public health decision based on radioactivity measurements,
al standards ofltested and validated radionuclide test methods are an important tool for
tion of such-neasurement results. The application of standards serves also to guaramtee
ity of the test results over time and between different testing laboratories. Laboratofies
to dem@nstrate their technical competences and to complete proficiency tests successfully
rlaboratory comparisons, two prerequisites for obtaining national accreditation.

r(xyhundred International Standards are available to testing laboratories for measufing

radionucli

€35 I aifferent matrices.

Generic standards help testing laboratories to manage the measurement process by setting out the
general requirements and methods to calibrate equipment and validate techniques. These standards
underpin specific standards which describe the test methods to be performed by staff, for example, for
different types of sample. The specific standards cover test methods for:

— naturally-occurring radionuclides (including 49K, 3H, 14C and those originating from the thorium
and uranium decay series, in particular 226Ra, 228Ra, 234U, 238U and 210Pb) which can be found in
materials from natural sources or can be released from technological processes involving naturally
occurring radioactive materials (e.g. the mining and processing of mineral sands or phosphate
fertilizer production and use);
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— human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium,
and curium), 3H, 14C, 99Sr and gamma-ray emitting radionuclides found in waste, liquid and gaseous
effluent, in environmental matrices (water, air, soil and biota), in food and in animal feed as a result
of authorized releases into the environment, fallout from the explosion in the atmosphere of nuclear
devices and fallout from accidents, such as those that occurred in Chernobyl and Fukushima.

The fraction of the background dose rate to man from environmental radiation, mainly gamma

radiation, is very variable and depends on factors such as the radioactivity of the local rock a

nd soil, the

nature of building materials and the construction of buildings in which people live and work.

A reliable determination of the activity concentration of gamma-ray emitting radionuclides in various

mafrices is necessary to assess the potential human exposure, to verify compliance witl
profection and environmental protection regulations or to provide guidance on reducing h
Gamma-ray emitting radionuclides are also used as tracers in biology, medicine, physics;che
englineering. Accurate measurement of the activities of the radionuclides is also needed foy
secyrity and in connection with the Non-Proliferation Treaty (NPT).

Thi document describes the requirements to quantify the activity of 20Sr,if-s0il samples a
sanjpling, sample handling and test sample preparation in a testing laboratory or in situ.

Thif document is to be used in the context of a quality assurance management system (ISO/I

Thif document is published in several parts for use jointly or separately according to needs. ]
are|complementary and are addressed to those responsible-fop determining the radioactiv|
in spil, bedrocks and ore (NORM or TENORM). The first tw@é parts are general in nature d
setfling up of programmes and sampling techniques, methods of general processing of sam
labgratory (ISO 18589-1), the sampling strategy and the'soil sampling technique, soil samp
and preparation (ISO 18589-2). ISO 18589-3 to 1SQ.18589-5 deal with nuclide-specific te
to quantify the activity concentration of gamma emitters radionuclides (ISO 18589-3 and I
plutonium isotopes (ISO 18589-4) and 2°Sr (ISO 18589-5) of soil samples. ISO 18589-6
non-specific measurements to quantify rapidly gross alpha or gross beta activities and IS
desfribes in situ measurement of gamma-emiitting radionuclides.

The

in sludge, sediment, construction material and products following proper sampling procedu

5 document is one of a set*of International Standards on measurement of radioacti
ironment.

Thi
env

Add
oth

itional parts can be-added to ISO 18589 in the future if the standardization of the meas
er radionuclides becomes necessary.

1 radiation
palth risks.
mistry, and
homeland

fter proper

EC 17025).

hese parts
ity present
bscribe the
ples in the
e handling
bt methods
S50 20042),
deals with
0 18589-7

test methods described in ISO 18589-3 to ISO 18589-6 can also be used to measure the raflionuclides

[e.

ity in the

urement of
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Measurement of radioactivity in the environment — Soil —

Part 5:
Strontium 90 — Test method using proportional counting
or liquid scintillation counting

1

Thi
90y
are
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san
The
of t
lab

The
or 1
fall

In
am
det
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sed

Scope

5 document describes the principles for the measurement of the activity of 20Srin equilil
and 89Sr, pure beta emitting radionuclides, in soil samples. Different chemigal separatig
presented to produce strontium and yttrium sources, the activity of which is determ
bortional counters (PC) or liquid scintillation counters (LSC). 90Sr camnbe obtained fr(
ples when the equilibrium between 29Sr and °9Y is reached or through direct 20Y me
selection of the measuring method depends on the origin of the sontamination, the chal

se methods are used for soil monitoring following discharges, whether past or present
outine, liquid or gaseous. It also covers the monitoring of contamination caused by glo
ut.

ase of recent fallout immediately following a nuclear accident, the contribution of 89Sr
unt of strontium activity will not be negligible: This standard provides the measurement
brmine the activity of 20Sr in presence of 89St.

test methods described in this document can also be used to measure the radionuclide
ment, construction material and.preducts by following proper sampling procedure.

Using samples sizes of 20 g and ¢ounting times of 1 000 min, detection limits of (0,1 to 0,5)

be

SCin
det
cou

2

The
con
und

ichievable for 20Sr using eonventional and commercially available proportional countg
tillation counter when the‘presence of 89Sr can be neglected. If 89Sr is present in the t
pction limits of (1 to2) Bq-kg! can be obtained for both 20Sr and 89Sr using the same s
hting time and propertional counter or liquid scintillation counter as in the previous sity

Normative references

following’documents are referred to in the text in such a way that some or all of th
Stitufes requirements of this document. For dated references, only the edition cited 3
ated'references, the latest edition of the referenced document (including any amendmen

brium with
n methods
ined using
m the test
hsurement.
acteristics

he soil to be analysed, the required accuracy of measurementiand the resources of the available
pratories.

accidental
bal nuclear

o the total
method to

5 in sludge,

Bq-kg1 can
r or liquid
bst sample,
hmple size,
ation.

Pir content
pplies. For
[s) applies.

ISO

11074, Soil quality — Vocabulary

ISO 11929 (all parts), Determination of the characteristic limits (decision threshold, detection limit and
limits of the coverage interval) for measurements of ionizing radiation — Fundamentals and application

ISO 19361, Measurement of radioactivity — Determination of beta emitters activities — Test method using

liqu

id scintillation counting

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

ISO 18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for the selection
of the sampling strategy, sampling and pre-treatment of samples

ISO

80000-10, Quantities and units — Part 10: Atomic and nuclear physics
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ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms and definitions

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11074, ISO 18589-1,
[SO 11929 (all parts) and ISO 80000-10 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresse

12}

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

— IEC Elgctropedia: available at http://www.electropedia.org/

3.2 Symbols
m mass of the test portion, in unit of mass
a; activity per unit of mass, of radionuclide i, in becquerel peranit of mass

reference measurement standard activity of radionuclide, at the calibration time, in
S/ becquerel

A; sample source activity of radionuclide i, at time £20, in becquerel
ty sample counting time, in seconds

to background counting time, in seconds

t, reference measurement standard counting time

rg gross count rate, in per second

o background count rate, in per second

re reference measurement standard count rate, in per second

R, chemical yield fthe extraction of radionuclide i

& counting efficiency of radionuclide i

A decayzeonstant of radionuclide i

tyts start and stop time respectively of the measurement, referred to ¢t = 0, in seconds
rgj gross count rate, for measurement j, in per second

roj background count rate, for measurement j, in per second

rj net count rate, for measurement j, in per second

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

u(X) standard uncertainty associated with X

U expanded uncertainty, calculated by U=k-u(X) withk=1, 2, ...

2 © IS0 2019 - All rights reserved
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decision threshold of radionuclide i, in becquerel per unit of mass

detection limit of radionuclide i, in becquerel per unit of mass

unit of mass

Principle

lower and upper limits of the confidence interval, of radionuclide i, in becquerel per

4.1

Fro
rad

895,
pro
the

In a
solu
and|

A st

4.2

Fol
us

can

—-

The
be s
are
intd
can
eler

General

m a detection perspective, it can be consider that 20Sr, 29Y and 8°Sr are puré be
onuclides. Their beta emission energies and half-lives are given in Table 1[2I[3],

Table 1 — Beta emission average energies and half-lives of °S5.29Y and 8°Sr

ta emitter

90gy 90y 895y

Beta energy, keV 196 926,7 584,6

Half-life 28,8y 2,67d 50,6d

and ?0Sr can be directly measured. ?°Sr can be estimated¢hrough the measurement of if
duct ?9Y. All the measurements are based on a chemical Separation step followed by beta
element using a PC or using a LSC (See Table 2).

previous step, strontium will be desorbed from the5oil test portion by acid treatment an
tion in the leachate fraction. The tracer or carrier is added at the start of this step of the

rontium desorption method for soil samples is specified in Clause 6.

Chemical separation

wing the desorption step ofithe soil test portion, strontium shall be isolated from the s
g precipitation or specific\chromatographic resin separation such as crown ether res
be isolated by precipitdtion or liquid-liquid extraction.

s daughter
Counting of

d will be in
procedure,

time allowed, usually up to one day, to obtain;equilibrium before starting the strontium ¢lesorption.

bil solution
n. Yttrium

separation step should maximise the extraction of the pure element. The method cl
elective with a high radiochemical separation yield. As thorium, lead, and bismuth ragq

rfere with29Sr or 20Y or 89Sr emissions during the detection step. Other matrix constit
interferé,such as alkaline earth elements, calcium for strontium, or transuranic and
nents foryttrium, shall also be removed as they reduce the chemical yield of the extracti

Thd

trac

radlochemlcal separatlon yield 1s calculated usmg a carrier such as stable Sr or Y ora

present in seil at high activity levels they shall be removed from the sample becausg¢

losen shall
lioisotopes

they may
ents which
lanthanide
DI,

adioactive
emission

spectroscopy (ICP AES) or mass spectrometry (ICP- MS) to measure the carrier, and gamma
spectrometry to measure 85Sr, are recommended. A carrier can also be measured by gravimetric
methods, but the presence of inactive elements, essentially alkaline earth elements, in the leaching
solutions can lead to an overestimation of the radiochemical separation yields, particularly for the
measurement of Sr.

When stable strontium is added as a carrier, its original concentration shall be known in the test sample
before the addition of the carrier to avoid the overestimation of the radiochemical separation yield.

There are three usual techniques for the chemical separation: precipitation liquid-liquid extraction and
chromatography extraction using selective crown-ether resinl4l(21[6], Clauses 7, 8 and 9 give a procedure
for each of these techniques.

©IS
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4.3 Detection

4.3.1 Ge

neral

The use of a LSC is recommended, depending on the compatibility between the LSC solvent and
the sample, because it can provide energy spectra and discriminate interference from unwanted
radionuclides. LSC can also be used, with water as the solvent, to count Cerenkov photons. However,
LSC is subject to optical and chemical quenching. A PC, on the other hand, does not distinguish between
emissions from different beta emitters, but can exclude alpha contamination and is not subject to the
Cerenkov effect or sample quenching. When a PC is used, it is recommended that the purity of the

precipitat
though thi

4.3.2 So

The test p
medium (s
scintillatio
photons ay
properly c
taken into

The Sr or

The refere
90Sr+90Y o
Methods t}

The blank
90Sr (or dir

4.3.3 So

The propo
layer depo

The Sr or
evaporatio

The filter
diameter a

The refere
90Sr+90Y o]

- . - . Q07 Q0o e
tsthecked by fohtowing the change overamappropriate timre of the Y or>>Sractivity;
b method is time consuming.

irce preparation for liquid scintillation counter

brtion is mixed with the scintillation cocktail in a counting vial to obtaitita homogene
Cintillation source). Beta particles emitted from the test portion transfefitheir energy to
h cocktail molecules, causing them to become excited. Upon returning to the ground st

hccount.

hce measurement standard shall be prepared from“a known amount of tracer (°Sr, §
- 90Y) with the same geometry and chemical ¢gmposition as the source to be measu
at allow the calibration with different radionutlide are also available.

bource should be prepared following the method chosen starting with a test portion with
ectly with distilled water).

irce preparation for proportighal counter

rtional counter measures directly the beta emission from the source prepared from a
it to minimize the self-absorption effects.

Y precipitate is deposited on a filter by filtration or on a stainless steel dish by di
.

r dish size diameter should be determined by the counter requirements, i.e. the dete
Ind source holder dimensions.

hce measturement standard shall be prepared from a known amount of tracer (°Sr, §
90y)'\with the same geometry and chemical composition as the source to be measured.

“““““““““““““““““““

e emitted, which can then be detected by photoelectron multiplier-tubes (phototubes).
irry out measurements by using a LSC, recommendations contained in ISO 19361 shalll be

ven

ous
the
ate,
To

Y precipitate is dissolved and mixed with the scintillatien cocktail. The solution volfime
depends o1 the equipment (vial size) and the specific scintillation:cocktail used.

9Sr,
red.

out

hin

rect

The blank

a—claga Bartiad
I aCrear tCSTpoTTIoT

directly distilled water).

4.3.4 Background determination

Measure the background using a blank source prepared for the method chosen.

© ISO 2019 - All rights reserved
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Origin. 0Old Fallout Fresh Fallout
; 905490
Radionucl. 205490y Sr+90Y
Contents 89Gy
Element Sr > y? Sr
: A odl - | Ll ] s bl | . ol in? 2 e D 3 2 2
i VICTITOT CHTOMatograpity - |1 T eeIpItatof Xt aCtroTT [ T TeCIPIeatton [CToMatoglapity TT 1p1tat10n
Product 90Sr 920y 90Sr+89Sr
g
Carrier or
a 85Sr or Stable Sr Stable Y 8351 or Stable $r
Tracer
b Yes Yes
Equilibrium
o 1520days | 4 No 15-20 days No
(recommended) NIO (recommended)
L. | Number l One l One Two or more
]
3 90
B %05y Sr
5 Emissions s0y o0y 20y
E 898r
£ Eeutoment PC or LSC PC or LSC (total or PC or LSC
wp (total) Cerenkov) (total)
90Sr
205 90G 490y
Cal. Sources 90Sr+920Y 20y o0y
90y 895
8IS
al Y separation will be performed €alewing the ?0Sr -90Y equilibrium in the test sample.
bl Specific chromatography using erown ether resin.
¢| Specific chromatography-using crown ether resin.
A carrier or tracer measurements are done using gamma spectrometry for 85Sr and gravimetry, atomic absorpjtion (AAS)
of mass spectrometry((MS) for Sr and Y.
5 |Chemical reagents and equipment
Thegnecessary chemical reagents and equipment for each strontium measurement method aie specified
in dlauses 7, 8 and 9

All the chemical reagents needed to carry out this procedure shall be analytical grade.

6 Procedure of strontium desorption

6.1

Principles

The Sr contents in the test portion of soil can be extracted by an acid leach cycle (nitric acid, hydrochloric

acid, acid mixture).

The tracer or carrier is added at the start of this step of the procedure, and time allowed, usually up to
one day, to obtain equilibrium before starting the strontium desorption.

© IS0 2019 - All rights reserved
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If stable strontium is added as a carrier, the original concentration of Sr shall be determined in the test
sample in this step of the procedure before the addition of the carrier.

6.2 Technical resources

6.2.1 Eq

uipment

The equipment to be used is as follows:

a) analytical balance of an accuracy of 0,1 mg;
b) hot pldte;

c) centrifluge and tubes;

d) furnace.

6.2.2 Chemical reagents

The reager]ts required are as follows:

a) Sr2+ carrier, 85Sr tracer or Y metal carrier;

b) nitric 4cid, solution, c(HNO3) = 8 mol/;

c) hydrogen peroxide, w(H,0,) = 30 %;

d) sodium nitrite (NaNO,).

6.3 Progedure

The procedure described below is based on a cyclesof acid leaching and dry evaporation:

a) weigh[between 0,1 g and 50 g of the test sample prepared in compliance with ISO 18589-1
[SO 18589-2. The mass of the test portion shall depend on the assumed activity of the sample,
desirefl detection limit and the method chosen. It is advisable to ash the sample (i.e. 500 °C for
to desfroy organics before the HNO; leaching;

b) graduglly add 10 ml per gram of sample of 8 mol/1 HNO5;

c) add the tracer or carriér-gnd stir to homogenize;

d) digestjon a hot platefor at least 8 h with sporadic additions of H,0,;

e) transfe¢r the sample to a centrifuge tube and centrifuge it. The supernatant is stored;

It is possib

e.once cooled to filter using a fibreglass filter instead of centrifuge.

and
the
P h)

rinse t
togeth

f)

g)

er with that stored in step e). Repeat the process until the supernatant is clear;

evaporate the supernatant to dryness;

h) add 50 ml of 8 mol/l HNOg;

i)

add 0,6 g of NaNO, and heat to remove the nitrous fumes and leave to cool.

Sample is ready to undergo a radiochemical separation.

e beaker with 8 mol/I HNO;, add to the same tube, stir and centrifuge. Pour the supernatant

The dissolution can also be carried out using a microwave mineralization apparatus. Operating
conditions for each system should be adjusted to the type of apparatus used and the nature of the soil
to be mineralised.
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7 Chemical separation procedure by precipitation

7.1 Principles

The precipitation technique is suited to separate all mineral elements, including strontium, in soil
samples with high mineral salt contents. This technique is very efficient but not selective for strontium.
The use of large quantities of nitric acid and the need to wait for the yttrium to reach equilibrium limit
its use. In this document, the most usual procedures lead to a SrCO; precipitate are presented. See
References [4][5][6].

The S-preciprtateabyaadang c—acter: o anaote e g errts—atre—e

prefipitating the hydroxides followed by precipitation with barium chromate. The final-product is a
strgntium precipitate, in the form of SrCO;, can be measured by proportional counfing gr by liquid
scifjtillation counting after being dissolved. Another possibility is when the yttrium has reached
equiilibrium to separate it from the strontium by precipitation in the form of exalate with a view to
megsurement by PC or LSC.

For|the measurement procedure with 29Sr and 29Y at equilibrium, either.the global contfribution of
yttium and strontium is directly measured in the precipitate or the ytfrium activity can b¢ measured
aftdr a last separation from the strontium. In this latter case, the chiémical yield is estimgted by the
addjition of a yttrium carrier to the source before the yttrium separation. The final productisjan yttrium
pretipitate, usually under the form of an oxalate precipitate.

In absence of 89Sr, 20Sr is measured by counting the beta emi$sion of ?°Y or of 2°Y and ?9Sr in efjuilibrium.

When the presence of 89Sr in the test portion cannét”be neglected, this technique giying direct
megsurement of strontium at two or more different.titfies shall be chosen.

Theg mass of the test portion shall take into account'the presumed activity of the sample and the desired
det¢ction limit. The procedure presented below:is given for solid samples from 1 g to 50 g.

7.2] Technical resources

7.2{1 Equipment

Thd equipment to be used is.as follows:

a) [standard laboratory equipment;

b) |analytical balaree of an accuracy of 0,1 mg;
c) |oven;

d) [furnace;

e) |hotplate with temperature control and magnetic stirring;

f) pH meter;
g) centrifuge and tubes;

h) atomic absorption spectrosmeter (AAS) or atomic emission spectroscope (ICP-AES or ICP-MS) or
mass spectrometer (ICP-MS) or gamma spectrometer;

i) proportional or liquid scintillator counter;

j) filtration apparatus for fibreglass or cellulose filters with diameters of 5,5 cm and 2,8 cm (the
diameters of the filters are for information; they shall correspond to the filtration device and the
geometry of the counter used);

k) cellulose and fibreglass filter;
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p)

7.2.2 Chgmical reagents

The reager]ts to be used are as follows:

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
N
m)

n)

7.3 Prog¢edure

7.3.1 Separation-of alkaline metals and calcium

This phasecofisists of the following steps:

a)

b)

‘)
d)
e)
f)

Biichner funnel;
infrared lamps;
desiccator;

stainless steel test dish with a diameter compatible with the geometry of the counter or
polyethylene vials;

plastic flasks.

demingralised water;

ammohia concentrated, w(NH,OH) = 25 %;

nitric gcid, concentrated, w(HNO3) = 65 %;

nitric 4cid, solution, c(HNO3) = 8 mol/];

nitric gcid, solution, c((HNO;) = 2,5 mol/l;

sodium or potassium chromate, solution, c¢(Na,CrO, or K,CrO,)< 1 mol/l;
sodium carbonate (Na,CO53);

Fe3* cdrrier solution (20 mg/ml), w(FeCl;) = 30%;

barium acetate solution (Ba(C,H30,),);

hydroghloric acid concentrated, w(HCI) = 37 %;

oxalic pcid, saturated solution (H,C,0 42,0 = 140 g/1);

scintillation cocktail, compatible with nitric acid;

yttrium carrier solution (20 mg/ml in 0,1 mol/1 HNO3) (only in case of Y separation);

methahol or ethanol.

evaporate the nitric solution obtained after the test portion preparation until a volume between
50 ml to 100 ml is obtained or until the salts appear;

add 200 ml of concentrated HNO5; evaporate until 100 ml or salt appears. Cover with a watch glass
and leave to cool;

add 50 ml of concentrated HNOg;
stir for 30 min;
filter the Sr(NO3), obtained using the filter pump and fibreglass filter;

leave the precipitate to dry. Clean with concentrated HNO5. Throw away the filtrate;
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g) dissolve the precipitate in hot demineralised water. Clean the filter to obtain 50 ml of solution.

7.3.

2 Separation of barium, radium and lead

This phase consists of the following steps:

a)
b)

‘)
d)

e)
7.3
Thi

7.3

7.3
Thi

d)
e)

adjust the pH to 4 to 6 with concentrated ammonia;
add 4 ml of barium acetate and heat;

add 1 ml of 1 mol/I sodium or potassium chromate and stir;

leave to cool, filter using a filter pump and fibreglass filter or Blichner funnel;

clean the filter with demineralised water. Throw away the filter with the precipitate.

3 Separation of fission products and yttrium

5 phase consists of the following steps:

transfer the filtrate to a 250 ml glass beaker, add 1 ml of Fe3* cartier solution;
adjust the pH to 9 using ammonia;

Heat for 10 min, avoid boiling;

leave to cool and filter using a fibreglass filter;

clean the filter with 10 ml of demineralised waters Throw away the filter with the precip
yttrium present in the test portion.

4  Strontium purification

4.1 General

5 phase consists of the fellowing steps:

30 min;

precipitat&with 0,1 mol/l sodium carbonate solution and after with demineralised wate

throw away the filtrate, leave the precipitate to dry with the vacuum pump from the fi
turning on for at least 10 min;

itate;

note the date and time of precipitation ofZSr(NO3), as t = 0 or time from the separation of the

adjust the pH to 8-Using ammonia, add 20 ml of sodium carbonate in saturated solutipn. Stir for

filter the SpCO4 obtained using the filter pump and a fibreglass filter. Rinse the bealjer and the

r;

ter system

turn off the vacuum pump and add slowly through the precipitated 100 m1 of concentrated HNO5;

turn on the vacuum pump and leave the precipitate to dry;

f) dissolve the precipitate with water and transfer the solution into a glass beaker. The use of hot

g)
h)

i)

water is available;
adjust the pH to 8 to 9 using ammonia. Heat for a few minutes, avoid boiling;

add 10 ml of sodium carbonate in saturated solution. Stir for 30 min;

filter the SrCO5 obtained using the filter pump and a pre-weighed fibreglass or cellulose filter. Rinse
the beaker and the precipitate with 1 % ammonia dissolution and after with demineralised water

or methanol.
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7.3.4.2 Source preparation to be measured by PC

a) put the filter with the SrCO5 precipitate directly into a pre-weighed test dish, this is the source to
be measured;

b) leave the source to dry in an oven until a constant mass, leave to cool in a dryer system;

c) after weighing put the source in the drying system until measured.

7.3.4.3 Source preparation to be measured by LSC

a) dissolfe the SrCO; precipitate in a maximum volume of 35 mlI of 2,5 mol/I nitric acid. Put
solutidn in a pre-weighed flask and note the mass;

b) transfér 14 ml of this dissolution to a 20 ml pre-weighed polyethylene vial, note the mass;
c) add 6 ml of scintillation cocktail and stir until dissolved; this is the source to be méasured;

d) keep af (15 £ 2) °C until measurement.

7.3.5 Yt{rium extraction

7.3.5.1

a) dissolye the SrCO; precipitate in a maximum volume of 35.ml of 2,5 mol/I nitric acid. Put
solutign in a pre-weighed plastic flask and note the mass;

b) add the yttrium carrier;
c) store fpr two weeks in order to reach more than 95% equilibrium of 20Y;

d) pour the solution at equilibrium into a centriftge tube. Adjust the pH to 8 using ammonia. Hez
the wdter bath to 90 °C. Cold centrifuge to séparate the precipitate;

e) collect

f) note the date and time of the separation of the strontium;
g) dissolye the yttrium precipitdte in 5 drops of hydrochloric acid and 30 ml of demineralised wat]

h) add whilst stirring 5~ of oxalic acid in saturated solution and adjust the pH to 2 to 2,5 u
ammohia. Heat in the'water bath to 90 °C then leave to cool for 15 min;

i) filter the yttriumm)oxalate precipitate through the pre-weighed fibreglass filter. Rinse the centrif
tube wjith demiheralised water.

7.3.5.2

(eneral

the

the

tin

the supernatant in a beaker. It _contains the Sr carrier or tracer, which will be used to
determine the extraction yield of the strontium;

bing

uge

Source preparation to be measuredbyPC 00|

a) put the filter with the yttrium oxalate precipitate directly into a pre-weighed test dish, this is the
source to be measured;

b) leave the source to dry in an oven until constant mass, leave to cool in a dryer system;

c) after weighing put the source in the dryer system until measured.

7.3.5.3

Source preparation to be measured by LSC

a) dissolve the yttrium oxalate precipitate in a maximum volume of 35 ml of 2,5 mol/1 nitric acid. Put
the solution in a pre-weighed plastic flask and note the mass;

b) transfer 14 ml of this dissolution to a 20 ml pre-weighed polyethylene vial and note the mass;

10
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c) add 6 ml of scintillation cocktail and stir until dissolution; this is the source to be measured;

d) keep to (15 * 2) °C until measured.

7.3.6 Determination of the chemical yields

a) The chemical yield of the yttrium (R, y) is calculated by the ratio of the mass of the collected oxalate
precipitate over the mass of the equivalent yttrium oxalate added as a carrier in the middle of the

procedure, see Formula (1):

Ry=—2> )
oY
mo,Y

whére

m, , is the mass of the oxalate precipitate collected;

m,y is the mass of the oxalate calculated from the quantity of yttriuncarrier added.

b) |The chemical yield of the strontium (R, g,) is calculated from strémpium carrier or tracqr by one of
the following procedures, see Formula (2) or Formula (3):

1) chemical yield calculated as the ratio of the mass of/the collected carbonate precipitate over
the mass of the equivalent strontium carbonate added ds a carrier at the start of the procedure:

m
Gp
Resr = (2)
mc,Sr
where
m,  isthe mass of the carbonate precipitate collected;
mgs,. is the mass of the carbopate calculated from the quantity of strontium carrier added.

2) chemical yield calculated as the ratio of the activity of the collected carbonate precipitate,
measured by y spectrometry, over the known activity of the 85Sr added as a tracer fit the start
of the procedure:

_ ASr85,m
ST
o ASr85,t

whére

3

Acdoc ., is the activity of 85Sr measured by gamma spectrometry:

Aggs. isthe known activity of 8°Sr added at the start of the procedure.

8 Chemical separation procedure by liquid-liquid extraction

8.1 Principle

This technique is based on the extraction using an organic solvent of 20Y at equilibrium with its
radioactive parent 20Sr. The chemical separation is fast and requires few technical resources. A
provisional result may be achieved after three days (approximately one yttrium 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 activity:.
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This method is well suited to emergency situations and generally to all samples with low 8 emitting
radionuclide contents. One of the most general methods is presented here. In it yttrium is extracted
from the sample solution using an organic solvent of HDEHP (di-(2-ethylhexyl)phosphoric acid), with a
pH of 1,4. After washing the organic phase in 1 mol/1 HCl and re-extracting the yttrium from the same
phase using 9 mol/1 HCI, the solution is again purified using a TOM solution (trioctyl methyl ammonium
chloride in toluene). Finally, the yttrium is precipitated in oxalate form, and calcinated in an oven at
900 °C, before being measured by £ counting using a proportional counter or a liquid scintillation
counter.

The absence of other interfering 8 emitters is verified during the decay of ?°Y by measuring the decrease

in countra

e of the 90Y and once the decay is complete, comparing it with the background level acti

/ity.

The carrig
mineralisa

The mass d
detection |

8.2 Technical resources

8.2.1 Equipment

The equiprhent to be used is as follows:

a) scalesfo an accuracy of 0,1 mg;

b) muffle/furnace with programmable temperature contrgl

c) hot plgte with temperature controls;

d) refrigdrated centrifuge;

e) pH metger;

f) filtration apparatus for ashless filter paper;

g) gas flol[ir proportional counter orliquid scintillation counter;

h) 0,45 pm membrane filter orashless filter paper with an average porosity of 0,45 pm;

i) 250 m] separating funnel;

j) stainldss steel testdish with edges with a diameter compatible with the geometry of the countg
polyethylene vials;

k) 250 m] centriftige pot;

1) silica drieible.

r used is inactive yttrium in metal powder form. It is added to the sample during

fion phase at a ratio of between 5 mg and 10 mg per gram of test sample.

f the test portion shall take into account the presumed activity of the sample and the des

mit. The procedure described below applies to 5 g to 10 g solid samples.

the

red

I' Or

8.2.2 Chemical reagents

The reagents used are as follows:

a)
b)
‘)
d)

12

demineralised water;

hydrochloric acid, solution, ¢(HCI) = 9 mol/];

hydrochloric acid, solution, ¢(HCI) = 1 mol/];

heptane;
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e) HDEHP solution (di-(2-ethylhexyl)phosphoric acid): 145 ml of HDEHP for 855 ml of heptane (ensure
the reagent is pure by washing it in an equal volume of water whose pH after this operation shall be
greater than 3);

f) toluene;
g) TOM solution (trioctyl methyl ammonium chloride): 333 ml of TOM for 666 ml of toluene;
h) Ammonia, concentrated, w(NH,OH) = 28 % minimum (mass fraction);

i) oxalicacid, saturated solution (H,C,0,-2H,0 = 140 g/1);

j) |yttrium in metallic powder form.
8.3| Procedure

8.3]1 General

The sample is dissolved according to the method described in Clause 6..The tracer (5 mg §o 10 mg of
mefal yttrium per gram of test material) is added to the sample during-this mineralizatioh phase. In
principle, this leads to a nitric solution for which the organic separation procedure descrjbed below
applies.

8.3]2 Chemical separation of yttrium

The chemical separation phase of yttrium consists of the following steps:
a) |evaporate until almost dry the nitric solution obtained following the dissolution of the spmple;
b) |add 100 ml of 1 mol/1 HCI. Adjust the pH to.4/4 with a diluted ammonia solution;

c) |pour the sample into a 250 ml separating funnel and add 50 ml of HDEHP solution;

d) [stir vigorously for several minutes,hote the date and time of separation as ¢t = 0 or thg time from
the separation of the yttrium present in the test portion and leave to settle for 30 min. Remove the
aqueous phase;

e) |wash the organic phasg¢ five times in 20 ml of 1 mol/1 HCI: stir for 1 min, leave to settle for 2 min
and throw the aquegus-phase away each time;

f) |extract the 20Y frowi the organic phase five times using 10 ml of 9 mol/1 HCI: stir for 1 mip and leave
to settle for 2¢min each time. Recover the aqueous phases;

g) |transfertheaqueous phases into another 250 ml separating flask;

h) |add 50:ml of TOM solution, stir vigorously for several minutes and leave to settle for 15 min;

i) |callect the aqueous phase in a 250 ml beaker and add 50 ml of demineralised water. If this phase is
cloudy, begin the purification again with 50 ml of TOM solution;

j)  add 60 ml to 80 ml of concentrated ammonia solution and boil for 2 min to achieve flocculation of
the yttrium hydroxide. Leave to settle and cool for approximately 20 min;

k) transfer into the centrifuge pots and centrifuge for 10 min at 3 000 r-min-1;
1) remove the supernatant and recover the residue by adding 5 ml of 2 mol/l HNO5;

m) transfer into a 100 ml beaker and add 10 ml of saturated oxalic acid solution. Make up to a 50 ml
solution with water;

n) bring to boiling point and stop as soon as bubbles appear. Leave to settle for approximately 30 min;
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0)

filter using a 0,45 pm membrane to collect the yttrium oxalate precipitate.

8.3.3 Source preparation to be measured by PC

a)
b)

<)

8.3.4 Soprce preparation to be measured by LSC

a)

b)
‘)

d)

8.3.5 Determination of the chemical yields

The chemigal yield is calculated from:

transfer the filter into a silica crucible, cover and place in the oven at 900 °C for 5 min. Leave to cool;

recover the calcination residue (yttrium oxide) by adding 5 ml of demineralised water and spread
out using a pipette point on a pre-weighed stainless steel test-dish;

weigh the test dish containing the yttrium oxide deposit. Note the mass of the Y,05.

dissolye the yttrium oxalate precipitate in a maximum volume of 35 ml of 2,5 mol/I nitri¢ acid.|Put
the solution in a pre-weighed plastic flask and note the mass;

transfé¢r 14 ml of this dissolution to a 20 ml pre-weighed polyethylene vial and ngté-the mass;

add 6 ml of scintillation cocktail and stir until homogenous dissolution; this‘is the source t¢ be
measufred;

keep af (15 £ 2) °C until measured.

a) For P(Jmeasurement the chemical yield of the yttrium:(R_ ) is calculated by the ratio of the mass
of the measured yttrium oxide precipitate over the-mass of the metallic yttrium added as carftier,
correcfed with a factor of 1,27 as given in Formula'(4).

m
R — ox,p (4)
Yom 1,27
mY -’

where
Moy | is the mass of the oxide precipitate collected;
myy | is the mass of the'metallic yttrium carrier added.

1,27 | is the ratio ef\molecular weight used to normalise the metallic yttrium mass to the yttrjum
oxide mass

b) For LSC measuréments the chemical yield of the yttrium (R_y ) is calculated by the ratio of|the
mass df the collected oxalate precipitate over the mass of the equivalent yttrium oxalate added ps a
carrief see Formula (5):

m
__0op
Ry =— (5)
oY

where

m,,  isthe mass of the oxalate precipitate collected;
m,y  is the mass of the oxalate calculated from the quantity of yttrium carrier added.
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9 Chemical separation procedure by chromatography (crown ether resin)

9.1 Principles

This technique is based on the selective chromatographic separation of strontium using a specific resin
with “crown ether”. The chemical separation is fast and well suited to inspection and monitoring of the
environment. See References [7][8][9].

The alkaline earth elements (strontium, calcium, barium) are precipitated in the form of phosphates in
a basic medium. The barium, if present in large quantltles is removed in nitrate form. The strontium
IS lCLLlVCly DCL Ull d DPCLIIIL Ll UWII CLllCl - LUlulllll lll dall lll‘lUg lllCululll \UCLVVCCII J mOl/l and
8 mpol/1) then eluted using a 0,05 mol/1 HNOj; solution. The final source to be measured,is’q strontium
prefipitate. The fixation yield is determined from the inactive strontium added initially as'a farrier and
the[strontium measured subsequently by atomic absorption.

For|the measurement procedure with ?9Sr and 29Y at equilibrium, either the-global contfribution of
yttium and strontium is directly measured in the precipitate, or the yttrium-activity can b¢ measured
aftdr the final separation from strontium. In this latter case, the chemical recovery yield is edtimated by
thel|addition of an yttrium carrier to the source before the yttrium separation. The final prpduct is an
yttfium precipitate, usually in the form of an oxalate precipitate.

In apsence of 89Sr, 20Sr is measured by counting the beta emission of99Y or of 20Y and 9Sr in efjuilibrium.

WhEn the presence of 89Sr in the test portion cannot b@ neglected, this technique giying direct
megsurement of strontium at two or more different timesshall be chosen.

9.2| Technical resources

9.2]1 Equipment

Thd equipment to be used is as follows:

a) [scales to an accuracy of 0,1 mg;

b) |centrifuge;

c) |ventilated oven or hot platé with temperature control;

d) |atomic absorptionsspectrophotometer, ICP/AES or ICP/MS;
e) |pH meter;

f) |evaporatiomsystem;

g) |f counting apparatus equipped with a gas flow proportional counter or a liquid sfintillation
counter;

h) Tstainless steel test dish 1f proportional counting 1s chosen; 1f not, a flask adapted to the liquid
scintillation counter is used;

i) 50 ml centrifuge pot.

9.2.2 Chemical reagents

The products used are as follows:

a) asupport, coated with a crown ether specific to the extraction of strontium;
b) inactive strontium salt;

c) water, complying with grade 3 as defined in ISO 3696, or better;
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d)
e)
f)
g)
h)
i)
j)

9.3 Prog¢edure

9.3.1 Gejneral

reference strontium solution for spectrophotometric determination;

phosphoric acid, solution, ¢(H;P0,) = 9 mol/l;

0,5 mol/l aluminium nitrate (Al(NO53);)solution in a nitric medium between 3 mol/I and 8 mol/I;
nitric acid, solution, c(HNO3) between 3 mol/l and 8 mol/;

nitric acid, solution, c((HNO3) = 0,05 mol/I;

concentrated ammonia (NH,OH): 28 % minimum;

scintillating cocktail if counting by liquid scintillation is chosen, compatible with nitric acid.

The sample is dissolved. The carrier (10 mg of inactive strontium) is added to-the sample during
the minerglization phase. After dissolution, the nitric solution obtained is,made up to 100 ml With

distilled whter.

9.3.2 Chlemical separation of the strontium

The steps ¢f the chemical isolation procedure of 29Sr are as follows:

a)
b)

‘)
d)

e)

f)
g)
h)

i)
j)

k)
D)

p)

16

add 5 ml of 9 mol/l1 H3PO;

createla basic medium by adding 28 % NH,OH until a\pH of between 9,5 and 10 is achieved;
collect]the precipitate by centrifuging (several tithes if necessary);

heat the precipitate in an oven (70 °C) or onia hot plate in the same container until almost dry;

dissolye the salts in at least 10 ml of aSolution containing 0,5 mol/I AI(NO3); and between 3 mlol/1
and 8 mol/1 HNO5 (more if necessary. Dissolution shall be complete);

place 4 column containing 2,8 g of/a support coated with crown ether on a holder;
let the|water in the column(dpip into a beaker;

prepaile the resin by adding 20 ml of 3 mol/I to 8 mol/1 HNOs;

filter the sample through the resin column in 2,5 ml fractions;

rinse the container which contained the solution with 3 ml of between 3 mol/l and 8 mol/1 HJO,.
Pour the solution through the column;

rinse the=¢tolumn atleast three timeswith 3 ml of between 3 mn]ll(] and 8 mn]l/I HNOD:

note the date and time after rinsing;
dry the drops on the sides of the column container;

place a small container under the column and elute the strontium with at least 10 ml (Vq) of
0,05 mol/I HNO; solution;

take an aliquot fraction of the solution to determine the quantity of strontium by atomic absorption
or ICP/AES or ICP/MS in order to evaluate the chemical yield;

use an aspirator to evaporate the volume remaining on a stainless test dish if measuring activity by
proportional counting or prepare the source for measurement by liquid scintillation counting.
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9.3.3 Determination of chemical yield

The chemical yield of the strontium is determined by the following Formula (6):

m
_ S
Ry, == ©)
Sr, T
where
mg, is the mass of the strontium in the eluate measured by AA, ICP/AES or ICP/MS;

mg,r  is the mass of strontium added initially.

10|Measurement

10.1 General

Thg same equipment conditions should be used for measurements of the)sample, the background and
the[reference measurement standard.

The counting time used depends on the sample and background, ceunt rates and also on thg¢ detection
lim{t and decision threshold required.

10.2 Liquid scintillation counter

LSQ measures directly the photons, produced follswing the excitement of the scintillatipn cocktail
by the beta particles. The advantage of this methed is the possibility of discriminating beta particles
enefgies by setting so called energy “windows” that allows one to check the presence of|other beta
confaminants in the source. When this type of'equipment is chosen for radiostrontium detefminations,
recommendations contained in ISO 19361 should be taken into account.

When assessing the 20Sr activity by itsineasurement with 29Y in equilibrium, two cases aris:

— |where the presence of 89Sr ¢an be neglected and the respective contribution of 2°Y in dquilibrium
with 90Sr can be assessedusing LSC;

— |or, the presence of 82Sr cannot be neglected, in which case it is necessary to measure thg strontium
at two different timies; to estimate the 89Sr activity through its decay.

WhEn assessing the 99Sr activity by the ?0Y measurement, if the presence of small amounts of 20Sr
canpot be excladed, then it is preferable to measure the Cerenkov radiation from the Y, as it is
negligible for<9Sr.

10.3 Gas flow proportional counter

A gas TIow proportional counter IS a system that measures directly the alpha and beta radiations,
without energy discrimination, from the source usually prepared as a thin layer deposit.

When a strontium test source is measured, the use of double window (a and £) in this type of counter
allows the presence of alpha emitting contaminants in the source. If other short half-life beta emitters
are present they can be detected by performing successive measurements of the source at given times.

Other systems, incorporating a plastic scintillation detector, Geiger-Miiller detector or a silicon-charged
particle detector [passivated implanted planar silicon (PIPS)], can also be used.

When using a gas-flow proportional counter, it is advisable to choose the beta window with minimal
beta-alpha cross-talk. If some alpha contamination is present, data should be corrected for the alpha-
beta cross-talk. If equipment other than gas-flow proportional counters is used, then cross-talk may be
insignificant and ignored.
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If a windowless gas-flow proportional counter is used, carry out regular checks for possible
contamination of the counting system by counting blank samples.

10.4 Calculation of counting efficiency

The procedure to calibrate the counters is as follows:

select t, to collect at least 104 counts;

determine the beta count rate of the reference measurement standard;

calculd
of the

when 4
so that

te the counting efficiency of the counter by dividing the count rate measured with the acti
falibration source, at measuring time, as given in Formula (7):

el )/As,i

| PC is used, reference measurement standards of various mass per area should be measy
actual efficiency can be used in evaluation depending on Sr recovery.

11 Expression of results

11.1 Gen

When 90Sr
out when 4
following I

11.2 Detg¢

11.2.1 Ca

The activit
parent nug
equilibriur
time when

The result

gross counfs by the counting-time gives the gross count rate,

To apply th

The gross
measurem

The activit]

bral

is determined through or by °0Y it is considered thatthe measurement should be car
oth are in radioactive equilibrium. In other case, appropriate formulae should be develo
50 11929 (all parts).

rmination of 20Sr in equilibrium with?0yY

culation of the activity per unit of\mass

y per unit mass in source samples where the 9°Y has been completely separated from
lide ?9Sr cannot be reassessed -until the daughter nuclide 20Y has grown back in and i
h with the parent nuclide 298t This occurs 15 to 20 days after ¢t = 0; where t = 0 is the poij
all the 99Y had been renmioyeéd from the sample.

of the measurement,gives the gross number of counts from the ?9Sr plus 20Y. Dividing
ry.

g
is method tHe-8?Sr contained in the test sample shall be neglected.

count rate’ should be corrected by background count rate, ry which is obtained from
ent ofiablank source.

a =
0Sr+Y  m.R s
C,

ity

(7)

red

Fied
ped

the
S in
It in

the

the

y per unit of mass of °Sr plus %0Y (aq, ) shall be calculated as given in Formula (8):

r

g~ "o

r €905,y

and, the activity per unit of mass of 90Sr, shall be calculated as given in Formula (9):

905, =

18

990 Sr+Y _ 1

5

r,
g

-ry)-w with w =
0) 90gr 90gr 2-m-R .£
¢Sr “90gry

(8)

(9)
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11.2.2 Standard uncertainty

According to the ISO/IEC Guide 98-3, the standard uncertainty of a,, S is calculated by Formula (10):

u(@og,) =W (g /tg+1o [tg)+ a0 -ty (Wong, ) (10)

Where the uncertainties of the sample and background counting times are neglected and the relative
standard uncertainty of w is calculated by Formula (11):

ulgel (W90 Sr ) = ulgel (Rc.Sr)+ ulgel (m)+ ulgel (890 SraY ) (11)

therelative standard uncertainty of &, is calculated by Formula (12):

uly (€90, )= (1 /ts +10 /6)/ (g =10V 1l (A 00,y ) (12)

u ) includes all the uncertainties related to the reference measurement standqrd, that is,

rel (AS, 05r+y
thoge of the standard solution and the preparation of the reference measurement standard. |u; (R, s.)

is the uncertainty related to the chemical yield, and depends on its method of evaluation.

11.2.3 Decision threshold

In accordance with ISO 11929 (all parts), the decision threshold, a’go 57 is obtained through u(aq, 5 ),
i.e. the standard uncertainty of ag, g 353 function of its true value, this yields Formula (13)

oo, =Ky 8(0)=ky o -Wagg -\[To /g +T0 Ly (13)
o =0,05 with kl—a =1,65 is often chosenby default.
11.2.4 Detection limit

In accordance with [SO 11929 (all'parts), the detection limit, aﬁo S is calculated by Formulal (14):

# —qF e il
N e (14)

=ahog, + K\ Whog (@l /Waog +10)/ tg+Ty /g1 +al2 w2y (Woog)
B 0,05 with kl—ﬁ =1,65 is often chosen by default.

The detection/limit can be calculated by solving Formula (14) for ago or, more simply, Hy iteration
Sr

# —

with asStarting approximation ag, . 2- dgo,.-

When LdKIIE = P LIell Kl—a = Kl—ﬁ =K alld e SOIUtION OI FOI'Iuld (7] IS §IVEIlI DYy FOI'TIUI |15 ):

.aF 2.
e 2 a90$r+(k W905r)/tg

90¢.
Sr 1-k2 -ufel(wgosr)

11.3 Determination of °OSr by the 0Y

(15)

11.3.1 Calculation of the activity per unit of mass

The 99Y is measured immediately after its separation in the test portion when Sr and Y are in
equilibrium. t = 0 being the time when the ?0Y is separated from the ?°Sr and starts to decay with a half-
life of 2,7 days.
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The result of the measurement is the gross number of counts from the 20Y, divided by the counting time
gives the gross count rate, Ig-
The gross count rate should be corrected by background count rate, r,,, obtained from the measurement
of a blank source.

The activity per unit of mass of 90Sr (ag,.) is calculated at time t = 0, using Formula (16):

AY'tg . 1
(e_)“Ytd —e_/lth ) Ey-m 'Rc

g, = ay =(rg —ry)-wy with wy = (16)

Being R.=[R_¢. R

c,Sr “'c,Y

This equatjon allows to correct the activity of the decay of Y during the counting time (tg -ty

o

11.3.2 Stdndard uncertainty
According fo GUM, the standard uncertainty of ag, s is calculated by Formula (17):

uag, )=\/WY2 ~(rg/tg +1y [ty )+ a%osr-u?el(wY) 17)

Where the|uncertainties of the sample and background counting times’are neglected and the relative
standard uncertainty of w is calculated by Formula (18):

uy (wi)=uly (R )+ul, (m)+ul, (ey) 18)

the relativg¢ standard uncertainty of &, is calculated by Eermula (19):

ufy (ex)=(rg /[t +1 /tg)/ (rg—ro ¥ +uly (Agy) [19)

U (AS Y) includes all the uncertainties relatéd to the reference measurement standard, that is, those
of the stanjdard solution and the preparation of the reference measurement standard. u,; (R_) is|the

uncertainty related to the chemical yield: It can be calculated by Formula (20):

u?el(Rc):urzel(Rc,Sr)+ur2el(Rc,Y) 20)

rel

2
rel

and yttrium respectively;and should be depend on their method of evaluation.

where u (RC'Sr ), ”?el (Rc,Y) are the squared relative uncertainties of the chemical yields of strontjum

11.3.3 Decisionthreshold

In accordahéewith ISO 11929 (all parts), the decision threshold, ag, «.» is obtained through i(ag| ),

i.e. the standard uncertainty of ay, 5 352 function of its true value, this yields Formula (21):
Ao, =Ky_g  U0)=Ky_ - wy\[rg/ty +1 / tg (21)

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

In accordance with ISO 11929 (all parts), the detection limit, aﬁos , is calculated by Formula (22):
r

# dilat
a905r_a905r+k1—ﬁ u(agosr)

—* 2 # #2 2
=dhog kg W [(ahy /wy+rg) [ty+ry /tgl+alZ -l (wy)

(22)

B=0,05 with k1—ﬂ =1,65 is often chosen by default.
The detection limit can be calculated by solving Formula (22) for a*fnb or, more simply, by iteration
vor
with a starting approximation ago oo 2- aZOSr .
When taking o= then k;_,= kl—ﬁ =k and the solution of Formula (22) is given by Eérmula (23):
.at 2.
. 2dsg +(KPwy )/t )z
@90 Sr 1—k2.y2 (23)
—RE Upe) (WY )

11.4 Determination of °OSr in presence of 8°Sr when ?9Sr is in’equilibrium with Y
11.4.1 Calculation of the activity per unit of mass
Thip method is based in the realisation of two measurements of the same source at two diff¢rent times
t, 4nd t, after the time t = 0 of the separation of the yttrium present in the test portion. It i suggested
that the same counting time, tg, is used for both.meéasurements. The net counts rates, Tis of these
megsurements can be calculated from the gross cetint rates, Iy and the background count rafes, T j»as:

T =9 "0j (24)
If the measurements are made when.‘equilibrium between the ?Sr and °0Y has been refiched then
the|net counting rates can be calculated using Formula (25) below, considering that the 20br and 89Sr
activities are constant during the counting time, and the appropriate decay constants.

_ ~Agog t1

=2 Agog €0,y +Eaig Agag € T

ry=2-Agy. ‘£ T eg Ago. € P52 (25)

2 90sr “90Sr+y 89 89sr
The activity¢per unit of mass (a, ) of the radionuclide 7 is calculated using Formula (26):

a1.=AI./m-RC’Sr (26)
and

dgpq,. = Woq (ry—c-r) (27)

. 1 -2 ty—t
with wgq = and c=¢ 8% (2711
m-R. .- 2~£908r+Y-(1—c)
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Agoe. = Wgg (ry=r;) (28)
e+1895r t

m- Rc,Sr'8895r'(C_1)
11.4.2 Standard uncertainty

Agog, (t2=t1)

with Wgq = and c=e

When the measurements are made in equilibrium conditions and according to ISO/IEC Guide 98-3, the
standard uncertainty of g; is calculated by Formula (29):

u(agggl)= \/wgoz Tu? (ry)+c2-u?(r )]+ a%osr ‘2 (wog)

u(@gag] )= \Weo? [ (1 )+ (ry )]+ @y -uZ (wgo) 29)
Assuming that u%(c)=0.
The relativie standard uncertainty of r; is calculated by Formula (30):
uz(rj):rgj/tg+r0j/tO 30)
the relativg¢ standard uncertainties of wq, and wgq are calculated by Formula (31):

2 — 1,2 2 2
Urel (W D0 ) SUpe (Rc,Sr ) + Upel (m) + Urel (8905r+y )

uly (Wi )=l (R ) +upey (m)+1uly (€50 ) 31)
The relativie standard uncertainty of ¢; is calculated by Formula (32):

urzel(gi):ugel(rs_ro)—'_urzel(As,i):(rs/ts+r0 /tO)/(rs_rO)z—l_u?el(As,i) 32)

U1 (4 ;) Includes all the uncertainties related to the reference measurement standard, that is, thoge of
the standajrd solution and the preparation of the reference measurement standard. u (R, c.) is|the

uncertainty related to the chémical yield, and depends on its method of evaluation.

11.4.3 Decision threshold

In accordance withJJSO 11929 (all parts), the decision thresholds, af , is obtained through (g, ), i.e{the
standard uncertainty of g; as a function of its true value, this yields Formula (33):

;
* ~ 1 1 C'(C‘l‘l) u89s
a =k, __-u(0)=k,__-Wq,-.[(ry, +C?r — )+
905y ~ "1-ar (0)=ky_q Wog \/( 02 01)(t0 tg) (c-1) £, Wgo

. ) 1.1 2 %oog
a =k, -i(0)=k.  Wen- (ri +1 —t— )t -
895, 1-«a (0) 1-o 7789 \/( 01 OZJ(to tg ) tg (1-c) Wop

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

(33)
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11.4.4 Detection limit

In accordance with ISO 11929 (all parts), the detection limits, al# , are calculated by Formula (34):

B=

The detection limit can be calculated by solving Formula (34) for a‘.# or, more simply, by itera

# dila®
a905r_a905r+k1—ﬂ u(agosr)

= oot ky_p e[l /wy+ry)/tg+ro [t 1+alZ uZy (wy)
0,05 with k1—ﬂ =1,65 is often chosen by default.

(34)

tion with a

stai

Wh

11.

Con

1 )

whd

’}/:

12
Thd

ting approximation al# :2~a;.
en taking o= then k;_, = kl—ﬁ =k and the solution of Formula (34) is given by'Hormu

~ 2~a2‘;05r+k2-Wgo-(1+cz)/tg~(1—c)

agosr_ 1-k%-u? (wgy)
rel \Woo
= 2 azgsr + k2. :vggz(l+c)/(c—1) ty
1=k ufy (wgo )
5 Confidence limits

fidence limits can be calculated in accordance with4S0O 11929 (all parts). The values of 1
and upper limit, al‘? , are calculated by Formula (36) and Formula (37):

af =a;—k,-u(g;); p=w-(1-y/2)
a> =a; +kq-u(a,-); g=1-w-y/2

tre @=®[y/u(y)], being @ thedistribution function of the standardized normal distril
1 may be setif a; 24-u(g;)>In this case Formula (38):

Q> _
a;” =aq ik1—y/2'”(ai)

0,05 with kl—y/z =1,96 is often chosen by default.

Test report

tést ‘report shall conform to ISO/IEC 17025 requirements and shall contain thg

a (35):

(35)

ower limit,

(36)

(37)

ution.

(38)

following

infa

rmation:

a)
b)
‘)
d)

areference to this document, i.e. ISO 18589-5:2019;
identification of the sample;
units in which the results are expressed;

test result, a;tuoraxU, with the associated k value.

Complementary information can be provided such as:

probabilities a, fand (1 - y);

decision threshold and the detection limit;
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— depending on the customer request there are different ways to present the result:

— when the activity per unit of mass a; is compared with the decision threshold, in accordance

with ISO 11929 (all parts), the result of the measurement should be expressed as < a;.k when the
result is below the decision threshold;

— when the activity per unit of mass qg; is compared with the detection limit, the result of the

measurement can be expressed as Sal’.k'E when the result is below the detection limit. If the

detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpase;

— mentign of any relevant information likely to affect the results.
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(informative)

Examples of evaluation models

ISO 18589-5:2019(E)

For
san
abld

asS V]

CITC IO CUIIO T C I actrotITo

Vell as those of decay constants are neglected.

a,B=0,05 with k;_,=1,65 and k1—ﬁ =1,65 are chosen by default.

both equipment, PC and LSC, and for the three examples described in this annex;20 g
ple are taken and counting times for blank and test samples of 60 000 s are taken. with the aim to be
to compare the obtained results. Standard uncertainties of times involved in the calcu

of dry soil

us process

Valijies provided for input quantities correspond to the typical measurements by proportional counter

and

A.2

A2

by liquid scintillation counter.

Determination of 20Sr in equilibrium with 20Y

.1 Input quantities and values

Table A.1 — Input quantities and values

Using values from Table A.1 and formulae from 11.2, the following values are obtained:

A2

Wit

©IS

(square)

Quantity Symbol Xi (PC) Xi (LSC) Unit
Mass of dry soil m 20 20 g
Background counting time to 60000 60000 S
Sample counting time ty 60000 60000 S
Refer(.ance measurement standard ¢ 3600 3600 s
counting time s
Gross count rate Iy 0,15 0,49 sl
Background countrate o 0,01 0,16 st
Reference measurement standard - 3,33 8,01 o1
count rate S
Chemical'yield of Strontium R & 0,78 0,78
Counfing efficiency of 20Sr+Y €906,y 0,41 0,96
Relative uncertainty of 90Sr+Y
reference measurement standard ub (A o ) 2,50E-03 | 2,50E-03
(square) T
Relative uncertainty of mass 2 (m) 100E-04 | 1,00E-04
(square) rel
Relative uncertainty of yield “Eel (R g 2, 50E-03 2 50E-03

.2 Activity concentration

h wy, = ! taken a value of:

2-m-R

¢,5r" €901y
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