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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, Rart2.
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.

3 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
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Introduction

This International Standard is published in several parts to be used 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 soils. The first two parts are general in nature. Parts 3 to 5 deal with radionuclide-specific
megsurements and Part b with non-speciiic measurements of gross alpha or gross beta actvities.

Additional parts may be added to ISO 18589 in the future if the standardization of the measuremgent of other
radipnuclides becomes necessary.

© 1SO 2007 — All rights reserved
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Scope

part of ISO 18589 specifies the identification and the measurement of the“activity in soils
ber of gamma-emitting radionuclides using gamma spectrometry. This non-destructive methogd
rge-volume samples (up to about 3 000 cm3), covers the determination in“a single measuremg
hitters present for which the photon energy is between 5 keV and 3 MeV«

brity of radionuclides is characterized by gamma-ray emissionbetween 40 keV and 2 MeV.

part of ISO 18589 is suitable for the surveillance of thé. environment and the inspection o
Vs, in case of accidents, a quick evaluation of gamma activity.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies:-For undated references, the latest edition of the
iment (including any amendments)-applies.

31-9, Quantities and units — Rart 9: Atomic and nuclear physics

10703, Water quality — Determination of the activity concentration of radionuclides — Met
lution gamma-ray spectrometry

11074, Soil quality>— Vocabulary
IEC 170255-General requirements for the competence of testing and calibration laboratories

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

of a large
, applicable
ent of all the

part of ISO 18589 can be applied by test laboratories performing, routine radioactivity measur¢ments as a

a site and

For dated
referenced

hod by high

Helines and

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

Guide to the expression of uncertainty in measurement (GUM), BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/OIML
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3 Terms, definitions and symbols

For the purposes of this document, the terms, definitions and symbols given in ISO 18589-1, ISO 11074,
ISO 31-9 and ISO 10703 and the following symbols apply.

m Mass of the test portion, in kilograms
A Activity of each radionuclide in the calibration source, at the calibration time, in
becquerel
a, ag Ar‘ﬁ\/i’ry in hp(‘qnprpl per kilngmm per unit of mass of each radionuclide without and
with corrections
Iy Sample spectrum counting time, in seconds
Iy Ambient background spectrum counting time, in seconds
g Calibration spectrum counting time, in seconds
nNEs "NoEp INs,z | Number of counts in the net area of the peak, at energy, E, in thie sample spectrum, in
the background spectrum and in the calibration spectrum, respéectively
ng e, ngo,e| ngsr | Number of counts in the gross area of the peak, at energy;-£, in the sample spectrum, in
the background spectrum and in the calibration spectrum, respectively
Ny g5 Mp0,E| Mbs,E Number of counts in the background of the peaky.at energy, E, in the sample spectrum,
in the background spectrum and in the calibration spectrum, respectively
&g Efficiency of the detector at energy, E, with\the actual measurement geometry
Pr Probability of the emission of gamma(radiation with energy, E, for each radionuclide, per
decay
H(E), po(E) Linear attenuation coefficient:at-photon energy, E, of the sample and calibration sourge,
respectively, per centimetre
Hm i (E) Mass attenuation coefficient, in square centimetres per gram, at photon energy, E, of
element i
h Height of the.sample in the container, in centimetres
w; Mass fraction of element i (no unit)
P Bulkdensity, in grams per cubic centimetre, of the sample
A Decay constant of each radionuclide, per second
u(a), u(ag) Standard uncertainty, in becquerel per kilogram, associated with the measurement
result, with and without corrections, respectively
U Expanded uncertainty, in becquerel per kilogram, calculated by U = k~u(a) with
k=1,2, ...
a*, a; Decision threshold, in becquerel per kilogram, for each radionuclide, without and with
corrections, respectively
a#, ae Detection limit, in becquerel per kilogram, for each radionuclide, without and with
corrections, respectively
a®,a” Lower and upper limits of the confidence interval, for each radionuclide, in becquerel per
kilogram
2 © 1SO 2007 — All rights reserved
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4 Principle

The activity of gamma-emitting radionuclides present in the soil samples is determined us

-3:2007(E)

ing gamma

spectrometry techniques based on the analysis of the energies and the peak areas of the full-energy peaks of

the gamma lines. These techniques allow the identification and the quantification of the radionuclid

es 1. [2],

The nature and geometry of the detectors as well as the samples call for appropriate energy and efficiency

calibrations [31. [4]: [5]. |f well-type detectors are used to measure small-mass samples, it is necess

special care to consider coincidence and summation effects (see 8.1.4).

NOTE Sodium _iodide detectors can be used for the measurement of radioactivity in_soil only in ¢

ary to take

ertain cases.

Thetefore, this part of ISO 18589 deals exclusively with gamma spectrometry using semiconductor detectors.

Gamma-spectrometry equipment

Gamma-spectrometry equipment generally consists of

a semiconductor detector with a cooling system (liquid nitrogen, cryogenic:assembly, etc.),
a shield, consisting of lead and/or other materials, against ambient radiation,

appropriate electronics (high-voltage power supply; signal-amplification system; an analog
converter),

a multi-channel amplitude analyser,
a personal computer to display the measurement\spectra and to process the data.

The
and
with
inte
mesa
ene

semiconductor detectors generally used aremade of high-purity germanium crystals (HP Ge
geometry of these detectors determine*their field of application. For example, when detect
an energy below 400 keV, the use of-detectors with a thin crystal is recommended in o
ference from high-energy photons~However, it is better to use a large-volume, P-type coaxia
sure high-energy photons (above~200 keV) or an N-type coaxial detector to detect both low
gy radiation.

At the level of natural radioactivity, it is advantageous for the measurement to use an ulf
megsuring instrument, i.e( @ set-up arranged with a choice of materials for the detector and sh

ue-to-digital

). The type
ng photons
der to limit
detector to
- and high-

ra-low-level
ielding that

guafantees a very low packground level. This includes very low-noise electronic preamplifiers and amplifiers.

Thel shielding case sheuld be large enough to allow sufficient distance from all walls and the detec
the centre of the case, when 1-I samples are inserted. This allows the use of a room with a very
actiyity of building.materials and a very low radon concentration in the room air to be chosen. It i
ere¢t the measuring instruments in the middle of the room with the maximum distance available

Dewar vessel of the detector arrangement can be passed p

ermanently into the shielding.

The main characteristics that allow the estimation of a detector performance are as follows:

a) energy resolution (total width at half maximum of the full-energy peak), which enables the
separate two neighbouring gamma peaks;

b) absolute efficiency, which specifies the percentage of photons detected in the full-energy pea
the number of photons emitted;

c) peak-to-Compton ratio.

© 1SO 2007 — All rights reserved
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Depending on the required accuracy and the desired detection limit, it is generally necessary to use high-
quality detectors whose energy resolution is less than 2,2 keV (for the €0Co peak at 1,332 keV) and with a
peak/Compton ratio between 50 and 80 for 137Cs.

Some natural radionuclides, e.g. 210Pb and 238U via 234Th, can be measured only via gamma lines in the
energy range of 100 keV. In this case, the use of an N-type detector is recommended. Low-energy, low-level
detectors offered by manufacturers have been optimized for this purpose and can additionally be used in other
areas of environmental monitoring, e. g. for measurements of 129 and 241Am in samples from the vicinity of

nuclear faci

lities.

The computer, in combination with the available hardware and software, shall be carefully selected (6] [7], 1t is

recommend

Comparison with a certified reference material is recommended to check the performance of theappara

Participatio
performanc

ed that the results of the computer analysis of the spectrum be visually checked regularly.

N in proficiency and inter-laboratory tests and inter-comparison exercises can also help.to verify
b of the apparatus and the status of the analysis [101 [11],

tus.
the

6 Sample container

Measuring gamma radioactivity in soils requires sample containers that are stited to gamma spectrometry.
These contginers should have the following characteristics:

— be made of materials with low absorption of gamma radiation;

— have vplumes adapted to the shape of the detector for maximum-efficiency;

— be watertight and not react with the sample constituents;

— have a|wide-necked, airtight opening to facilitate filling;

— be unbfeakable.

In order to|verify easily that the content of the container conforms to the standard counting geometry, a
transparent|container with a mark to check:the filling can be selected.

7 Procedure

7.1 PacKaging of samples for measuring purposes

The soil semples packaged for gamma spectrometry measurements are usually dried, crushed, |and

homogenizg¢d in accordance with ISO 18589-2.

The procedpure-shall be carried out as follows.

a) Choose the container that is best suited to the volume of the sample so as to measure as much material
as possible. To decrease self-absorption effects, the height of the contents should be minimized.

b) Fill the container to the level of the volume mark. It is recommended to use a mechanical filling device (for
example, a vibrating table) to pack the sample to avoid any future losses in volume.

c) Note the sample mass. This information is useful when using the measurements to express the result as
specific activity and when carrying out self-absorption corrections.

d) Visually check the upper level of the sample and make sure that it is horizontal before measuring. Where
applicable, add more material to the sample until the mark has been reached and adjust the noted
sample mass accordingly.

4 © 1SO 2007 — All rights reserved
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e) Hermetically seal the container if volatile or natural radionuclides are being measured.

f)  Clean the outside of the container to remove potential contamination due to the filling process.

If measurements are required quickly, the processing method described in ISO 18589-2 can be ignored. This
shall be mentioned in the test report and the results cannot be expressed in becquerels per kilogram of dry
soil.

When measuring Rn-222 via decay products of Ra-226, the sealed container shall be stored long enough to

allow radioactive equilibrium to be reached.

7.2| Laboratory background level

As 5
sani
the
Furt

ome radionuclides found in the soil (see Annex B) are the same as in building materials, the d

Hetector in a 10 cm thick, low-background lead case wall. Reduction of radon inside’the shield
her information is given in references [11 [2],

The)
wall

natural radionuclides and their decay products occur widely and with largeconcentration rang
5, ceilings, the air of the measuring rooms and in the materials of which-detectors and shielding

The)
the
con
Thig

re are isotopes of the decay chain of the rare gas radon, whose gmanation from the materials
measuring instruments depends on various physical parameters. Thus, large fluctuati
Centration of radon and of the decay products can occur in régm air and in the air of the detect
is a particular problem in basements of old buildings with.defective floors.

The
posgible by appropriate measures. This includes vacuuming the shielding and removing the dust
Frequent measurements of the background levelspermit the verification of its stability. This is

etector and

ple shall be adequately shielded against natural background radiation. Frequently, it is suffici¢nt to shield

s desirable.

es in floors,
are made.

surrounding
ons in the
br shielding.

background of the measuring instruments shall be.kept as low as possible and, in particular, as stable as

by filtration.
necessary

becpuse the peaks of the background spectrum shall be subtracted from those of a sample spectrdm.
7.3| Calibration
7.3.1 Energy calibration

Endrgy calibration is carried .out/using sources of a radionuclide with different emission lines (1
1528 4) or sources containing-a mixture of several radionuclides. This calibration allows the estat
the | relationship between  the channel numbers of the analyser and the known ene
photons [12]. [13], 141 Generally, this task is carried out with appropriate software, which uses t
spegtra to automatieally convert the channel scale of the multi-channel analyzer into a photon e
and|to record the useful information necessary for future analyses. By using the energy calibrat
the [full-width at’half the maximum of the full-energy peaks can be determined as a function of
enefgy. Thisinformation is usually required by the spectrometry analysis software.

Furfher information is given in ISO 10703 and References [8] and [9].

or example
lishment of

;Lgy of the

e standard
hergy scale
on spectra,
the gamma

7.3.2 Efficiency calibration

Efficiency calibration is carried out either via ab initio calculations of the detector efficiency using transport
theory and Monte Carlo techniques (not covered in this part of ISO 18589) or by using a radionuclide source
having different emission lines or a mixed-radionuclide source. This calibration allows the establishment of the
detection efficiency of the detector as a function of the energy of the radiation.

When using a radionuclide source with different emission lines for calibration, summation effects or
coincidence losses should be taken into account.

© 1SO 2007 — All rights reserved
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The sample measurement shall be performed with the same measuring conditions as used for calibrating the
gamma spectrometry system. In particular, the settings of the electronics (gain and high voltage), the
measurement geometry, the position of the source in relation to the detector and the sample and standard
matrices shall be identical.

For this purpose, a calibration source should have the same physical and chemical properties as the sample.

It may, for instance, be produced by spiking an appropriate sample of soil.

With these conditions, the efficiency at energy E shall be calculated as given in Equation (1):

n

Iel?/te

&g =

For an undi
given in Eq

fINs E 7
When the g
the conditig

applied.

Further infoj

7.4 Measurements of and corrections for natural radiontclides

If activities

evaluating their activities shall be corrected for the background contribution of those same radionuclides in

the detecto
measuremg

Special ady

spectroscopic interferences is given in Annex B,

The gamm

also interfeTe

8 Expre
8.1 Calc

8.1.1 Gen

A‘PE

sturbed peak at an energy E, the count, nyg g, in the net-peak area of a y-spectrum is-caleulate
hation (2):

F gs,E ~ bs,E

hysical and chemical nature of the sample (chemical composition, bulk-density) is different
ns of the efficiency calibration, a correction for the self-absorption of'\gamma radiation shoul

rmation is given in ISO 10703 and References [8] and [9].

of natural radionuclides in the soil are being measured, the areas of full-energy peaks useq

shielding, taking into account potential differences of the duration of the sample and backgrg
nts.

ice to take into account during the measurement of natural radionuclides in soil and informatio

ray of the radionuclides in-the' background and/or of natural radionuclides inside the sample
with measurements of artifiCial radionuclides and can require appropriate corrections.

ssion of results
ulation of the activity per unit of mass

eral

ive

i as

()

for
side
und

non

can

nar nit Af oo aof aach-radiaonelidenroacentin-tha camnla ic obhtainad fram tha At ~A

unt,

The activity

POt O TS Sy ;O CcaCi T aurormaCiaC—oTrCc STt T triC—oar ot To oot C U T o T oo T OO

ny g » from the peak of an individual y-line without interference using Equation (3):

a =
Pg
where

JE

Eg-m- g

is the correction factor considering all necessary corrections according to Equation (4):

fE :fd 'fatt,E ’fcI,E ’fs,E

®)

(4)
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where

fd is the factor to correct for decay for a reference date;
fatt g is the factor to correct for self-absorption;
fag i the factor to correct for coincidence losses;

fsg isthe factor to correct summing-up effects by coincidences.

For
Equ

Thu

8.1
Dep

by /
refe]

8.1.
Mesd
diffe
resy

Diff

For

.2 Decay corrections

an undisturbed peak with energy, £, the count, ny z, in the net-peak area of a y-spectrum/is 'c
ation (5):

nN,E = Ng,E ~NpE
5, Equation (3) can be expressed as given in Equation (6):

nnglt Ngp—N ] 1
Pp-cgp-m-fp Pp-ep-m-fp-i4 Pp-eg-m-fg

ending on the half-life of the radionuclide being measured) the activity per unit of mass shall b
. To take into account the radioactive decay duringdhe counting time and during the time [
rence instant (¢ = 0) and the measuring instant (¢ = ), f4 shall be calculated by Equation (7):

B Self-absorption correction
surement of radioactivity in spils by gamma spectrometry can involve a calibrated source wha
rent from that of the sample being measured. In this case, a correction factor should be ap
It obtained. The lower(the radiation energy, the larger the correction factor.

brent techniques-may be used to determine this correction factor:

mathematical calculation that takes into account the chemical composition and bulk density of]

blculated by

(5)

e corrected
etween the

(7)

se matrix is
plied to the

measurement of the attenuation coefficient of gamma radiation in the sample material at a givgn energy;

the sample.

cylindrical sample containers at the level of the detector, the value of the attenuation corre

ction factor,

Jfatt, ;» May be estimated using Equation (8):

a(E)- (17151 )

(E)- (1= #2EHY)

Sat g =

where X is the average path length, expressed in metres, of the gamma photons in the container.
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The linear attenuation coefficient, u(E), depends on the photon energy, bulk density, chemical composition of
the sample and expresses the exponential decrease of the flux density of gamma rays with distance. It may
be calculated using Equation (9):

U(E) =

lzwiﬂm,i(E):l 1%

©)

As an approximation and for soils of the same nature, the linear attenuation coefficient, x(E), can be obtained
directly by multiplying the mass attenuation coefficient by the density.

8.14 Sur]\mation effects or coincidence losses corrections

For radionu

especially gt high counting efficiencies.

These corrgctions are important for point as well as thin source samples measured very, close to the dets

surface; th
distance.

Most of the
Carlo techr
difficulties
specific situ

Some of th
detector po

a) Prepar
E, sha
energe
samplg

clides with cascade transitions, counting losses due to coincidence summing are to_be|expegd

by are specific for each radionuclide, detector, measuring geometry and-sample-to-detq

theoretical methods for such calculations are related to the use of transport theory and Mg
iqgues (Geant, EGSnrc, MCNP, Penelope, etc.; see References'[18], [19], [20], [21]); given
hssociated with modelling detectors, some experimental procedures can be applied for 4
ation.

ese experimental procedures use data from specializéd” literature, but given the wide rang
5sibilities and measuring conditions, direct measuremeént as given in a) to ¢) below can be mad

P a source containing the multi-line photon-emitting radionuclide whose correction factor at eng
| be calculated along with another radionuclide emitting at a similar energy, E', which is m
tic or has negligible summing correctionscThe geometry shall be the same as that used forn
source.

b) Make
betwe

c) Make
peak ¢
T
ANLE »

The relatio
the summi

measurement with this source at a'large distance from the detector. Calculate the relation
n the net peak counts at energies-E and E'.

measurement with the sample in the normal measuring position. The relationship between thg
unts at energies E and, E“is similar to that calculated above and the theoretical net peak coy
t energy E can be estimated.

ship between the theoretical net peak counts, nﬁE, and the measured net peak counts, ny f

g correction factor for energy E of the multi-line photon emitting radionuclide that shall be api

ted,

ctor
ctor

nte-
the
ach

of

[

ray,
bno-

the
ship

net
nts,

, is
lied

inty

According to GUM, the standard uncertainty of « is calculated by Equation (10):

@)= [ 1g)? [P (g )+ ) |+ 0 -uy ()

where the uncertainty of the counting time is neglected.

The relative standard uncertainty of w is calculated by Equation (11):

“rZeI(W)

= uy(Pg )+ uzy(m) + uly(ep )+ u(fi)

(11)
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Taking Equation (1) into account, the relative standard uncertainty of & is calculated by Equation (12):

2 2 2 2 2 2 2
urel(€g) = “rel(”Ns,E )+ tre)(A) + ure) (Pg) = ”rel(”gs,E ~Nps E )+ ure)(A) +ure (P )

(12)

where u.(4) includes all the uncertainties related to the calibration source: standard certificate, preparation
of the calibration source.

For the calculation of the characteristic limits (see 1ISO 11929), it is necessary to know u(a), i.e. the standard
uncertainty of a as a function of its true value. For a true value a, from ngp =a-1q/w+nyp and with
uz(no) = n,, one obtains Equation (13):

The
the

hen
and
bac
equ

8.3

The
Equ

8.4

The)

B =

The)

t Iw)-a+nyp+u (nbE)J “uly (w)

u(a)= \/(w/t

uncertainties u(ny), u(n ), and u(n,,) shall be calculated in accordance with GUM,\taking into
individual counts, #;, in channel i of a multi-channel spectrum are the result{ef-a Poisson
ce u?(n;) = n; holds. The values of ny, 1y, @nd n, and their associated standard uncertainties
u(n,) may be calculated with a compu er program. Since there are varigus methods of sub
xground below a peak in order to derive the number of counts in the netpeak area, no generall
htion can be given. An example of the simple case of linear background-subtraction is given in

Decision threshold

decision threshold, «* , is obtained from Equation(13) for =0 (see 1SO 11929).

ation (14):

by g 11(0) = ky_g - (wltg )an‘E +u?(ny )

0,05 and k4_, =1,65 are often chosen by-default.

*
a

Detection limit
detection limit, «* | is calcufated by Equation (15) (see ISO 11929):

a* =a* +ki_p “i(a)

=a" +ki_p -\/WZ [(a#/w+ ”b,E/tg)/tg +u2(nb7E)/t§}+a#2 -ué(w)

0,05 and. k4_s =165 are often chosen by default.

#

detection limit can be calculated by solving Equation (15) for ¢™ or, more simply, by iterat

(13)

ccount that
rocess and

pi(ny), u(ng)
tracting tfg1e
y applicable
Annex A.

This yields

(14)

(15)

on, starting

wit

. . 3
the apnroximation g™ —2 .4
Ll )

By setting o = g, then k4_, = kip =k and the solution to Equation (15) is given by Equation (16):

2-a*+(k2.w)/t
1-k2 42 (w)

rel

g

a
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8.5 Confidence limits

The lower, a“, and upper, «” , limits of the confidence interval are calculated using Equations (17) and (18),
respectively (see ISO 11929):

<
a =a

>
a =a

—k, -u(a) where p=w-(1-y/2)

+k, -u(a) where g =1-w-y/2

(17)

(18)

where o =

If a>4-u(d

y=0,05 and ky_,» =196 are often chosen by default.

8.6 Corr
8.6.1 Gen
In gamma 4
a) The g
anothe
contrib
gamma
b) The ga
By me

For both ca

ag = (1

where x is

For the both types ofcContributions, this model gives the necessary correction.

8.6.2 Con

144 [_)///M<_y)] y $ IUUiI LL®) t; Ic diatl i'uutiun ful Ibt;UII Uf ti 1< btal Idal UI;LUUI TTOTTI |ai Ulibtl ;ILJUtiUI 1.
), @ may be set equal to 1 and Equation (19) applies:

(% k1 -u(a)

pctions for contributions from other radionuclides and background
eral

pectrometry, it is frequently necessary to correct for twoitypes of contributions.

mma line of the radionuclide being determined ceontains contributions from gamma radiatio
I radionuclide in the sample. The contributing radionuclide has another gamma line from which
Lition to the line in question can be estimated-taking into account the emission probabilities of
lines.

mma line of the radionuclide being determined occurs also in the background of the spectrom

5es, the activity per unit of mass can be calculated using a model given in Equation (20):
NE g =X nNo g o) W

a factor that is @ function of the type of correction.

tribution from other radionuclides

19)

n of
the
the

bter.

asuring a background spectrum without a sample for a counting time, #;, this contribution can be
corrected, taking into account the different counting times for the two spectra.

20)

The gamma line being corrected at the energy, £, has the net peak area, ny g, . The contribution of the
radionuclide is calculated using the ratio of the contributing radionuclide for gamma energy, E,. Equation (20)
gives the necessary correction with x = P, - &1 /PEz -&p and tg =14. This yields Equation (21):

ag =(nNg, =X nNE, ) Wi ig

Neglecting the standard uncertainty of x, the standard uncertainty of a, is calculated from Equation (22):

u?(ag)

10

2 2 2 2 2 2
:(W/tg) {ng,E»] +u (nb,E1)+x |:ng,E2 +u (nb,E2 ):|}+ac '”rel(w)

(21)

(22)
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and with a true value 4, of a., Equation (23) can be derived:

i%(ag) = (wlty)? {dctg Iwnp g, +u?(ng g, )+ x(ng g, = gy )+ x° [ng,Ez +u?(ny g, )J} +a.2 udy(w) (23)

Then, the decision threshold, a.*, is given by Equation (24):

ac” =k, '(W/fg)'\/”b,E1 +“2(”b,E1)+x(”g,E2 —nb’E2)+x2 [”g,Ez +”2(”b,E2 )J (24)

and|the detection limit, af, by Equation (25)

af =a;+ k1ﬁ\/(w/tg )2 {aftg w4+ Yy +u2(nb‘E1 )+ x(ng‘E2 — b £, )+ x? [ngﬁ2 +”2(nb,E2 )J} + afzurzm(w)
(25)

The detection limit can be calculated by solving Equation (25) for af or, more simply, by an iterafion starting
with{ the approximation a¥ =2-a.

By getting « = g, then ky_, = k1_z =k and the solution to Equation (25)is given by Equation (26)

2-ag + (k2 w)/ig

(26)

ac=

2 2
1-k=-u rel (W)
8.6.3 Contribution from background

of the gamma line in the background spectrum and ¢, is the counting time of the background spgctrum. This

In tiis case, Equation (20) is used for the correction by setting x =1 and u(x)=0. nyg 5 is the net peak area
yields Equation (27):

ac Z(nN7E/Ig—nN0‘E/l‘0)'W (27)
The{ standard uncertainty of 4 iscalculated by Equation (28):
u?(ag) = w?(ng g5 ngo g 11§ +u?(np )15 +uP(npg p)115) + aZ -ufgy (w) (28)

and|with a true yalue a; of a;, Equation (29) is obtained:

S

25, J=w? {&c Jtgw+ |:nb’ g +u?(my g )] / 12 +|:n90’ 5+ u? (o g )]/tg + (0.2~ nboe /totg} tafu2,(w) (29)

Then, the decision threshold, a.*, is given by Equation (30):

ag =kiq 'W’\/[”b,E +u?(np g )J/fé + |:”90,E +u?(npo g )J/fg +(ngo,z = npo,x)/tolg (30)

and the detection limit af by Equation (31):

# * 2) # 2 2 2 2 #2 2
ag =ag +k1ﬁ\/w {ac /tgw-i-[nb‘E +u (”b,E)}/tg +[n907E +u (nbO,E)J/IO +(ngo g _”bO,E)/totg}"‘ac g1 (W)

(31)
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The detection limit can be calculated by solving Equation (25) for af or, more simply, by iteration with a

starting approximation af = 2-az.

When takinga = 8, then kq1_, = k4_g =k and the solution of Equation (31) is given by Equation (32):

2-aé +(k2 ~w)/tg
1-k? -u? (w) (32)

rel

acz

The limits of the confidence interval are calculated according to Equations (17) and (18).

9 Test report

The test regort shall conform to ISO 17025 requirements and shall contain the following information:
a) reference to this part of ISO 18589;

b) identifi¢ation of the sample;

c) units in which the results are expressed;

d) testregult, atu or a+U , with the associated £ value.

Complementary information can be provided such as
— probabjlities o, pand (1 - y);
— decision threshold and the detection limit;
— depending on the customer request, there are different ways to present the result:
— when the activity per unit of mass,.ais compared with the decision threshold (see ISO 11929)/ the
regult of the measurement sholild ‘be expressed as <a” when the result is below the decision
thieshold.
— when the activity per unit‘of mass, a, 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 detegtion
limit exceeds the duideline value, it shall be documented that the method is not suitable for| the

measurement purpose.

— mentioh of any.relévant information likely to affect the results.

12 © IS0 2007 — All rights reserved
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Annex A
(informative)

Calculation of the activity per unit mass from a gamma spectrum using a

linear background subtraction

Frequently, the net peak area is calculated by subtraction of a linear background. In this case, three channel

area
and
half

calqulated according to Equation (5), as given in Equation (A.1):

The

Key

s are defined in the spectrum: an area, P, symmetrical around the peak maximum covering
two areas, B1 and B2, each covering b channels on either side of P; see Figure A.1. With(the
peak height, %, a length of the peak area p ~2,5h and b~ p/2 are frequently chosen, "Then

p
ng =Zn,~, npy= Zni, npo = Z n; ,and ny =2—b'(n31+n32)
ieP ieB1 ieB2

standard uncertainties are given in Equation (A.2):

2
u(ng)z\/n7, u(nb)=2%)-1/n31+n32 ,and u(nN)z\/ng+[2—};] “(npy+ngo)

Y A

p channels
full width at
, ny can be

(A1)

(A.2)

channel numbper, 1

Y counts, n;

1 area B1, with length b
area P, with length p
3 area B2, with length b

Figure A.1 — Scheme of linear background subtraction in gamma spectrometry

© 1SO 2007 — All rights reserved
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The standard uncertainty for the specific activity according to Equation (10) is given by Equation (A.3):

2
uz(a) = w? '[ng +(2€7j “(np +”Bz)]/t§ +a? '”rzef(W)

In this case

, 72(a) is calculated by Equation (A.4):

72(a) = (wlty)? -{5-tg/w+[(p/2b)+(p/2bﬂ-(nB1 +n32)}+52 2, (w)

(A.3)

(A.4)

where

Urgl (W)

The decisio

_ u(w)
_W

h threshold is calculated as given in Equation (A.6):

2
o u(0) =k, '(W/tg)'\/%'(nm +”Bz)+[2—l;] (np1+np3)

pction limit, as given in Equation (A.7):

+ky_p -iia™)

[ +ki_p '\/(W/’g)z '[a# '(’g/W)+(P/2b)'(”B1 +n32)+(1’/25)2 (np1+npo )}ra#z ufgy (W)

b, then kq_, = kip =k and the solution of Equation (A.4) is given by Equation (A.8):

-a*+(k2-w)/tg

The limits o

1-k2 -urze|(w)

f the confidence intervalare calculated according to Equations (17) and (18).

14
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Analysis of natural radionuclides in soil samples using gamma

spectrometry

B.

Among the natural radionuclides, those besides K-40, belonging to a natural decay ‘chain t
megsured using gamma spectrometry include U-238, Ra-226; Pb-210 of the uranium/fadium d
U-2B5 and Th-227 of the uranium/actinium decay chain; as well as Th-232, Ra-228 and)Th-228 of
dechy chain; see Figure B.1.

Some radionuclides of the natural decay chains (e.g. U-238, Ra-228, Th-228), cannot be determi

by ¢
ens
med
che
be
the

In these cases it is recommended to keep the samples _far a sufficiently long period before meas

On
esc
add
the
ach
sidg
radi
the

Me4
equ
MOoS
dec
are

Ano
radi
by K
see

Introduction

amma spectrometry but only by measuring their daughter radionuclideS«In these cases, it is n
ire that there is equilibrium between the parent radionuclide and“the daughter radionug

mical or biochemical behaviour of the respective elements. Foerexample, the radioactive equ
hifted strongly due to the different transfer behaviour of parentiradionuclide and daughter radi
50il-vegetation-animal-milk chain.

the other hand, interference of the radioactive equilibrium in the sample for measurement can
hping radon. In the case of measuring the short-lived decay products of Rn-222, the sample m
tionally be put into a gas-tight glass containersuch that the dead volume in the glass contair
sample and the lid is as low as possible, and the sample left until radioactive equilibriun
eved. Since, as a rule, the severity of theinterference with the equilibrium is not known, to be

bnuclides. In the case of a long-lived parent radionuclide and a short-lived decay product, this
waiting period should be at least six half-lives of the decay product.

sured activity values for.\the radionuclides of the natural decay chains that are not in
librium with the respective/longer-lived parent radionuclide shall be counted back to a refere
t cases this should be\the sampling date. Both the radioactive decay of the respective radionu
by products from jts.parent radionuclide shall be taken into account. Examples of such radion
Th-232/Ra-228,Ra*228/Th-228, Ra-226/Pb-210.

ther problem~for the gamma spectrometric determination of natural radionuclides is the fac
bnuclides’show gamma lines that are identical or so near each other that it is not possible to r¢

8,67.4).

hat can be
ecay chain;
the thorium

ned directly
ecessary to
lides being

sured. Radioactive equilibrium can be disrupted within the media’being examined due to the different

ilibrium can
bnuclides in

uring them.
result from
aterial shall
er between
N has been
on the safe

, one should assume, when estimating: the waiting period that initially there are practically no daughter

means that

radioactive
hce date; in
clide and its
uclide pairs

t that some
bsolve them

ardware or software means. In these cases, it is necessary to make corrections using other gamma lines;

If this procedure cannot be carried out, a correction can be performed only by measuring radionuclides with
other methods (e.g. alpha spectrometry or an emanation measurement). It is necessary to use these more
sensitive methods when required detection limits cannot be achieved through gamma spectrometry (e.g. due
to insufficient sample quantities).

Clauses B.2 to B.10 give additional explanations regarding the gamma spectrometric determination of
common natural radionuclides in soil. For some radionuclides, the requirement of correcting self-absorption
and summation losses are mentioned. Table B.1 lists the photon energies, E, and the emission probabilities,
pp» of selected radionuclides [15].
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When the decay chains are in equilibrium, the listed emission probabilities refer to the decay of the parent
nuclide. For example, in the determination of the Th-228 content via TI-208, it is not necessary to take into
account that the branching ratio of the Bi-212 into TI-208 is only 36,2 %; see Figure B.1 c¢). This is already
considered when stating the emission probability in Table B.1.

Th-234 U-238
24.1d <+ | 4510%y
-
Pa-234
1.2min|6.7 h|
L 015 %—-‘
Pb-214 Po-218 Rn-222 Ra-226 Th-230 U-234
26.8Min | g | 3.05Min | <g—— | 3.8d — | 1600y | e | 810y | g | 2,541Q5)y
99.98 %
B $£0.02%
TI-210 Bi-214 At-218
13min | 2 |198min [ % | ~2s
004 %
B . B99.96 %
Hg-206 Pb-210 Po-214
8.1 min ?5_:‘@ 2y — | 162 s
[ B ~100 %
TI-206 Bi-210
43min | «—>—- | 5.0d
510°%
g $7~100 %
Pb-206 Po-210
stable < | 1384d
a) Uranium/radium: (4 = 4n + 2)
Th-231 U-235
256h «—— | 7108y
-
Bi-215 At-219 Fr-223 Ac-227 Pa-231
7.4 min .ﬁ 0.9 min .ﬁ 22 min .ﬁ 2y — | 3.310%y
[ B~ 3% B ~100% p98.8%
Pb-211 " Po-215 Rn-219 Ra-223 Th-227
36.1 min 4-% 18ms «——— | 39s «+—— | 11.4d «—— | 187d
B p5104%
TI-207 Bi-211 At-215
48min | e | 2.15min | ~—> | ~100ms
899.68 %
i p0.32%
Pb-207 Po-211
stable — 052s

b) Uranium/actinium (4 = 4n + 3)

Figure B.1 (continued)
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