INTERNATIONAL
STANDARD 185

ISO
89-6

Second edition

2019-12

Measurement of radioactivity in
environment — Soil —

Part 6:
Gross alpha and gross beta activi
— Test methodsing gas-flow
proportional:counting

Mesurage de la radioactivité dans l'environnement — Sol

Partie 6: Mesurage des activités alpha globale et béta glob
Méthode d’essai utilisant un compteur proportionnel a cird
gazeuse,

the

ties

1le —
L lation

Reference number
1SO 18589-6:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=207a7fd67a570035333980d7ddf97ce0

ISO 18589-6:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=207a7fd67a570035333980d7ddf97ce0

ISO 18589-6:2019(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
IIEIOAUCTION. ......ooooo etk 881888558 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Symbols
5 PIANCIPI@ .....oooo s s S e 2
6 Chemical reagents and eqUIPMENT ... e f e 2
7 PIOCEAUTE...........ooocccooeeee oot ssssssesssses e bl s

7.1 Preparation of sources...

An
Bib

7.2 Calibration ...

7.2.1  Principle....

7.2.2 PrOCEAULE ....oooooooeeeeeeeeceeeeeeeeeeees e et et
7.3 (0% 1L 0) = U (0] 6 T 0041 S
7.4 Background determination...
7.5 A L2 F D<) 0 0 1<) U oD oo N S

Expression of results

8.1 Activities per unit mass
8.1.1  Calculation of alpha activity perunit of mass...
8.1.2  Calculation of beta activity periunit of mass......
8.2 Standard UNCETTAINEY ...t S
8.2.1  Standard uncertainty ofithe alpha activity per unit of mass....................
8.2.2  Standard uncertainty-of the beta activity per unit of mass
8.3 DeciSion threShold . ... oo
8.3.1  Decision threshdld of the alpha activity per unit of mass................
8.3.2  Decision thréshold of the beta activity per unit of mass..................
8.4 DeteCtion Tt ... g
8.4.1  Detectionlimit of the alpha activity per unit of mass ...
8.4.2  Detectien limit of the beta activity per unit of mass.........con]
8.5 CONFIAENCETIIITIES ...
TOST TP OT T 0 ek

ex A (informative) Preparation of reference measurement standards with plutonium 239

iography

© IS0 2019 - All rights reserved

iii


https://standardsiso.com/api/?name=207a7fd67a570035333980d7ddf97ce0

ISO 18589-6:2019(E)

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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 1nstallat1ons use radioactive mater1als and produce
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dustry, agr1culture and research is expandlng around the globe. i

Lhese human activities give rise to radiation exposures that are only a small fractien o
rage level of natural exposure. The medical use of radiation is the largest and algrowing
-ce of radiation exposure in developed countries. It includes diagnostic radjology, ra
ear medicine and interventional radiology.

iation exposure also occurs as a result of occupational activities.-It is incurred by
Istry, medicine and research using radiation or radioactive substances, as well as by
crew during air travel. The average level of occupational exposures is generally below
Fage level of natural radiation exposure (see Reference [1]).

As lises of radiation increase, so do the potential health riskyand the public's concerns. Thy
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psures are regularly assessed in order to:
improve the understanding of global levels and temporal trends of public and worker ex
evaluate the components of exposure so as to_provide a measure of their relative import

identify emerging issues that may warrant more attention and study. While doses to W
mostly directly measured, doses to theé_public are usually assessed by indirect method
results of radioactivity measurements of waste, effluent and/or environmental samples

nsure that the data obtained fromradioactivity monitoring programs support their inte
bsential that the stakeholders (for example nuclear site operators, regulatory and local 2

e materials

the global
man-made
liotherapy,

workers in
bassengers
the global

s, all these

posure;
ance;

rorkers are
5 using the

hded use, it
uthorities)

be on appropriate methods.and procedures for obtaining representative samples and fof handling,

ing, preparing and mgasuring the test samples. An assessment of the overall me
ertainty also needs toybe carried out systematically. As reliable, comparable and ‘fit fq
h are an essential requirement for any public health decision based on radioactivity mea
rnational standards of tested and validated radionuclide test methods are an import3
production ef\such measurement results. The application of standards serves also to
parabilitysefithe test results over time and between different testing laboratories. L4

ap

y them to)demonstrate their technical competences and to complete proficiency tests s

durjng interlaboratory comparisons, two prerequisites for obtaining national accreditation.

Todagzover a hundred International Standards are available to testing laboratories for

asurement
r purpose’
surements,
nt tool for
guarantee
boratories
liccessfully

measuring

radIonuctdes imaifferent 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, 90Sr 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

device

s 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 and 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

matrices i
protection
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engineerinlg. Accurate measurement of the activities of the radionuclides is also needed for-homel

security ay
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testing lab
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describes i

The test m¢
in sludge, s

necessary to assess the potential human exposure, to verify compliance with radia
and environmental protection regulations or to provide guidance on reducing health.ri
F emitting radionuclides are also used as tracers in biology, medicine, physics, chemistry,

d in connection with the Non-Proliferation Treaty (NPT).

hent describes the requirements to allow an estimation of gross radioactivity of alpha-
brs in soil samples after proper sampling, sample handling and test sample preparation
bratory or in situ.

hent is to be used in the context of a quality assurance managemrent system (ISO/IEC 170

nent is published in several parts for use jointly or separatélyaccording to needs. These p
mentary and are addressed to those responsible for determining the radioactivity pre
rocks and ore (NORM or TENORM). The first two parts are general in nature describe
of programmes and sampling techniques, methods, of general processing of samples in
(ISO 18589-1), the sampling strategy and the s@il'sampling technique, soil sample hand
fation (ISO 18589-2). ISO 18589-3 to ISO 18589-5 deal with nuclide-specific test meth
the activity concentration of gamma emitters radionuclides (ISO 18589-3 and ISO 200
isotopes (ISO 18589-4) and °9Sr (ISO,18589-5) of soil samples. ISO 18589-6 deals v
¢ measurements to quantify rapidly, gross alpha or gross beta activities and ISO 185¢
h situ measurement of gamma-emitting radionuclides.

tthods described in ISO 18589-3 to'ISO 18589-6 can also be used to measure the radionucl
ediment, construction material and products following proper sampling procedure.

This document is one of a set of International Standards on measurement of radioactivity in

environme

Additional
other radiq

nt.

parts can be added to ISO 18589 in the future if the standardization of the measuremer
nuclides becemes necessary.
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Measurement of radioactivity in the environment — Soil —

Part 6:
Gross alpha and gross beta activities — Test method using
gas-flow proportional counting

1
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document provides a method that allows an estimation of gross radioactivity‘ef alpha
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measurement as a priority and in the specific analysis methods for implementation.

onuclides present since, by convention, the same alpha counting efficiency is assigned

ing and processing of mineral sands or phosphatefertilizer production and use.

redurel21[31[41[5][Z][8],

simplification, the term “soil” used.inthis document covers the set of elements mentione|

Stitutes requirements/of this document. For dated references, only the edition cited 4
ated references, theatest edition of the referenced document (including any amendmen

11074, Soil quality — Vocabulary

nitions

surements or to preliminary site studies to guide the testing staff both in'the choice of's

gross a or [ radioactivity is generally different from the sum of the effective radioactiv

a emissions and the same beta counting efficiency is assignéed for all the beta emissions.

includes rock from bedrock and ore as well as constriction materials and products,
g naturally occurring radioactive materials (NORM) or those from technological
lving Technologically Enhanced Naturally Occurring Radioactive Materials (TENORN

test methods described in this document can'also be used to assess gross radioactivit
beta-emitters in sludge, sediment, construction material and products following propsd

Normative references

following documents areé referred to in the text in such a way that some or all of th

[EC 17025,'General requirements for the competence of testing and calibration laboratorie

18589-1, Measurement of radioactivity in the environment — Soil — Part 1: General gui

bil samples

ities of the
for all the

botery, etc.
processes
1), e.g. the

y of alpha-
r sampling

d above.

pir content

pplies. For
[s) applies.

3

fdelines and

[SO 18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for the selection

of th

e sampling strategy, sampling and pre-treatment of samples

[SO 18589-4, Measurement of radioactivity in the environment — Soil — Part 4: Plutonium 238 and
plutonium 239 + 240 — Test method using alpha spectrometry

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

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11074, ISO 18589-1 and
ISO 80000-10 apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

4 Symbols

m mass of the test portion, expressed in kilograms;

a activity per unit of mass, expressed In becquerel per Kilogram,

Ap Ap activity of the standard in the @ and f reference measurement standards, expressed in
becquerel;

ty sample counting time, expressed in seconds;

to background counting time, expressed in seconds;

tser tsp a and f reference measurement standards counting time, expres$ed in seconds;

Tew T'ap gross count rate per second, from the a and f windows, respectively

ow Top background count rate per second, from the a and f windows, respectively;

Fseo Tsp calibration count rate per second, from the a and f~xndows, respectively;

€ €8 counting efficiency for @ and S, respectively;

Tsa—p count rate in the f window when the a refefénce measurement standard is measured;

X alpha-beta cross-talk, percentage of a‘count going into f window from the reference mdas-
urement standard;

u(a) standard uncertainty associated'with the measurement result;

U expanded uncertainty, calgulated by U=k-u(a) withk=1, 2,..., expressed in becquere
per kilogram;

a’ decision threshold;expressed in becquerel per kilogram;

a” detection limit; expressed in becquerel per kilogram;

a<,a> lower and upper limits of the confidence interval, expressed in becquerel per kilogram.
5 Prindiple

Gross @ and S radioactivity are determined by using gas-flow proportional counting or solid scintillation
counting on a thin layer of fine soil on a planchettel1[21110], Gross @ and  determinations are not absolute
determinations of the radioactivity of the sample, but relative determinations referring to a specific a-
or -emitter that constitutes the reference measurement standard. These types of determinations are
also known as the alpha index and beta index.

6 Chemical reagents and equipment

6.1 Degreasing solvent.

2 © IS0 2019 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/ISO
https://standardsiso.com/api/?name=207a7fd67a570035333980d7ddf97ce0

6.2

6.3

6.4

ISO 18589-6:2019(E)

Fixer, for example cellulose nitrate (Parlodion®1), up to 10 g/l in acetone.
Planchette, stainless steel, with a diameter adapted to the measuring apparatus.

Analytical balance, accurate to 0,1 mg.

6.5 Gas-flow proportional counter or solid-state scintillation counter (such as ZnS), designed to
discriminate between the alpha and beta radioactivity.

7 |Procedure

7.1 Preparation of sources

The preparation of sources involves the following stages.

a) |Clean the planchette (6.3) using a degreasing solvent (6.1).

b) |Evenly deposit a known mass of the test sample, m, prepared ina¢cordance with ISO [18589-2 in
order to obtain the thinnest possible layer with a surface deposit below 20 mg/cm?2.

c) |The mass of the sample shall fall between the maxinidm and the minimum valpes of the
calibration curve.

d) |Place the planchette on a horizontal surface.

e) |Itis recommended to cover the deposit using thé\fixer (for example 10 ml of Parlodion{ dissolved
in a 130 mm test dish) and leave it to evaporate at ambient temperature (take the same guantity of
fixer as used to prepare the standard sourdes). The purpose of this operation is to pernfanently fix
a thin film on the surface of the sample oirthe planchette.

f) |ldentify/label the planchette.

The source is ready for the determination of the gross a and gross f radioactivity indices using

preyiously calibrated measuringiequipment.

The planchette should be suitably stored before measuring, to avoid any risk of contaminatipn.

IMRORTANT —

— |The sself-absorption phenomena thatdepend on the matrix constituentas well as thg thickness
of the deposittend to underestimate the gross radioactivity, especially the a radigactivity.

— |Itis difficult to prepare thin sources with a uniform thickness, which shall be con$tant from
one preparation to another.

o ——————

7.2.1 Principle

The counting efficiency and associated uncertainty are determined using soil reference measurement
standards[11[12][13] prepared by

a)

metrological bodies using the reference soil supplied;

b) thelaboratory using soil of the same nature as the soil being analysed, whose homogeneity has been
thoroughly evaluated. These soils become reference soils after spiking, separately, with calibrated a

1

Parlodion® 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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and f solutions with sufficient activity to allow the activity of the natural or artificial radionuclides
present in the soil to represent less than 2 % of the total activity in the reference soils.

Among the standard solutions available for artificial a-emitting radionuclides, 241Am and 239Pu are
commonly selected. When 239Pu is used, it is necessary to take into account the presence of the 241Pu
impurity. Among the standard solutions available for artificial f-emitting radionuclides, 29Sr+90Y is
commonly selected. Finally, among the natural standard solutions, U, ,, and 49K are commonly selected.

An example of the method of the preparation of sources calibrated with plutonium to measure the gross

a-radioacti

vity is given in Annex A. A similar procedure may be implemented by spiking.

The referefice measurement standards snall be stored in a desiccator due to the nydrophilic nature of

the soil.

It is advisgble to choose the a and f windows so that the beta-alpha cross-talk is close to-zero. Then

it is sufficipnt to consider only the alpha-beta cross-talk correction factor. If this cannpt.be done, it is

necessary fo consider both the alpha-beta and the beta-alpha cross-talk correction factors.

7.2.2 Prpcedure

7.2.2.1 [ffcalibration

The procedure for calibrating the counters is as follows.

a) Deposita thin layer of the reference soil following the procedure given in 7.1.

b) Select the width of the @ and f windows.

) Selectfysto collectatleast 10* counts in the f window.

d) Deterrnine the count rate of the reference measurement standard in its window.

e) Verify|that the count rate in the « window.fis Zero or compatible with the equipment background
count rate.

f) Calculate the counting efficiency of.the counter, dividing the recorded count rate by the activitly of
the reference measurement standard as given by Formula (1):
ep =1t —1op )/ 45 &

7.2.2.2 (¢ calibration

The procedure for calibrating the counters is as follows.

a) Deposita thin-layer of the reference soil following the procedure given in 7.1.

b) Select the‘width of the a and f windows

c) Select the t, to collect at least 10 counts in the a window.

d) Determine the count rate of the reference measurement standard in its window.

e) Calculate the alpha-beta cross-talk correction factor, x, as given by Formula (2):
X :rsa—>,3 /rsa (2)
where N is the count rate in the f window when the a reference measurement standard is
measured.

4 © IS0 2019 - All rights reserved
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f) Calculate the counting efficiency of the counter by dividing the recorded count rate by the activity
of the reference measurement standard as given by Formula (3):

8a=(rsa o )/Aa (3)

7.3 Calibration curves

In general, it is difficult to produce a sample source identical to the reference measurement standard.
To avoid self-absorption differences between them, it is convenient to construct a calibration curve
of sample mass versus counting efficiency, £ (m). The self-absorption effect is more important in a
coupting.

7.4 Background determination

Megsure the background using a planchette prepared in a manner similar to that,for the sanmple source.
Letthe measured count rates be ry, and rp.

7.5 Measurement
Thg a and f activities per unit mass are estimated by counting the sample source for an appropriate time.

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

Thg counting time depends on the sample and background count rates and the required det¢ction limit
and decision threshold.

I'ee [and ryp are corrected for the background; contribution and ryp for the alpha-beta| cross-talk
confribution.

8 |Expression of results
8.1 Activities per unit mass

8.1]1 Calculation of alpha’activity per unit of mass

Thd gross a activity per-unit of mass, a,, is calculated as given by Formula (4):

r.. —r
_ 'ga O« _(
ag = - ra_rOa)’W (4)
m-gy(m) ‘8
whére W’—‘;.
m-£,,(m)

8.1.2 Calculation of beta activity per unit of mass

The gross f activity per unit of mass, a, is calculated as given by Formula (5):

_Tep "Top AU,

B m-eg (m) :[rgﬁ ~Top _Z(rga_rotx)]'w ()
where W=;.
m-g, (m)

If the alpha-beta cross-talk can be neglected, y = 0 and Formula (5) becomes similar to Formula (4).

© IS0 2019 - All rights reserved 5
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8.2 Stan

dard uncertainty

8.2.1 Standard uncertainty of the alpha activity per unit of mass

According to ISO/IEC Guide 98-3, the standard uncertainty of a,, is calculated as given by Formula (6):

u(ay )~

2
rel

2
rel

\/w2~[u2(rga)+u2(r0a)]+aa2~u (w)=\/w2-(rga/tg+r0a/t0)+aé-u (w)

where the uncertainty of the counting time is neglected.

The relativj

2

rel (W

u

and the rel

Ll?el [86

rzel(Aa) ]

standard s

u

The calcul
calculation

given by Fq

)

u(d,

8.2.2 Sta

According
and (11):

u(aﬂ

where

T(x)%

where the

e standard uncertainty of w is calculated as given by Formula (7):

2

):ugell:ga (m):|+ure1(m)

ptive standard uncertainty of ¢, is calculated as given by Formula (8):
—12 2
(m)]_urel (rsa ~Toa )+urel (Aa )

_ 2 .2

_(rsa/tsoc +r0a/t0 )/(rsa _rOa ) +urel (Aa )

ncludes all the uncertainties related to the reference measurement standard, that is, in
plution and the preparation of the reference measurement'standard.

htion of the characteristic limits [in accordance with*ISO 11929 (all parts)] requires

of @(d, ), i.e. the standard uncertainty of a,, as @ function of its true value, calculate
rmula (9):

| 2 5 52 .12

_\/W 'I:(aa/w"_rOa )/tg +r0a/t0 }’_aa “Urgl (w)

Indard uncertainty of the beta activity per unit of mass

z\/wz[(rgﬂ /tg+r0ﬁ Ity )+T(}()]+a% ~ufel(w)

—&, )2 uz(;()+;(2(rga/tg +1y, /to )

(

incertainty of the counting time is neglected.

fga

Fo ISO/IEC Guide 98-3, the standard uncertainty of ag is calculated as given by Formulae

(6)

(7)

(8)

the

the
] as

(9)

10)

10)

11)
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The relative standard uncertainty of w is calculated as given by Formula (12):

w2y (w)=uZ [ g5 (m)]+u2, (m) (12)
The relative standard uncertainty of & is calculated as given by Formula (13):

2 [ (m) ] =u (g =1 )02 (A )=(rp g +0p f20 )/ (g =1 ) 42 (45) (13)
The relative standard uncertainty of y is calculated as given by Formula (14):

u(2) =22+ 1)/ (ryg ) (14
For|the calculation of the characteristic limits [in accordance with ISO 11929 (all-parts)],|one needs
u éﬁ ), i.e. the standard uncertainty of ag as a function of its true value,‘¢calculated afs given by
Formula (15):

ﬁ(&ﬁ ):\/wz{[&ﬂ /W+x(rga ~Tou )+r0ﬁ ]/tg +r0ﬁ/t0 +T(;()}+&%3 uz (w) (15)
If the alpha-beta cross-talk can be neglected, y = 0, and Formilae (10) and (15) become| similar to
Formulae (6) and (9).
8.3| Decision threshold
8.3]1 Decision threshold of the alpha activity.per unit of mass
Theg decision threshold, a; [in accordance with ISO 11929 (all parts)], is obtained from Forrhula (9) for
da =0, which yields to Formula (16):

ay, =ky_o - U(0)=ky_ o -w- 1o JEI+ 10 [t (16)
Assignificance level of @ = 0,05 with k;_ , =1,65 is often chosen by default.
8.3]2 Decision thresheld of the beta activity per unit of mass
The decision threshold, az [in accordance with ISO 11929 (all parts)], is obtained from Formpla (15) for
&ﬁ =0, which yields to Formula (17):

ag =k U(0)=ky_, 'W'\/[x(rga oo >+r0B ]/tg 1o /[t +T (%) (17)

A significance level of a = 0,05 with Kl—(x =1,65 1s oIten chosen by derault.

If the alpha-beta cross-talk can be neglected, y = 0, and Formula (17) becomes similar to Formula (16).
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8.4 Detection limit

8.4.1 Detection limit of the alpha activity per unit of mass

The detection limit, aﬁ [in accordance with ISO 11929 (all parts)], is calculated as given by Formula (18):

# %
ap =dy

_ *
_aa

A significa
The detect

starting ap

(o H#
+k1—ﬁ 'u(aa )
_ (18)
2 # # 2
+k1—ﬂ '\/W I:(aa/w-"rO(x )/tg +r0(x/t0 :|'+(atx ) “Urel (w)
1CC levcl Ulrﬁ - 0,05 Wil_il kl_ﬁ —1,05 ib Ufl_ﬁll L}lUbUll b_y L‘ldeull..

on limit can be calculated by solving Formula (18) for ag or, more simply, by iteration with a

. . # _o %
proximation of a, =2-a, .

By taking gn equal significance level of « = §, then k;_, :kl—ﬁ =k, and the solutionfFormula (18) is
given by Fgrmula (19):
* 2.
a#=2 aa+(k W)/tg 19)
o L
1-k2-uZ (w)
8.4.2 Detection limit of the beta activity per unit of mass
The detectjon limit, ag [in accordance with ISO 11929 (all parts)],is calculated as given by Formula (R0):
#_ il ot
af =ajy +ky_g -d(af )

=aj
A significa
The detect
starting ap
If the alph3
By taking 3
given by Fq

2
a

20)
2

+k1—ﬂ : \/Wz{[aﬁ /W+;((rga T )+roﬂ ]/tg +1yp /ty +T(;()}+(a§ ) ~u§el (w)
hce level of = 0,05 with k1—ﬁ =1,65\is often chosen by default.

on limit can be calculated by solving Formula (20) for af; or, more simply, by iteration with a
proximation of aﬁ =2-az .

-beta cross-talk can be neglected, y = 0, and Formula (20) becomes similar to Formula (118).
in equal significance’level of a = f, then k;_, :kl—ﬂ =k, and the solution of Formula (20) is

rmula (21):
aE +(k2-w)/tg

#
B

1-k%u (w) 21)

rel

8.5 Con

The lower confidence limit,

b 3 1= ™
TUCIICC IIIIII0S

a?, and the upper confidence limit, a”, are calculated using

)

Formulae (22) and (23):

a‘=a-

a” =a+k, -u(a); qg=1-w-y/2

where w=

where @ is

ky-u(a); p=w-(1-y/2) (22)
(23)

@[y/u(y)]

the distribution function of the standardized normal distribution.
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w may be setequal to 1 if a>4-u(a), yielding Formula (24):

av” :aJ_rkl_y/2 -u(a)

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

9

Test report

(24)

The test report shall be in accordance with the ISO/IEC 17025 requirements and shall contain the

foll
a)
b)
‘)
d)

Wing imformatton:
reference to this document, i.e. ISO 18589-6:2019;
identification of the sample;

units in which the results are expressed;

testresult, atu(a) or atU, with the associated k value.

Complementary information can be provided, such as the following:

probabilities a, S and (1 - y);

the decision threshold and the detection limit; depefding 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

hccordance

with ISO 11929 (all parts)], the result of the measurement should be expressed as <d" when the

result is below the decision threshold,

— when the activity per unit of mass))a, is compared with the detection limit, the r¢sult of the
measurement can be expressedtas <a" 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 purpose;

any relevant information(Tikely to affect the results.
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A.1 Principle

A known guantity of 239Pu is added to a soil sample in an aqueous medium. Any loss in activity dur

the opera‘?r(l)n shall be taken into account.

A.2 Preparation of the spiked sample

The prepatation of the spiked sample consists of the following stages.

a) The sofl shall be prepared, following the procedure described in 1S, 18589-2.

b) Transfer an aliquot of this soil (approximately 5 g) into a beakef,)B1, whose weight is known.

c¢) Dryin|an oven at (105 + 10) °C for 1 h, leave to cool in a déessicator and determine the mass of
soil present by calculating the difference in mass, m;.

d) Add 10 ml of water and stir vigorously for 1 h until awniform solution is obtained.

e) Add by weighing a known quantity of standard 239Pu, A, and stir for approximately 1 h.

f) Heat the solution whilst stirring until the sample has solidified.

g) Desiccpte in the oven at (105 * 10) °C te.d constant mass.

h) Leave fit to cool, then pass the spiked sample through a 200 um sieve using a spatula. This is
reference soil.

A.3 Determination of-the activity of the spiked sample

To determine the activity-of the reference soil, the following operations shall be carried out.

a) Deterrhine themass of the reference soil, m,.

b) Deterrhiné the activity of the reference soil, A4, ., following the procedure in [SO 18589-4.

Annex A
(informative)

Preparation of reference measurement standards with

plutonium 239

exp’

A.4 Determination of the residual activity

—-

ng

the

the

The residual activity corresponds to the loss of activity during the preparation of the spiked sample. To
determine this activity, the following operations can be carried out.

a) Place the sieve and agitator used in beaker B1.

b) Rinse with a nitric acid solution, c((HNO3) = 4 mol/l, and retain the rinsing solution.

c) Determine the residual activity, A

10

res’

of 239Pu by measuring the a-activity of the rinsing solution.
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