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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting..-Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

G was prepared by Technical Committee ISO/TC 85, Nuglear energy, Subcommittee S
rotection.

consists of the following parts, under the general, titte Measurement of radioactivity in
t — Soil:

General guidelines and definitions
Guidance for the selection of the sampling:strategy, sampling and pre-treatment of samples
Measurement of gamma-emitting radionuclides

Measurement of plutonium-\isotopes (plutonium 238 and plutonium 239+ 240) by a
metry

Measurement of strontium 90

Measurement of'gross alpha and gross beta activities

the

ards

an

tent

C 2,

the

lpha

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=8dc30a9b49dbc41f810fb2de03fc0929

ISO 18589-6:2009(E)

Introduction

ISO 18589 is published in several parts for use jointly or separately according to needs. Parts 1 to 6
concerning the measurements of radioactivity in the soil have been prepared simultaneously. These parts are
complementary and are addressed to those responsible for determining the radioactivity present in soil. The
first two parts are general in nature. Parts 3 to 5 deal with nuclide-specific measurements and Part 6 with non-
spefific measurements of gross alpha or gross beta acuvities.

Additional parts can be added to ISO 18589 in the future if the standardization of the measurement of other
radipnuclides becomes necessary.
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Measurement of radioactivity in the environment — Soil —

Part 6:
Measurement of gross alpha and gross beta activities

1

This
emi
med
med

The)

radipnuclides present since, by convention, the same alpha counting efficiency is assigned for 3
emigsions and the same beta counting efficiency is assigned for‘all the beta emissions

2
The]
refe
doc
ISO
ISO
ISO

ISO
defi

ISO
the

Scope

part of ISO 18589 provides a method that allows an estimation of gross radioactivity of alpha
ters present in soil samples. It applies, essentially, to systematic inspections based on ¢

surement as a priority and in the specific analysis methods for impleméntation.

gross o or B radioactivity is generally different from the sum “of the effective radioactiv

Normative references
following referenced documents are indispénsable for the application of this document,
rences, only the edition cited applies. Fortundated references, the latest edition of the
iment (including any amendments) appliés;

31-9, Quantities and units — Part/9~Atomic and nuclear physics

11074, Soil quality — Vocabulary

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

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

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

- and beta-
omparative

surements or to preliminary site studies to guide the testing staff both (inythe choice of soil samples for

ities of the
Il the alpha

For dated
referenced

Helines and

selection of

3

Terms, definitions and symbols

For the purposes of this document, the terms, definitions and symbols given in ISO 18589-1, ISO 11074 and

ISO

31-9 and the following symbols apply.

m Mass of the test portion, expressed in kilograms

a Activity per unit of mass, expressed in becquerel per kilogram

Ay AB Activity of the standard in the o and 3 calibration sources, expressed in becquerel

Sample counting time, expressed in seconds

© 1SO 2009 — All rights reserved
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fy Background counting time, expressed in seconds
lsq tsp  Calibration a and B sources counting time, expressed in seconds
Fgor Tgp Gross count rate per second, from the o and B windows, respectively

roa» "o Background count rate per second, from the o and § windows, respectively

Tsor T'sp

&,

u(a)

4 Princ

Gross alpha and beta radioactivity are determined by using>gas-flow proportional counting or solid scintill3

counting on
Gross alph

relative det
source. Thq

5 Chen
5.1 Degr
5.2 Fixen

5.3 Plang

5.4 Anal

Calibration count rate per second, from the o and  windows, respectively
Counting efficiency for alpha and beta, respectively
Alpha-beta cross-talk, percentage of o count going into B window from the calibration sounce
Standard uncertainty associated with the measurement result
Expanded uncertainty, calculated by U=kou(a) with k=1, 2,..., expressed.'in becquerel
kilogram
Decision threshold, expressed in becquerel per kilogram
Detection limit, expressed in becquerel per kilogram
Lower and upper limits of the confidence interval, expresséed in becquerel per kilogram
ple

a thin layer of fine soil on a planchette. [11.[2}3]
h and beta determinations are not absolute determinations of the radioactivity of the sample

brminations referred to a specific alpha- or beta-emitter that constitutes the standard calibrg
se types of determinations are also-known as the alpha index and beta index.

ical reagents and equipment

pasing solvent.

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

ytical balance, accurate to 0,1 mg.

per

tion

but
tion

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

1) Parlodion® is an example of a suitable product available commercially. This information is given for the convenience
of users of this part of ISO 18589 and does not constitute an endorsement by ISO of this product.
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6

6.1
The
a)

b)

ISO 18589

Procedure

Preparation of sources
preparation of sources involves the following stages.

Clean the planchette (5.3) using a degreasing solvent (5.1).

-6:2009(E)

Evenly deposit a known mass of the test sample, m, prepared in accordance with ISO 18589-2 in order to

obtain the thinnest possible layer with a surface deposit below 20 mg/cm?2.

The
pre

The)

IMP

6.2

6.2.

The)
sou

The mass of the sample shall fall between the maximum and the minimum values of the calibr:
Place the planchette on a horizontal surface.
It is recommended to cover the deposit using the fixer (for example 10 ml of Rarlodion® dis
130 mm test dish) and leave it to evaporate at ambient temperature (take the-same quantit
used to prepare the standard sources). The purpose of this operation is to permanently fix a
the surface of the sample on the planchette.

source is ready for the determination of the gross alpha and gross beta radioactivity in
iously calibrated measuring equipment.

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

ORTANT —

the deposit tend to underestimate the gross’radioactivity, especially the alpha radioacti

It is difficult to prepare thin sources with a uniform thickness, which shall be constan
preparation to another.

Calibration

1 Principle

counting efficiency~and associated uncertainty are determined using soil reference
rces [4115116] prepated by

metrological bodies using the reference soil supplied;
the laberatory using soil of the same nature as the soil being analysed, whose homogeneit

thoroughly evaluated. These soils become reference soils after spiking, separately, with calib
and ‘beta solutions with sufficient activity to allow the activity of the natural or artificial ra

ation curve.

solved in a
of fixer as
thin film on

dices using

The self-absorption phenomena that depend.on the matrix constituent as well as the thickness of

vity.

t from one

calibration

y has been
rated alpha
dionuclides

PR HIr | ) 2.0/ £l Foye | sttt £ H
MICSTTIU T UTT SUINIU TTPUITOSTIIL ITOoS Uidall £ /70 UT T tULldl aULVILy TIT UTT TTITTTTILT SUIS.

Among the standard solutions available for artificial alpha-emitting radionuclides, 241Am and 23%Pu are
commonly selected. When 239%Pu is used, it is necessary to take into account the presence of the 241Pu
impurity. Among the standard solutions available for artificial beta-emitting radionuclides, 90Sr+90Y s
commonly selected. Finally, among the natural standard solutions, U, and 40K are commonly selected.

An example of the method of the preparation of sources calibrated with plutonium to measure the gross
a-radioactivity is given in Annex A. A similar procedure may be implemented by spiking.

The

calibration sources shall be stored in a desiccator due to the hydrophilic nature of the soil.

© 1SO 2009 — All rights reserved
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It is advisable to choose the alpha and beta windows so that the beta-alpha cross-talk is close to zero. Then it
is sufficient to consider only the alpha-beta cross-talk correction factor. If this cannot be done, it is necessary
to consider both the alpha-beta and the beta-alpha cross-talk correction factors.

6.2.2 Procedure

6.2.2.1

Beta calibration

The procedure for calibrating the counters is as follows.

a) Depositathintayerofthereference-soit-foltowing-theproceduregivenin6-4+-

b) Select fhe width of the alpha and beta windows.

c) Select 54 to collect at least 10* counts in the beta window.

d) Deternjine the count rate of the calibration source in its window.

e) Verify that the count rate in the alpha window is zero or compatible with the eguipment background cpunt
rate.

f) Calculgte the counting efficiency of the counter, dividing the recorded/count rate by the activity of| the
calibrafion source as given by Equation (1):
ep = (b —rop ) /4p (1)

6.2.2.2 Alpha calibration

The procedpre for calibrating the counters is as follows.

a) Deposit a thin layer of the reference soil following the procedure given in 6.1.

b) Select fhe width of the alpha and beta windows.

c) Select fhe r,, to collect at least 104 counts in the alpha window.

d) Deternjine the count rate ofthe’calibration source in its window.

e) Calculate the alpha-beta)cross-talk correction factor, y, as given by Equation (2):
X =Tsdp/Tsa )
where 5, "5g 'is the count rate in the beta window when the alpha calibration source is measured.

f)  Calculate the counting efficiency of the counter by dividing the recorded count rate by the activity of the

calibration source as given by Equation (3):

o :(rsa _rOoc)/Aoc

6.3 Calibration curves

®)

In general, it is difficult to produce a sample source identical to the calibration source. 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 alpha counting.

© 1SO 2009 - All rights reserved
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6.4 Background determination

Measure the background using a planchette prepared in a manner similar to that for the sample source. Let
the measured count rates be r(, and rgg.

6.5 Measurement

The alpha and beta activities per unit mass are estimated by counting the sample source for an appropriate
time.

The _same pquipmpnf conditions should be used for the Qamplp the harkgmund and the calibration source
measurements.

The| counting time depends on the sample and background count rates and the requiredcdetectipn limit and
dec|sion threshold.

¥,

ga fiNd rgg are corrected for the background contribution and 4 for the alpha-beta cross-talk conttibution.

7 |Expression of results

7.1| Activities per unit mass

7.1/1 Calculation of alpha activity per unit of mass

The| gross alpha activity per unit of mass, «, is calculated-as'given by Equation (4):

_ Tga ~10a _
) Vo) @
1
h =
whgre w - Ea(m)

7.1.2 Calculation of beta activity per unit of mass

Thel gross beta activity per-unit'of mass, ag, is calculated as given by Equation (5):

_ Tgp ~Top ‘Z(rga ‘rOa)
B msﬁ(m)

ap :[rgB ~rop = 2 (rga —Voa)]w (®)

whdre w=

If the alpha-beta cross-talk can be neglectied, y = U, and Equation (5) becomes similar 1o Equation (4).
7.2 Standard uncertainty

7.21 Standard uncertainty of the alpha activity per unit of mass

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

u(aa) = \/w2 «|:u2(rga)+u2(roa)]+aa2 -urze|(w) = \/W2 -(rga ltg+rgy /t0)+a§ -urze|(w) (6)

where the uncertainty of the counting time is neglected.

© 1SO 2009 — All rights reserved 5
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The relative standard uncertainty of w is calculated as given by Equation (7):

u2y () = ul [ 2 (m) ] +u2y (m)

and the relative standard uncertainty of ¢, is calculated as given by Equation (8):

2
Ureg| [goc

(’”)J = ufy (7sa —70a )+ u3 (44)

:(rson/tsoc +r0(x/t0)/(rsot _r0(x)2 +”|’28| (AOL)

()

(8)

2
Urg|

the prepara

The calculs
standard ur

u(aa

~—

(Aa) includes all the uncertainties related to the calibration source, that is, in the standard solution

ion of the calibration source.

tion of the characteristic limits (see 1SO 11929 [8]) requires the calculation of i(ay); i.e.,
certainty of a,, as a function of its true value, calculated [’] as given by Equation (9):

= \/WZ -[(ﬁa/w—i- ’”Oa)/tg +r0a/t0]+

52 ~urze|(w)

7.2.2 Standard uncertainty of the beta activity per unit of mass

According
and (11):

u(ap)
where

T(x)

where the U

The relative
2

Urgl (W

The relative
2

Urgl |:5L

The relative

o ISO/IEC Guide 98, the standard uncertainty of ag is calculated as given by Equations

:\/Wz[(rgB/’g+FOB/’0)+T(Z)J+a§ ‘”r2e|(W)

7

2
ga_r0a) ”2(7()+12(rga/tg+r0a/t0)

(

ncertainty of the counting time is neglected.

standard uncertainty of w is calculated as given by Equation (12):
2 2
= Urgl |:5B (m)] Tl (m)

standard uncertainty-of &; is calculated as given by Equation (13):

(m)] = urze| (Vs[i - roﬁ)+urze| (AB) = (rSB/tSB + VOB/tO )/(’”SB - rOB)z + urze| (AB)

standard uncertainty of y is calculated as given by Equation (14):

u(z)=

For the calculation of the characteristic limits (see ISO 11929), one needs u

uncertainty

()

ap

<

and

the

9

10)

10)

11)

12)

13)

OB T/ P

Y

of a5 as a function of its true value, calculated [7] as given by Equation (15&:

\/WZ {[dﬁ/w+ Z(”ga _”ch)"‘rOBJ tg+ 108 /to +T(;()} +d§ -urzel(w)

14)

a ) i.e., the standard

(15)

If the alpha-beta cross-talk can be neglected, y=0, and Equations (10) and (15) become similar to
Equations (6) and (9).

© 1SO 2009 - All rights reserved
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7.3 Decision threshold

7.3.1 Decision threshold of the alpha activity per unit of mass

The decision threshold, a; (see 1SO 11929), is obtained from Equation (9) for a, =0, which yields
Equation (16):

Cl; = k17a I:Z(O) = k17a “W- H"Oa/l‘g +r00t/t0 (16)

a=0,05 with kq_, =165 is often chosen by default.

7.3.2 Decision threshold of the beta activity per unit of mass

Thel decision threshold, a[; (see 1SO 11929), is obtained from Equation (15) for (@3°=0, which yields
Equation (17):

4 = kp_q i1(0) =Ky g «wo\/[/}_/(rga ~roa )+ o | g + r0p /0 + T () (17)
a=[0,05 with k4_, =165 is often chosen by default.
If the alpha-beta cross-talk can be neglected, y = 0, and Equation (1%) becomes similar to Equation (16).
7.4| Detection limit

7.41 Detection limit of the alpha activity per unit of-mass

Thel detection limit, a§ (see 1ISO 11929), is calculated as given by Equation (18):
#_ x S #
ag =aq +kig -u(aa)
2
* 2(( # # 2
=ay +ki_p -\/w [(aa/w+roa)/tg +r0a/l0]+(aa) '”rel(W)

B=P,05 with k4_z =1,65 is gften’chosen by default.

(18)

The detection limit canCbg” calculated by solving Equation (18) for az or, more simply, by iteration with a

starfing approximation-of az =2-a,.

By tgking o = g, then ky_, = ki-p =k, and the solution of Equation (18) is given by Equation (19):

2-a’0kL +(k2 -w)/tg
4s 1-k? -urze|(w) 1o

104

7.4.2 Detection limit of the beta activity per unit of mass
The detection limit, aﬁ (see 1ISO 11929), is calculated as given by Equation (20):
#_ - #
Clﬁ :aﬁ+k17ﬁ~u(aﬁ)

=a§ +k1_ﬂ- \/Wz {[aglw+;((rgq —roa)+r0ﬁ]/lg +r0ﬁ/t0 +T(;()}+(a§)2 ~ur26|(w)

(20)

B=0,05with k4_gz =1,65 is often chosen by default.

© 1SO 2009 — All rights reserved 7
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The detection limit can be calculated by solving Equation (20) for “B or, more simply, by iteration with a

starting app

If the alpha-

By taking a =

2.
#

roximation of “B =2 “B
beta cross-talk can be neglected, y =0, and Equation (20) becomes similar to Equation (18).

B, then ky_, =ky_g =k, and the solution of Equation (20) is given by Equation (21):

aE +(k2 -w)/tg

LZB:

1-k?

”rel( )

(21)

7.5 Con]idence limits

The lower
and (23):

where o =

where @is

wmay be s

7= 0,05 wit

8 Testli

The test re
information
a) referen
b) identifi

C) unitsin

confidence limit, «“, and the upper confidence limit, «”, are calculated using Equations

—kp ~u(a); p:a)~(1
u(a);

p[y/u(y)]

he distribution function of the standardized normal distribution.

-7/2)

t+hy - g=1-w-y/2

bt equal to 1if @ > 4-u(a), yielding Equation (24):

@t ki_y - u(a)

N k1,2 =196 is often chosen by default.

eport

pbort shall be in accardance with the ISO/IEC 17025 requirements and shall contain the follo

ce to this part©f 1SO 18589;
ation of the sample;

which the results are expressed;

(22)

24)

ving

d)

test result, a +u(a) or a+U, with the associated & value.

Complementary information can be provided, such as the following:

probab

ilities «, Band (1 — »);

ways to present the result:

the decision threshold and the detection limit; depending on the customer request, there are different

— when the activity per unit of mass, «, is compared with the decision threshold (see ISO 11929), the
result of the measurement should be expressed as <a when the result is below the decision
threshold;

© 1SO 2009 - All rights reserved
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— when the activity per unit of mass, Cald is compared with the detection limit, the result of the
measurement can be expressed as < 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 likely to affect the results.

© 1SO 2009 — All rights reserved 9
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Annex A
(informative)

Preparation of calibration sources with plutonium 239

A.1 Principle

A known thAantity of 239Py is added to a soil sample in an aqueous medium. Any loss in activity ddring the
operation shall be taken into account.

A.2 Preplaration of the spiked sample

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

a) Preparg the soil, following the procedure described in ISO 18589-2.

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

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

d) Add 10 ml of water and stir vigorously for 1 h until a uniform-'solution is obtained.
e) Add bylweighing a known quantity of standard 239Pu;, Ay, 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 to 'a-constant mass.

h) Leave |it to cool, then pass the spiked sample through a 200 um sieve using a spatula. This is| the
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) Deternline thesmass of the reference soil, m,.

b) Deternjingithe activity of the reference soil, 4 following the procedure in ISO 18589-4.

exp’

A.4 Determination of the residual activity

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

res’
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