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Foreword

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

The proceglures used to develop this document and those intended for its further maintenange
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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Megsurement of gross alpha and gross beta activities

In situ measurement of gamma-emitting radionuclides

This corrected version of ISO 18589-3:2015 incorporates a correction to Formula (4).
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Introduction

This part of ISO 18589 is published in several parts to be used jointly or separately according to needs.
[SO 18589-1 to ISO 18589-6, 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. ISO 18589-3
to ISO 18589-5 deal with radionuclide-specific measurements and ISO 18589-6 with non-specific
measurements of gross alpha or gross beta activities. ISO 18589-7 deals with the measurement of
gamma-emitting radionuclides using in situ spectrometry.

Additional parts can be added to ISO 18589 in the future if the standardization of the measurement of
other radionuclides becomes necessary.

© ISO 2015 - All rights reserved v
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Measurement of radioactivity in the environment — Soil —

Part 3:
Test method of gamma-emitting radionuclides using
gamma-ray spectrometry
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Scope

5 part of ISO 18589 specifies the identification and the measurement of the activity in soi
hber of gamma-emitting radionuclides using gamma spectrometry. This non-destructi

isurement of all the y-emitters present for which the photon energy is between 5 keV anc

lsurements as a majority of gamma-emitting radionuclides is chdracterized by gamma-rg
veen 40 keV and 2 MeV.

method can be implemented using a germanium or<gther type of detector with a
fer than 5 keV.

5 part of [ISO 18589 isaddressed to people responsible for determining gamma-emitting ra
vity present in soils for the purpose of radiationprotection. It is suitable for the surveill
ironment and the inspection of a site and allows, in case of accidents, a quick evaluation
vity of soil samples. This might concern soils from gardens, farmland, urban or industriz
contain building materials rubble, as wéll as soil not affected by human activities.

bn the radioactivity characterization of the unsieved material above 200 pum or 250 p
Fographic nature or of anthropogénic origin such as building materials rubble, is req
erial can be crushed in orderto obtain a homogeneous sample for testing as described in I§

Normative refereneces

following documents, in whole or in part, are normatively referenced in this docume

10703, \Water quality — Determination of the activity concentration of radionuclides —
resolution gamma-ray spectrometry

sofalarge
e method,
in a single
| 3 MeV.

5 part of ISO 18589 can be applied by test laboratories performing routine radioactivity
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spensable forsits“application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.
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Method by

ISO

11074, Soil quality — Vocabulary

[SO 11929, Determination of the characteristic limits (decision threshold, detection limit and limits of the
confidence interval) for measurements of ionizing radiation — Fundamentals and application

ISO 18589-1, Measurement of radioactivity in the environment — Soil — Part 1: General guidelines
and definitions

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

IEC 61452, Nuclear instrumentation — Measurement of gamma-ray emission rates of radionuclides —

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

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10703, ISO 11074, ISO 18589-1
and ISO 80000-10 apply.

3.2 Sympols

m mass of the test portion, in kilograms

A activity of each radionuclide in the calibration source, at the calibration time, iri becqudrel

a, ac activity, in becquerel per kilogram, per unit of mass of each radionuclide, without and with
corrections

tg sample spectrum counting time, in seconds

to ambient background spectrum counting time, in seconds

ts calibration spectrum counting time, in seconds

NN, E, NNO,E number of counts in the net area of the peak, at energy; k) in the sample spectrum, in the
background spectrum and in the calibration spectrdr, tespectively

Ng,E, Ng0,E, | number of counts in the gross area of the peak, at'éniergy, E, in the sample spectrum, infthe
background spectrum and in the calibration speetrum, respectively

Nb,E, Nb0,E, | number of counts in the background of theépeak, at energy, E, in the sample spectrum, ip
the background spectrum and in the calibration spectrum, respectively

&R efficiency of the detector at energy, E, with the actual measurement geometry

PE probability of the emission of gamma radiation with energy, E, for each radionuclide, pgr
decay

u1(E), u2(E} linear attenuation coefficient at photon energy, E, of the sample and calibration source,
respectively, per centimetre

Um,i(E) mass attenuation goéfficient, in square centimetres per gram, at photon energy, E, of el¢-
ment |

h height of the saniple in the container, in centimetres

w; mass fraetion of element i (no unit)

p bulk-density, in grams per cubic centimetre, of the sample

A decay constant of each radionuclide, per second

u(a), u(ac) standard uncertainty, in becquerel per kilogram, associated with the measurement resplt,
with and without corrections, respectively

U expanded uncertainty, in becquerel per kilogram, calculated by U= k- u (a) withk=1, 3, ...

aa decision threshold, in becquerel per kilogram, for each radionuclide, without and with

rre corrections, respectively
# detection limit, in becquerel per kilogram, for each radionuclide, without and with correc-
a,dag tions, respectively
a4 > lower and upper limits of the confidence interval, for each radionuclide, in becquerel per
a.a kilogram

4 Principle

The activity of gamma-emitting radionuclides present in the soil samples is determined using gamma
spectrometry techniques based on the analysis of the energies and the peak areas of the full-energy

© ISO 2015 - All rights rese
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peaks of the gamma lines. These techniques allow the identification and the quantification of the
radionuclides.[1][2]

The nature and geometry of the detectors as well as the samples call for appropriate energy and
efficiency calibrations.[1][2] Both coincidence and random summation effects need to be considered,
particularly with container sitting directly on the detector and Marinelli type container, high activity
levels or with well-type detectors used to measure small-mass samples (see 8.1.4).

NOTE ISO 18589 deals exclusively with gamma spectrometry using semiconductor detectors.

5 [Gammasspectrometry equipnment

Gamma-spectrometry equipment generally consists of
— |a semiconductor detector with a cooling system (liquid nitrogen, cryogenic assembly, etf.),
— |a shield, consisting of lead and/or other materials, against ambient radiation,

— |appropriate electronics (high-voltage power supply; signal-amplifieation system; an afalogue-to-
digital converter),

— |a multi-channel amplitude analyser, and
— |a computer to display the measurement spectra and to precess the data.

Thg semiconductor detectors generally used are made of fiigh-purity germanium crystals (HP Ge). The
type and geometry of these detectors determine their field of application. For example, wheh detecting
photons with an energy below 400 keV, the use ofdetectors with a thin crystal is recommended in
ordpr to limit interference from high-energy photons. However, it is better to use a large-volyme, P-type
coakial detector to measure high-energy photans (above 200 keV) or an N-type coaxial
detect both low- and high-energy radiation.

At the level of natural radioactivity, it jstadvantageous for the measurement to use an ult
megsuring instrument, i.e. a set-up arranged with a choice of materials for the detector and shielding
that guarantees a very low background level. This includes very low-noise electronic preamplifiers and
amplifiers. The shielding case should be large enough to allow sufficient distance from all wglls and the
detg¢ctor set up in the centre(of the case, when 1-1 samples are inserted. This allows the us¢ of a room
with a very low specific activity of building materials and a very low radon concentration ih the room
air fo be chosen. It is gptimal to erect the measuring instruments in the middle of the room with the
maximum distance avdilable to the room walls. Forced ventilation of the measuring room can possibly
confribute to stabilizing the background level. On the other hand, forced ventilation can fhen cause
proplems when<he’outside air drawn in contains excess radon as a result of a warming-up of the soil
(in particular,\when the soil thaws in spring). It is always good practice to fill the inner part of the
shiglding with'nitrogen. For this, the gaseous nitrogen escaping from the Dewar vessel of the detector
arrangement can be passed permanently into the shielding.

Thd 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 detector
to separate two neighbouring gamma peaks;

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

c) peak-to-Compton ratio.

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 60Co peak at 1 332 keV) and
with a peak/Compton ratio between 50 and 80 for 137Cs (see IEC 61452).

© IS0 2015 - All rights reserved 3
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Some natural radionuclides, e.g. 210Pb and 238U through 234Th, can be measured only through 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 1291 and
241Am in samples from the vicinity of nuclear facilities.

The computer, in combination with the available hardware and software, shall be carefully selected.[5][6]
Itis recommended that the results of the computer analysis of the spectrum be visually checked regularly.

Comparison with a certified reference material is recommended to check the performance of the
apparatus. Participation in proficiency and inter-laboratory tests and inter-comparison exercises can

also help t¢ verify the performance of the apparatus and the status of the analysis.[9][10]

6 Samp

Measuring
spectrome

le container

fry with the following recommended characteristics:

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

— bema

— havev

— be watertight and not react with the sample constituents;

— havea
— beunb

In order to
a transpar

7 Procg€

7.1 Packaging of samples for meéasuring purposes

e of transparent material to see the level of content;

blumes adapted to the shape of the detector for maximum efficiency;

wide-necked, airtight opening to facilitate filling;
reakable.

verify easily that the content of the container conforms to the standard counting geoms
bnt container with a mark to check thefilling can be selected.

dure

mples packaged for(gamma spectrometry measurements are usually dried, crushed,
ed in accordance with ISO 18589-2.

ure shall be eacried out as follows.

 the container that is best suited to the volume of the sample so as to measure as much matg
ible. To-decrease self-absorption effects, the height of the contents should be minimized.

gamma radioactivity in soils requires sample containers that are stiited to ganpima

try,

and

rial

The soil sz
homogeniz
The procec
a) Choos¢

as pos
b) Fill the

device

b Container to the level of the volume mark. It is recommended to use a mechanical fil

ing

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.

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.
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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 Ra-226 through the short-lived decay products of Rn-222, the sealed container shall be

stored long enough (30 d) to allow radioactive equilibrium to be reached between Ra-226 and Rn-222.

7.2

Laboratory background level

As some radionuclides found in the soil (see Annex B) are the same as in bulldmg materials, the

detec
iss

1ff1c1ent to shleld the detector in alO cmthlck low backgroundlead casewall Reduct1

inside the shield is desirable. Further information is given in References [1]and [2].

Thd
in f
shig
The
sur

flud
of tl

Thd

natural radionuclides and their decay products occur widely and with large concentraf
oors, walls, ceilings, the air of the measuring rooms and in the materials-0f which det
lding are made.

re are isotopes of the decay chain of the rare gas radon, whose emanation from the
rounding the measuring instruments depends on various physical parameters. T
tuations in the concentration of radon and of the decay productsican occur in room air an
he detector shielding. This is a particular problem in basements of old buildings with defeq

background of the measuring instruments shall be kept'as low as possible and, in pa

stalple as possible by appropriate measures. This includes’ vacuuming the shielding and

the

dust by filtration. Frequent measurements of the ba¢kground level permit the verific

stability. This is necessary because the peaks of the®ackground spectrum shall be subtr

tho

7.3

7.3

Ene
exa
estd
the
spe

be of a sample spectrum.
Calibration

1 Energy calibration

mple 152Eu) or sources containing a mixture of several radionuclides. This calibration
blishment of the relationship between the channel numbers of the analyser and the know|
photons.[12][13] Generally/this task is carried out with appropriate software, which uses th
Ctra to automaticallyconvert the channel scale of the multi-channel analyzer into a pho

scale and to record the.useful information necessary for future analyses. By using the energy

spe
the

Fur

7.3

Ctra, the full width at half the maximum of the full-energy peaks can be determined as a
camma energy: This information is usually required by the spectrometry analysis softwa

ther infermation is given in [EC 61452, [SO 10703, and References [7] and [8].

2. Efficiency calibration

equently, it
bn of radon

ion ranges
ectors and

materials
hus, large
d in the air
tive floors.

Irticular, as

removing
htion of its
hcted from

rgy calibration is carried out-uSing sources of a radionuclide with different emission lines (for

allows the
n energy of
e standard
ton energy
calibration
function of
re.

Efficiency calibration is carried out either through ab initio calculations of the detector efficiency using
transport theory and Monte Carlo techniques (not covered in 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.

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.
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For this purpose, a calibration source should have the same physical and chemical properties as the
sample. It might, 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 Formula (1):
n t

8E — NS,E / S (1)
For a single peak at an energy E, the count, nns,g, in the net-peak area of a y-spectrum is calculated as
given in Formula (2):

NNs,E ={Ngs,E ~Mbs,E (2)
When the physical and chemical nature of the sample (chemical composition, bulk density]- isdiffefent
from the cgnditions of the efficiency calibration, a correction for the self-absorption of gamima radiafion
should be gpplied.

Further information is given in IEC 61452, ISO 10703, and References [7] and [8].

7.4 Measurements of and corrections for natural radionuclides

If activitiep of natural radionuclides in the soil are being measuredgthe areas of full-energy pdaks
used for eyaluating their activities shall be corrected for the background contribution of those same
radionuclides inside the detector shielding, taking into account peténtial differences of the duration of
the sampleland background measurements.

Special adyice to take into account during the measurément of natural radionuclides in soil pnd

informatio

The gamm
can also inf

on spectroscopic interferences is given in Anhex B.

erfere with measurements of artificial radionuclides and can require appropriate correcti

8 Expré¢ssion of results

8.1 Calcd

8.1.1 Ge|

The activif
count, nn, g

a=—
Pg

ulation of the activity. per unit of mass

neral

y per unit of mass, a of each radionuclide present in the sample is obtained from the
from the péak of an individual y-line without interference using Formula (3):

IN,E /tg

.gE.m.fE

h ray of the radionuclides in the backgroundiand/or of natural radionuclides inside the sample

DIS.

net

(3)

where

fE

is the correction factor considering all necessary corrections according to Formula (4).

fE zfd'fatt,E'fcl,E'fs,E

where
fa is
fatt Els
6

the factor to correct for decay for a reference date;

the factor to correct for self-absorption;

(4)
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foLE is the factor to correct for coincidence losses;

fs,e is the factor to correct summing-up effects by coincidences.

For an undisturbed peak with energy, E, the count, nn g, in the net-peak area of a y-spectrum is
calculated by Formula (5):

NNE =Ng g —NpE

Thus, Formula (3) can be expressed as given in Formula (6):

if th
nee

If a
unf
rad
des

For
intd

8.1

Dep
cor
tim|

by

8.1

Me

diff]

res

Iel
Diffierent teehniques can be used to determine this correction factor:

(5)

1

Pp-eg-m-fg

_ Mg/t MgE—Mpp
Pg-eg-m-fgp Pp-eg-m-fp-t,

=(ngp—nyg)-w/ty; withw=

e net-peak area, ny g, is obtained by unfolding of a multiplet Formula (6) is valid; but, spe
ded in calculating the uncertainties according to 8.2.

peak is disturbed by an interfering y-line of another radionuclide ‘and cannot be r
blding methods due to the limited resolution of the detector, and if the contribution of the
onuclide can be estimated from another y-line of the interfering radionuclide, the
cribed in 8.6 should be applied.

nuclides characterized by more than one line, the activity canbe computed using several p
account the known branching ratios described by their décay scheme and the efficiency ¢

2 Decay corrections

ending on the half-life of the radionuclide being measured, the activity per unit of mg
Fected by fy. To take into account the radidactive decay during the counting time and
e between the reference instant (t = 0).and the measuring instant (¢t = ¢;), fq shall be
‘ormula (7):

fat=elti {
Self-absorption correction

]

Aty
1_6—/'L-tg
3

surement of radigaoctivity in soils by gamma spectrometry can involve sample whos
brent from that'efithe calibrated source. In this case, a correction factor should be apy
t obtained.Fhe lower the radiation energy, the larger the correction factor.

g

measurement of the attenuation coefficient of gamma radiation in the sample materia
energy;

(6)

cial care is

esolved by
interfering
procedure

baks taking
urve.

ss shall be
during the
calculated

(7)

b matrix is
lied to the

at a given

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

sample.

For cylindrical sample containers at the level of the detector, the value of the attenuation correction

fac

wh

tor, fatt,g, can be estimated using Formula (8):

ﬂz(E)-(l_e—m(E)x)

fate,g =
, —un(E)X
.U1[E)'(1—€ 2(E) )
ere
X isthe average test sample thickness in the container, expressed in centimetres.

© ISO 2015 - All rights reserved

(8)


https://standardsiso.com/api/?name=21f2409826a7b327b997806e1efaef95

ISO 18589-3:2015(E)

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 can be calculated using Formula (9):

p(E)= Zwi#m,i(E) p

(9)

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

8.1.4 Su

mmation effects or coincidence losses corrections

For radionjuclides with cascade transitions, counting losses due to coincidence summing-are tg

expected, ¢

These cory
detector sy
detector di

Most of th
Monte-Car
difficulties
specific sit

specially at high counting efficiencies.

ections are important for point as well as thin source samples measured Yery close to
rface; they are specific for each radionuclide, detector, measuring geométry and sample
stance.

b theoretical methods for such calculations are related to the useZéf transport theory
o techniques (Geant, EGSnrc, MCNP, Penelope, etc.; see Referefices [13] to [16]); given
associated with modelling detectors, some experimental précedures can be applied for ¢
Llation.

Some of t
range of

ese experimental procedures use data from specialized literature, but given the W
tector possibilities and measuring conditions, direct measurement as given in a) t

below can |pe made.

a)

Prepare a source containing the multi-line photon-gmitting radionuclide whose correction factc

be

the
-to-

and
the
ach

ride
b C)

rat

energy, E, shall be calculated along with another+adionuclide emitting at a similar energy, E’, which
is mono-energetic or has negligible summing corrections. The geometry shall be the same as

used f

b) Make

r the sample source.

A measurement with this soukce at a large distance from the detector. Calculate

relationship between the net peak eounts at energies E and E.

Make 4
the ne

peakc

The relatig
ny g, is th
shall be ap

Further inf

measurement with the-sample in the normal measuring position. The relationship betw
F peak counts at energies’E and E’ is similar to that calculated above and the theoreticall

bunts, nt

N, - At energy E can be estimated.

nship betweenvthe theoretical net peak counts, ngl B
P summing, correction factor for energy E of the multi-line photon emitting radionuclide

blied tothe analysis of the calibration and source sample spectrum.

that

the

een
net

and the measured net peak counts,

that

ofmation is given in References [2] and [8].

8.2 Standard uncertainty

According to ISO/IEC Guide 98-1:2009,[18] the standard uncertainty of a is calculated by Formula (10):

u(a)z\/(w/tg)2 -[uz (ng,E)+u2 (”b,E )}+a2 -ufel(w)

where the uncertainty of the counting time is neglected.

(10)
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relative standard uncertainty of w is calculated by Formula (11):

2 2 2 2 2
Upel (w)= urel(PE)"'urel (m)"'urel (SE)"‘urel(fE)

(11)

Taking Formula (1) into account, the relative standard uncertainty of eg is calculated by Formula (12):

2 2 2 2 2 2 2
urel(gE):urel(”Ns,E)+urel(A)+urel(PE):+urel(ngs,E _nbs,E)+urel(A)+urel(PE)

(12)

where ure)(A) includes all the uncertainties related to the calibration source: standard certificate,

prepat O Uf thc \,alibl FHOR-Sotree:
For|the calculation of the characteristic limits (see ISO 11929), it is necessary to know" t
stamdard uncertainty of a as a function of its true value. For a true value a, from g g =q-t
and with uz[ng) =ng, one obtains Formula (13):

Loy " 2 " ~ 2 ~2 2

u(a)=,(w/tg) -|(tg/w)-a+nyp+u”(nyg) |+a" u(w)

The
1:2
are
ass
Sin
nun

uncertainties u(nn), u(ng), and u(np) shall be calculated in aecordance with ISO/IEC
09,[18] taking into account that the individual counts, n;, in-channel i of a multi-channe
the result of a Poisson process and hence u2(n;) = n; holdsyThe values of ny, ng, and n
ciated standard uncertainties u(nn), u(ng), and u(np) cau be calculated with a compute
e there are various methods of subtracting the background below a peak in order to

sim|

If the net-peak area ny g, is obtained by a software using unfolding techniques, the softw
yield ny , and its associated standard uncertainty. When it provides both ny g with its

sta

givg
sho
bas

8.3

Thd
For

a=

hber of counts in the net peak area, no generally applicable formula can be given. An exa
le case of linear background subtraction is giverrin Annex A.

dard uncertainty, the uncertainties.can-be calculated according to Formulae (10) to (13)
s directly a decision threshold and a detection limit for the activity a, these character
1ld be calculated according to 1S0*11929, Annex C, in particular C.5. This procedure of
bd on Reference [17] is not intended for users but rather for code developers.

Decision threshold

decision threshefd) @, is obtained from Formula (13) for a=0 (see ISO 11929).
mula (14):

0@ =ky_o(0)=ky_ (W /tg )\npp +u (np5)

0,05.and k1-a = 1,65 are often chosen by default.

a), i.e. the
L, /wtny g

(13)

Guide 98-
| spectrum
L, and their
r program.
derive the
mple of the

are should
associated

If the code
istic limits
ISO 11929

[his yields

(14)

8.4

Detection limit

The detection limit, a¥, is calculated by Formula (15) (see ISO 11929):

B=

The detection limit can be calculated by solving Formula (15) for a®

a* =a*+ky_p-i(a)

marekpp w2 (0w /)t ) /62 ra iy )

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

starting with the approximation a*=2.ax.

©IS
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By setting a = f, then kq_, = kl_ﬂ =k and the solution to Formula (15) is given by Formula (16):

2-a*+(k2 -W)/tg
a* = 22 (16)
1-k% upy(w)

8.5 Confidence limits

The lower, a”, and upper, a”, limits of the confidence interval are calculated using Formulae (17) and

(18), respegtively{seelS0-11929}:

a” =a—k,-u(a) where p=0-(1-y/2) 17)
a” = 1+kq-u(a> where g=1-w-y /2 18)

where o =@ [y / u(y)] , @ being the distribution function of the standardized gormal distribution.

If a>4-u(d), w can be set equal to 1 and Formula (19) applies:

a™” =q+ kl—y/Z -u(a) (19)
y=0,05anf k1-y/2 = 1,96 are often chosen by default.
8.6 Corrections for contributions from other radienuclides and background

8.6.1 General
In gamma $pectrometry, it is frequently necessary to correct for two types of contributions.

a) The gamma line of the radionuclide beihg/determined contains contributions from gamma radiation
of another radionuclide in the sample. The contributing radionuclide has another gamma line ffom
which [the contribution to the line\in question can be estimated taking into account the emisgion
probalpilities of the gamma lings,

b) The gamma line of the adionuclide being determined occurs also in the background of|the
spectrpmeter. By measurifig a background spectrum without a sample for a counting time, ¢, this

contrilpution can be-Coprected, taking into account the different counting times for the two spedtra.

For both c3ses, the activity per unit of mass can be calculated using a model given in Formula (20):

ac:(nN,E/tg_X'nNO,E/tO)'W 20)

where
x isafactor thatis a function of the type of correction.

For the both types of contributions, this model gives the necessary correction.

8.6.2 Contribution from other radionuclides

The gamma line being corrected at the energy, E1, has the net peak area, nyE, - The contribution of the

radionuclide is calculated using the ratio of the contributing radionuclide for gamma energy, Ej.

10 © IS0 2015 - All rights reserved
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Formula (20) gives the necessary correction with x=Pg -&1/Pg,-€; and to=t,. This yields
Formula (21):

aC:(nN,E1 —x-nl\],EZ)-w/tg (21)
Neglecting the standard uncertainty of x, the standard uncertainty of a. is calculated from Formula (22):

uz(ac) :(w/tg )2 {"g,El +u? (”b,E1 )+x2 [”g,EZ + uz[nb'E2 )J} +af -ufel(w) (22)

and with a true value a, of a., Formula (23) can be derived:

2
~20~ ~ 2 2 2 ~2 2
U (ac):(w/tg) {actg/W-i-nb,El-i-u ("b,E1)+X("g,E2_”b,E2)+X [ng,52+u (nb,EZ)j|}+ac'urel(W)

(23)

Then, the decision threshold, a:, is given by Formula (24):

* 2 2 2
o =k, .(w/tg)-\/nb'El vul(myp )+ x(ng g, —ny g, )+ X [ng'Ez tu (nb,EJ (24)

and the detection limit, af, by Formula (25)

o =a. +k w/t )2 a’t /w+n +u2(n )+x<n -n )+x2 n +u2(n ) +a?y? w)
c c 1-8 g clg b,Eq b,Ey g.Ey bE, g.E, b,E, c “Yrel
(25)

The detection limit can be calculated by solving Formula (25) for af or, more simply, by gn iteration

starting with the approximation af = 2~a;k .

By jetting a = §, then k{_, = kl,ﬂ =k and the solution to Formula (25) is given by Formula (26):
2-a;k +(k2 -W)/tg

#
af = (26)
1-k?-u’,(w)

© IS0 2015 - All rights reserved 11
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8.6.3 Contribution from background

In this case, Formula (20) is used for the correction by setting x = 1 and u(x) = 0. nnyg,g is the net peak
area of the gamma line in the background spectrum and tg is the counting time of the background
spectrum. This yields Formula (27):

dc =(”N,E /tg—NNoE /to)'W (27)

The standard uncertainty of a. is calculated by Formula (28):

2 2 YFAETTETR
u(ac)Fw=(n o [T T g0 T8 +U (Mg ) /g +U (Moo )/ tg J*ac ure (W) 28)

and with aftrue value a. of a., Formula (29) is obtained:

i*(a.) pw? {51c /th"'[nb,E +u’ (nb,5 )J/té +["go,5 +u’ (mbo, )}/tg +("g0,E — Nk )/tOtg} + AU (W)
(29)

Then, the decision threshold, a: , is given by Formula (30):
ac=kqlq 'W'\/[nb,E +u?(ny g )J/té +|:ng0,E +u’ (nbO,E )}/tcz) +("g0,E _nbO,E)/tOtg 30)

and the detection limit af by Formula (31):

*

a

#_
c=a

2( # 2 2 2 2 #4 2
+ki_p \/W {ac /th+|:nb,E +u (”b,E ):I/tg +[ng0,E +u (nbO,E )J/to +("g0,E —”bo,E)/totg}+ac Turaw)

(o]

(31)

The detectjon limit can be calculated by solving Formula (25) for af or, more simply, by iteration with

a starting gpproximation a =2 a

When takipg a = B, then k;_, =ki_g\=k and the solution of Formula (31) is given by Formula (32):
* 2

2, +(k -w)/tg

#
ac = 32)
1-k° 'uIZ‘el(W)

The limits pf the confidence interval are calculated according to Formulae (17) and (18).

9 Test feport
Thetestrepor snall conrorm to requirements and shall contain the roliowing imforma ion:

a) reference to this part of ISO 18589;

b) identification of the sample;

c) units in which the results are expressed;

d) testresult, a + u or a + U, with the associated k value.

Complementary information can also be reported with items a to d such as:
— probabilities a, f and (1 - y);

— decision threshold and the detection limit;

12 © IS0 2015 - All rights reserved
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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 (see SO 11929),
the result of the measurement should be expressed as <a* when the result is below the
decision threshold;

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

— [menton oI any relevant information Iikely to altect the results.

© IS0 2015 - All rights reserved 13
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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 argas are defined in the spectrum: an area, P, symmetrical around the peak maximum covefing
p channelsfand two areas, B1 and B2, each covering b channels on either side of P; see Figure)AJ1. With
the full width at half peak height, h, a length of the peak area p = 2,5h and b = p/2 are frequently chopen.
Then, ny c3n be calculated according to Formula (5), as given in Formula (A.1):

p
ngzznl,nBlzan,n32=2nl,and nb=5(n31+n32) (Al)
iel ieB1 ieB2

The standdrd uncertainties are given in Formula (A.2):

2
u(ng)Z\/@ ) u(%):%#nm +ng, ,and “("N):\/ng*'(%j My +npy) h.2)

Y A

Key

X channe| numbet; i

Y counts,|n{

1 areaB1,withlength b
2 area P, with length p
3 area B2, with length b

Figure A.1 — Scheme of linear background subtraction in gamma spectrometry
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The standard uncertainty for the specific activity according to Formula (10) is given by Formula (A.3):

whg

Thd

and

Wh

Thd

2
uz(a)zw2 -{ng +(%) (npy +n32)]/t§ +a? -urzef(w) (A.3)
In this case, ﬁz[é) is calculated by Formula (A.4):
2~ ~ 2 ~
uz(a):(w/tg)2 -{a-tg /W+[(p/2b)+(p/2b) ](nBl +n32)}+a2 -ufel(w) (A4)
bre
u(w
U e (W)= W) (A.5)
decision threshold is calculated as given in Formula (A.6):
p p :
a*=kq_o U0)=kq_o -(W/tg): 5'("31 +n32)+(5J “(npy +np) (A.6)
the detection limit, as given in Formula (A.7):
a* =a*+ky_p-i(a*)
2
=a*+k1_ﬂ-\/(w/tg)z-[a#-(tg/w)+(p/2b)-(n31+n32)+(p/2b) -(n31+nBZ)J+a#2~u§el(w)
(A.7)
en « = ff, then kq_, =kq_g =k and the sglution of Formula (A.4) is given by Formula (A.8]:
2
4 2-a*+(k -w)/tg
a” = >3 (A.8)
1-k 'urel(w)
limits of the confidence-interval are calculated according to Formulae (17) and (18).
© IS0 2015 - All rights reserved 15
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Annex B
(informative)

Analysis of natural radionuclides in soil samples using gamma
spectrometry

B.1 Genleral

Among thd natural radionuclides, those besides K-40, belonging to a natural decay chaimthat canp be
measured fusing gamma spectrometry include U-238, Ra-226; Pb-210 of the uraniumjradium dg¢cay
chain; U-235 and Th-227 of the uranium/actinium decay chain; as well as Th-232, Ra;228 and Th-228 of
the thoriumh decay chain; see Figure B.1.

Some radipnuclides of the natural decay chains (e.g. U-238, Ra-228, Th-228). cannot be determined
directly byl gamma spectrometry but only by measuring their daughter radienuclides. In these cases,
it is necesdary to ensure that there is equilibrium between the parent radionuclide and the daughter
radionuclides being measured. Radioactive equilibrium can be disrfupted within the media b¢ing
examined |due to the different chemical or biochemical behaviouinof the respective elements.|For
example, the radioactive equilibrium can be shifted strongly due:to'the different transfer behavioyr of
parent radjonuclide and daughter radionuclides in the soil-vegetation-animal-milk chain.

In these calses, it is recommended to keep the samples for:a sufficiently long period before measufing
them. On the other hand, interference of the radioactive\equilibrium in the sample for measurenpent
can result from escaping radon. In the case of measuring the short-lived decay products of Rn-222 the
sample material shall additionally be put into a gas-tight glass container such that the dead voliime
in the glasp container between the sample and the'lid is as low as possible, and the sample left yntil
radioactive equilibrium has been achieved. Sinee, as a rule, the severity of the interference with|the
equilibriurh is not known, to be on the safe 'side, one should assume, when estimating the waifing
period that initially there are practically'no daughter radionuclides. In the case of a long-lived pafent
radionuclide and a short-lived decay product, this means that the waiting period should be at leasft six
half-lives of the decay product.

Measured pctivity values for the radionuclides of the natural decay chains that are not in radioacfive
equilibriurh with the respective longer-lived parent radionuclide shall be counted back to a refergnce
date; in mpst cases thisssheuld be the sampling date. Both the radioactive decay of the respective
radionuclide and its de€ay*products from its parent radionuclide shall be taken into account. Examples
of such radionuclide-pairs are Th-232/Ra-228, Ra-228/Th-228, Ra-226/Pb-210.

Another pijoblem,for the gamma spectrometric determination of natural radionuclides is the fact that
some radignuclides show gamma lines that are identical or so near each other that it is not possible to
resolve thdm-by hardware or software means. In these cases, it is necessary to make correction
other gamma lines; see 8.6.1 a).

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).

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, Ey, and the emission probabilities,
pE, of selected radionuclides.
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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 through TI-208, it is not
necessary to take into account that the branching ratio of the Bi-212 into T1-208 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
1.2 min | 6.7h
398 asl;
0.15%
Pb-274 Po-278 Rn-222 Ra-226 Th-230 U-234
26.8 min i 3.05min | ¢—— | 3.8d < | 1600y | ——— | 810%y | = 2|5-10%y
99.98 %
p N p0.02% N
TI-210 Bi-214 At-218
1.3 min i 198min | % | ~2s
004 %
e P 98.96 %
Hg-208 Pb-210 Po-214
8.1 min ﬁ%‘m 2y «——— | 162 s
B N B ~100 %
TI-206 Bi-210
43min | —2 50d
5105%
B p7~100 %
Pb-206 Po-210
stable «—— | 1384d
|
a) Uranium/radinm (4 = 4n + 2)
Th-231 y-235
256h <+ | 7|108y
o
Bi-215 At219 Fr-223 Ac-227 Pa-231
7.4 min T"% 0.9 min ﬁ 22 min .T‘A 2y —— | 3310%y
p- B 3% B ~100 % p 988 %
\l )
Pb-211 Po-Zi5 Rn-219 Ra-223 Th-227
36.1 min 4%; 148 ms «4——— | 395 +—— | 11.4d <«——— | 18.7d
(% p-5104%
TI-207 Bi-211 At-215
4.8 min qm 25 min [ «—— | ~100 ms
B p-0.32%
Pb=207 Po-211
stable d 052s
b) Uranium/actinium (4 = 4n + 3)
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Ra-228 | Th-232
57y | e | 1.410"0y

Ac-228
613h

Pb-212 Po-216 Rn-220 Ra-224 Th-228
106h | g ]015s | g% 5565 | gt |364d | |19y

TI-208 Bi-212
3.1 min -— 60.6 min

L s

Pb-208 Po-212
stable — |03 ps

¢) Thorium (4 = 4n)

Figure B.1 — Natural decay chain

B.2 Determination of uranium-238

U-238 with its half-life of 4,468 - 109 years is the parent radionuclide in the uranium/radium dgcay
chain. U-238 cannot be measured by gamma spectrometry but enly through its decay radionuclides,|Th-
234 and P4-234m. Very often, the 63,28 keV-line of Th-234 isused. At this low energy, however, majtrix
variations [between calibration and test sample can havextonsiderable influence on the result dug to
different self-absorption and therefore it is necessary that they be taken into account. The 63,28 [keV
line is add|tionally interfered with by the 63,81 keVilinie of the Th-232 with an emission probabllity
of 0,263 %]. The use of the double line energies 92,37 keV and 92,79 keV of Th-234 with an emission
probability of 4,81 % (2,42 % + 2,39 %) is not recommended to quantify U-238.

The lines ¢f Pa-234m at 1001,03 keV and 766,37 keV are more suitable due to their higher energies,
although their emission probabilities are véry low and summing coincidences have to be considefed.
When evaluating the 1 001,03 keV ling; it is necessary to observe that the emission probabilitly is
0,839 %. The lines suitable for evaluation have been compiled In Table B.1.

Additional|information for the{ determination of U-238 is the nearly constant natural U-238/U35
activity ratio of 21,7 in samples’of natural origin.

B.3 Determination of radium-226

Ra-226 is 4 long-lived radionuclide in the uranium/radium decay chain with a half-life of 1 600 yefars.
For the gamma Spectrometric determination of Ra-226 in soil samples, there are, in particular, fwo
possibilitids-Either Ra-226 is evaluated at its 186,1 keV line or the short-lived decay radionuclides|Pb-
214 and Bi-214 of Rn-222 are measured after the radioactive equilibrium between Ra-226, Rn-222, Pb-
214 and Bi-214 has been established.

If the line at 186,1 keV is used, it is necessary to take into account the contribution of the overlapping
line at 185,72 keV of U-235. The contribution of this overlap can be corrected according to 8.6 a) if the
U-235 activity concentration is known. The activity concentration of uranium in a sample can also be
derived using the results from other uranium determinations, e.g. fluorimetry, phosphorimetry, X-ray
fluorescence measurements, mass spectrometry. If radioactive equilibrium can be assumed in the
uranium/radium chain, the activity concentration of U-238 equals that of Ra-226, and in case of natural
uranium, the activity concentration of U-235 can be calculated since the specific activity of U-235 is
approximately 1/22 of the specific activity of U-238.

18 © IS0 2015 - All rights reserved
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