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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 preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Comittee ISO/TC 85, Nuclear energy, nuclear technologies,
and ntadiological protection, SC 2, Radiological-protection.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

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

All these human activities give rise to radiation exposures that are only a small fraction of(the
average levgl of natural exposure. The medical use of radiation is the largest and a growing/man-
source of rddiation exposure in developed countries. It includes diagnostic radiology;.radiothe
nuclear medicine and interventional radiology.
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industry, mq
crew during
average levd

kKposure also occurs as a result of occupational activities. It is incurred by worke
dicine and research using radiation or radioactive substances, asWeéll as by passenger
air travel. The average level of occupational exposures is genérally similar to the g
1 of natural radiation exposure (see Reference [1]).

As uses of r hese

exposures a

hdiation increase, so do the potential health risk and the/ptblic's concerns. Thus, all {
Ire regularly assessed in order to,

a) improve the understanding of global levels and temporal trends of public and worker exposurg,

b) evaluate the components of exposure so as to provideta measure of their relative importance, pnd
c) identifyemerging issues that may warrant more attention and study.

While doses|to workers are mostly measured directly, doses to the public are usually assessed indirectly

using the repults of radioactivity measurements of waste, effluent and/or environmental samples.

To ensure that the data obtained from radioactivity monitoring programs support their intended yse, it
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that the stakeholders (foryéxample nuclear site operators, regulatory and local author
propriate methods and (ppocedures for obtaining representative samples and for hang
paring and measuning’ the test samples. An assessment of the overall measure
also needs to be«cdrried out systematically. As reliable, comparable and ‘fit for pur
pssential requirement for any public health decision based on radioactivity measuremn
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international standards/of\tested and validated radionuclide test methods are an important to
the productiion of suchymeasurement results. The application of standards serves also to guars
comparability of thé\test results over time and between different testing laboratories. Labora]
apply them fo demonstrate their technical competences and to complete proficiency tests success
during internlaboratory comparisons, two prerequisites for obtaining national accreditation.

Today, over a hundred International Standards are available to testing laboratories for measuring
radionuclides in different matrices.

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

— naturally-occurring radionuclides (including 40K, 3H, 14C and those originating from the thorium
and uranium decay series, in particular 226Ra, 228Ra, 234U, 238U and 210Pb) which can be found in
materials from natural sources or can be released from technological processes involving naturally
occurring radioactive materials (e.g. the mining and processing of mineral sands or phosphate
fertilizer production and use), and
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— human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium,
and curium), 3H, 14C, 90Sr and gamma-ray emitting radionuclides found in waste, liquid and gaseous
effluent, in environmental matrices (water, air, soil and biota), in food and in animal feed as a result
of authorized releases into the environment, fallout from the explosion in the atmosphere of nuclear
devices and fallout from accidents, such as those that occurred in Chernobyl and Fukushima.

The fraction of the background dose rate to man from environmental radiation, mainly gamma
radiation, is very variable and depends on factors such as the radioactivity of the local rock and soil, the
nature of building materials and the construction of buildings in which people live and work.

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

h radiation

mat

prot¢ction and environmental protection regulations or to provide guidance on reducing
Gampma-ray emitting radionuclides are also used as tracers in biology, medicine, physics, ch
engineering. Accurate measurement of the activities of the radionuclides is also needed fi
secufity and in connection with the Non-Proliferation Treaty (NPT).
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document describes the generic requirements to quantify the activity”’of gamma-I
nuclides in samples after proper sampling, sample handling and (tést sample prep

document is to be used in the context of a quality assurance management system (ISO
ms the basis for measurement tasks using gamma-ray Spectrometry, such as thog
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Measurement of radioactivity — Gamma-ray emitting
radionuclides — Generic test method using gamma-ray
spectrometry
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document describes the methods for determining the activity in becquerel (Bq)of]
Fing radionuclides in test samples by gamma-ray spectrometry. The measurements arg
festing laboratory following proper sample preparation. The test samples can be so
bus. Applications include:

1
q

outine surveillance of radioactivity released from nuclear installations‘or from sites
tnhanced levels of naturally occurring radioactive materials;

¢ontributing to determining the evolution of radioactivity in theenvironment;

investigating accident and incident situations, in order to plan remedial actions and nj
¢ffectiveness;

1ssessment of potentially contaminated waste mategials from nuclear decommissionin

q

q

4

urveillance of radioactive contamination in imé€dia such as soils, foodstuffs, po
rroundwaters, seawater or sewage sludge;

measurements for estimating the intake (inhalation, ingestion or injection) of activity
fay emitting radionuclides in the body.

le or the site. In some cases, the tadionuclides for analysis have also been specified if c}
5 are needed. It is also assumed that the test sample has been homogenised and is reprg
haterial under test.

ral guidance is included for preparing the samples for measurement. However, some typ
p be prepared following the requirements of specific standards referred to in this do
Fic recommendations can also be useful for the measurement of gamma-ray emitters i

mation is-iricluded in Annex D), and commissioning of instrumentation and metho
x F summarises the influence of different measurement parameters on results f
ma-ray~spectrometry system. Quality control and routine maintenance are also ¢
rical’testing of the detector and pulse processing electronics is excluded. It is assunj

(¢

document inchides generic advice on equipment selection (see Annex A), detectors (IT:E)
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software standards such as ISO/IEC/IEEE 12207.

Calibration using reference sources and/or numerical methods is covered, including verification of
the results. It also covers the procedure to estimate the activity content of the sample (Bq) from the
spectrum.

The principles set out in this document are applicable to measurements by gamma-ray spectrometry in
testing laboratories and in situ. However, the detailed requirements for in situ measurement are given
in ISO 18589-7 and are outside the scope of this document.

This document covers, but is not restricted to, gamma-ray emitters which emit photons in the energy
range of 5 keV to 3 000 keV. However, most of the measurements fall into the range 40 keV to 2 000 keV.
The activity (Bq) ranges from the low levels (sub-Bq) found in environmental samples to activities
found in accident conditions and high level radioactive wastes.

© IS0 2019 - All rights reserved
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 542, Oilseeds — Sampling
[SO 707, Milk and milk products — Guidance on sampling
ISO 5500, Oilseed residues — Sampling

ISO 5538, Mjik and milk products — Sampling — Inspection by attributes

ISO 5667-1,|Water quality — Sampling — Part 1: Guidance on the design of sampling programmes$ and
sampling tedhniques

ISO 5667-10} Water quality — Sampling — Part 10: Guidance on sampling of waste waters

ISO 10703, Water quality — Determination of the activity concentration of radionuclides — Method by
high resolution gamma-ray spectrometry

ISO 11929, Determination of the characteristic limits (decision threshold, detection limit and limits ¢f the
confidence iterval) for measurements of ionizing radiation — Fundamentals and application

ISO 17604, Microbiology of the food chain — Carcass sampling for microbiological analysis

ISO 18400-101, Soil quality — Sampling — Part 101: Framework,for the preparation and application of a
sampling pldn

ISO 18400-102, Soil quality — Sampling — Part 102: Selegtion and application of sampling technique§
ISO 18400-103, Soil quality — Sampling — Part 103+Safety

ISO 18400-104, Soil quality — Sampling — Pgrt:}04: Strategies

[SO 18400-107, Soil quality — Sampling — Part 107: Recording and reporting

[SO 18400-402, Soil quality — Sampling~— Part 202: Preliminary investigations

ISO 18400-403, Soil quality — Sampling — Part 203: Investigation of potentially contaminated sites
ISO 18400-2304, Soil quality<=8ampling — Part 204: Guidance on sampling of soil gas

ISO 18400-205, Soil quality — Sampling — Part 205: Guidance on the procedure for investigatipn of
natural, neal-naturalkand cultivated sites

ISO 18589-4, Meéasurement of radioactivity in the environment — Soil — Part 2: Guidance for the seldction
of the samplingstrategy, sampling and pre-treatment of samples

ISO 18589-7, Measurement of radioactivity in the environment — Soil — Part 7: In situ measurement of
gamma-emitting radionuclides

ISO 24333, Cereals and cereal products — Sampling

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

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

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31
background continuum
events in the spectrum that form a smooth curve onto which the photopeaks are superimposed

Note 1 to entry: The continuum may arise from gamma-rays scattered inside the test sample or any surrounding
materials, from cosmic radiation or from radionuclides in the surrounding materials.

3.2
blank sample
sample of a similar material to the test sample but containing radioactive impurities pegligible in
comparison with the test sample

3.3
calcination
thergnal treatment of the powder in order to remove volatile impurities or to change the density or
specific surface area of the powder

[SOURCE: ISO 13779-6:2015, 3.4]
Note [l to entry: Calcination is commonly used for samples such as'soil.

3.4
comminution
opergtion of reducing particle size by crushing, grinding or pulverisation

3.5
dead time
time|during spectrum acquisition (real'time) during which pulses are not recorded or proc¢ssed

Note|l to entry: Dead time is given by real time minus live time.
Note 2 to entry: The time is given(in seconds.

3.6
decision threshold
valug of the estimatorof the measurand, which when exceeded by the result of an actual measurement
using a given measurement procedure of a measurand quantifying a physical effect, one fHecides that
the physical effect'is present

[SOURCE: 1S6+11929:2010, 3.6]
3.7

detectiomefficiency
probability that a gamma-ray emitted at a particular energy (keV) in the decay of a radionuclide in a
test sample is detected in the photopeak corresponding to that energy

3.8

detection limit

smallest true value of the measurand which ensures a specified probability of being detectable by the
measurement procedure

[SOURCE: ISO 11929:2010, 3.7]

© IS0 2019 - All rights reserved 3
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fractionation
separation of a product into several fractions by an appropriate technique such as distillation or

crystallizati
[SOURCE: IS
3.10

on

0 1998-4:1998, 4.20.300]

full width half maximum

FWHM

width of a gamma-ray photopeak at half the maximum of the photopeak distribution

Note 1 to ent

3.11

in situ

use of a po
buildings) fi
emitting ra
waste drum

3.12
live time
time during

Note 1 to ent

3.13
net photop
area (numbdq

3.14
pathlength
distance ap

3.15
peak-to-Co

y: The width is given in kiloelectronvolts.

pr determination of activity such as per unit of surface area or per mass unit of gary
lionuclides present in or deposited on the soil surface or content of large items su
S

which pulses are processed during an acquisition (real){ime

"y: The time is given in seconds.

pak area
er of counts) observed in the photopeak

hoton travels through matter

mpton ratio

ratio of the pumber of counts in thebiggest channel of the 1 332,5 keV 60Co peak to the average nu

of counts in
[SOURCE: 31

3.16
percolation
separation {

3.17

the channels representing the range from 1 040 through 1 096 keV

15-1996-1EEE Standard Test Procedures for Germanium Gamma-Ray Detectors]

echnique to enrich selective ions of one element (e.g. by ion exchange or precipitation)

table gamma-ray spectrometer for the direct measurement (e.g. in the environment

and
hma-
th as

mber

photopeak

peak observed above the background continuum in a gamma-ray spectrum due to events that deposit
the full energy of the photon in the detector material, usually approximately Gaussian in shape

3.18

radionuclide
radioactive nuclide

[SOURCE: IEV 881-02-36]

3.19
real time

time taken to acquire a spectrum

Note 1 to entry: The time is given in seconds.

4
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3.20

reference source

source containing one or more radionuclides in solid, liquid or gaseous form, sealed in a suitable
container, of known activity (Bq, Bq:g1 or Bq-ml-1), prepared such that the activity is traceable to
national or international primary standards of radioactivity

3.21
region of interest
part of the spectrum that brackets a photopeak

3.22

" " "
Spectrometry-system

com
rays

3.23

test

lete assembly of the sensor and associated pulse-processing electronics that converts|the gamma-
detected by the sensor into a pulse-height spectrum

sample

arteffact (for example sample of soil in a plastic container) for measurement 6f the content of gamma-ray

emitting radionuclides

3.24
true|coincidence summing

simufltaneous detection of two or more gamma-rays in the speetrometry system, due to thq emission of

a cascade of gamma-rays in the decay of a single nucleus in the’tést sample

4 $ymbols and units

For the purpose of this document, the following symbols apply.

Table 1. < Symbols and units

A Activity (Bq) of each radionuclide’in the calibration source at the time of calibration (¢.)
a,a Activity (Bq) of radionuclide'in the sample, activity per unit mass (Bq-kg-1), in the sample
* Decision threshold (Bq)
a* Detection limit (Bg)
a True value of the activity (Bq)
EE Detection effici€ncy at energy, E
fd Factor to‘correct for the radioactive decay during the counting time, t and ¢;
PE Probability of the emission by a radionuclide of a gamma-ray with energy, E, per decay
A Décay constant of a radionuclide (s-1). The decay constant equals In2-t1;,-1
m Sample mass (kg)
NN, E Number of counts in the net area of the photopeak at energy, E, in the sample spectrum
NNs,E Number of counts in the net area of the photopeak at energy, E, in calibration spectrum
u Standard uncertainty associated with the measurement result (Bq)
U Expanded uncertainty calculated by U = k-u where k is the coverage factor (Bq)
t Sample spectrum counting time (live time) (s)
ti Time between the reference time for the results and the start of the count time (s)
ts Calibration spectrum counting time (live time) (s)
ty, Half-life of a radionuclide (s)
vV Sample volume (m3)
© IS0 2019 - All rights reserved 5
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5 Principle

5.1 General

The activity of gamma-ray emitting radionuclides in test samples is commonly determined using high
resolution gamma-ray spectrometry techniques based on the analysis of the energies and the areas of
the photopeaks. These techniques allow the identification and the quantification of the radionuclides
and are normally performed by the analysis software.

NOTE Lower-resolution detectors, such as sodium iodide or other scintillation materials, can be used for
the measurement of radioactivity in test samples in certain cases (see ISO 19581). For example, low-resolution

detectors ar¢ useful for rapid screening of samples of foodstuffs in the case of a nuclear incident but
resolution sgectrometry is essential for samples that can contain complex mixtures of radionuclides,, s
environmentpl samples.

The nature pnd geometry of the detectors as well as the test samples call for appropriate energy
efficiency calibrations. For semi-conductor detectors, freed charge is generated by-the interacti
ionising radiation with the detector material (through the photoelectric effect,‘the Compton g
or pair prodluction). A high-voltage supply applies a bias voltage to the detector crystal resulti
an electric flield. The freed charge is accelerated by the electric field towards the detector electr

The collectd

d charge is converted into an output voltage pulse by a preamplifier and the output |

high-
ch as

r and
bn of
ffect
ng in
bdes.
bulse

is shaped anpd amplified by the main amplifier. The pulse amplitude is Converted to a digital valyie by

an analog-t
multichanng
hence to the
acquisition i

The spectry
continuum

photopeaks
depends on
photons of t
dead time).

two differer

5.2 Sumiy

The number
of interest
number of ¢

H
N=zC-
i=L

b-digital converter (ADC) and the pulse-height histogram) (spectrum) is stored us
bl analyzer (MCA). The height of the pulse is proportionalto the amount of freed charg
energy of the ionising radiation striking the sensitive,volume of the detector. Digital

m stored by the MCA shows a set of peaks (photopeaks) superimposed on a backgr
from scattered radiation; Reference [21]:c@ntains examples of gamma-ray spectra
are approximately Gaussian in shape, The channel number of the photopeak cen
the energy of the photon detected. The'niet photopeak area is proportional to the numl
hat energy that have interacted with the detector during the counting period (correctd

ystems are also available that carry out the same function as the analogue electronicy.

ng a
b and
data

pund

The
[troid
er of
d for

[he net photopeak area is normally'determined in the analysis software package by one of

t techniques - summation or fitting.

hing method

of counts in the photepeak is calculated by summing the total number of counts in a ¢
hround the photopéak and subtracting counts in the background continuum. The
bunts is given hyy

where

pgion
total

M

N

interest;

Ci

is the number of counts in channel number i.

is the total number of counts from channel L (lowest) to channel H (highest) in the region of

Assuming the background continuum under the photopeak is linear, the background in the same region
of interest is given by:

where

B_"(CL+CH)

2

(2)
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is the number of counts in the background from channel L to channel H;

is the number of channels in the region of interest (n = H - L + 1).

The net photopeak area is given by N - B and the standard uncertainty in the photopeak area (assuming

a Poi

u-ZC+

Diffe
regid
caref
phot

The j

whet

(

(

5.3

In th
func
is no|
phot
the

appr
The {

The 1
activ
COIT¢
shall
softy

NOTH
be ap

sson distribution for the contents of each channel) is given by:

%

CL+CH)
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Fent software packages use different methods to determine the upper and lower bq
n of interest and the shape of the background function. The region of interest shall
ully, particularly when the photopeak is near to discontinuities in the spectnum, n
ppeak or located on a high background continuum (see Reference [2]).

photopeak position is generally determined from the net counts in each channel:

i- C

I
ZH

C.
i=L !

’

L

h is the photopeak position (channel);

b

i isthe net countin channel i.

Fitting method

s method, the net photopeak area is.determined by non-linear least squares fitting of

rmally Gaussian, but some apprioaches include one or more exponential tails to app
ppeak shape more closely. The net photopeak area and photopeak position are deter]
alues of the fitted parametérs. Further details on the uncertainty in the photopeak ar¢
pach are given in Reference’[2].

itting method shallbeuised to determine the net areas of overlapping photopeaks in a

adionuclides in-the test sample may be identified from the energies of the photopeaks
ity (Bq) in the-tést sample may also be determined from the count rate observed in the
bcted for factors such as detection efficiency, gamma-ray-emission probability and
also betaken to apply corrections for effects not covered by many commercial spectr]
vare packages, such as true coincidence summing.

unds of the
be selected
ear another

4)

n analytical

ion to the counts in the region of interest. The analytical function for an individuall photopeak

oximate the
mined from
ba using this

spectrum.

present; the
photopeak,
decay. Care
um analysis

This description applies to semi-conductor detectors including CdZnTe but similar pring

iples can also

plied to other detectors [Nal(Tl), LaBr3(Ce), CeBr3, etc.].

6 Validating measurements by gamma-ray spectrometry

6.1

General

This subclause describes the steps to be followed from setting out the customer requirements and
selecting the equipment through to operation and maintenance, as also required by ISO/IEC 17025.
Documented evidence shall be available to demonstrate that the measurement procedures meet
customer requirements. The validation process is summarized in Figure 1.
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6.2 Step

Figure 1 — Schematic diagram of validation process

|: customer requirements

The specification for the spectrometry system shall be defined, ineluding the energy r
characteristic limits, maximum activity and uncertainty required by theleustomer. In consultation
other memblers of staff as appropriate, the specification shall also také.nto account:

— compat

bility with existing equipment;

— location (for example proximity to high activity radioactivé’sources, accelerators, reactors);

— environmental conditions;

— training requirements;

— documgntation needed;

— sample
— activity|
— measur

The user req
in terms of
water samp

fhroughput and turnaround times;
of samples;

bment uncertainties required.

pass/fail critefiafor the samples (for example testing if the activity content of a dri
e meets national regulations). The characteristic limits required should be estimateq

the value for the detection limit shall be lower than the required limits.

6.3 Step

p: technical requirements

hnge,
with

juirements may also’be set by the customer or local, national or international requirenpents

king
| and

The technical Tequirements for the spectrometry system shall be defined to meet the requiremen
outin Step 1 (see 6.2). These requirements shall include:

(s set

— characteristics of detector [for example detector type (see Annex D), detector geometry, detector
window material, use of selected low-background materials];

— type of cooling system if required (liquid nitrogen, electro-cooling system or electro-mechanical
cryocoolers);

— shielding and other methods to reduce background radiation;

— sample positioning system/auto-sample changer;

— environmental conditions;
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type of signal processing electronics (analogue or digital);
type of preamplifier (resistive feedback or reset-type feedback);
power supply requirements;

software requirements for data collection, analysis and storage (duration);

minimizing correction factors to meet requirements for measurement uncertainties (see Annexes B,

CandF).

It is recommended that the following issues are taken into account in the technical requirements (see

also

a)

b)

d)

£)

g)

h)

j)

© IS0 2019 - All rights reserved

eferences [3] and [Z4]):

The detector should normally be shielded from all sides (including the base), to réduce
gignals originating from cosmic radiation, naturally occurring radionuglides frqg
materials or from other sources of ionising radiation such as an accelerator!ltis usua
o shield the detector with 10 cm thick, low-background lead walls. Thewalls may b

¢admium and copper sheets or other materials, to attenuate fluorescence X-rays from

eduction of the radon inside the shield is desirable for measuring low-activity sampl
e achieved by displacing the air inside the shield with nitrogen boiled off from the cod

$teps to reduce the background include using selected low-background lead, low-

materials for the detector itself, forced ventilation, ofithe laboratory and air filtrati
¢oincidence shield may also be used.

.

]

[he three main geometries of germanium detectors available are planar, coaxial an|
ach has specific advantages depending onsthe circumstances. Coaxial detectors a
ised with large volume samples, wherea§‘the well-type detectors are most efficie
rolume samples. Planar detectors can beiseful for detecting photons with energies be
3s they can have better energy resolition than coaxial detectors at these energies. M
information on the detectors is givenin Annex D and Reference [4].

For laboratory use, the spectrometer should be located in a facility with a sta

background
m building
ly sufficient
e lined with
interactions

f the gamma-rays with the lead, particularly if measurements below. 100 keV are requiired.

bs. This may
ling Dewar.

background
bn. An anti-

d well-type.
re generally
nt for small
low 200 keV
ore detailed

ble ambient

lemperature. It should be peted that changes in ambient temperature can affect the amplifier gain,

¢hanging the energy calibration significantly. The power supply should be clean (free

from spikes

and dropouts) and stable, or provided with a power conditioner or uninterruptible p(j;lwer supply.

[nstrument grounds-should be isolated and connected to local ground at one point
ground loops thatmay affect the detector resolution.

he specification should include the requirement for an automatic high voltage cut-o
Jignal which is activated if the temperature of the crystal increases due to a malfu
the cryostat or electrocooling system, or failure to maintain the correct level of liquid

ly to avoid

'f and alarm
hctioning of
nitrogen in

recommended.

air changes,

gen depletion alarm are

Depending on the required accuracy and the desired detection limit, it is generally necessary to use
high-quality detectors whose energy resolution (FWHM) is less than 2 keV (for the 60Co photopeak
at 1,3 MeV) and with a peak-to-Compton ratio between 50 and 80 for the 60Co photopeak.

The characteristic limits required should be taken into account in setting the technical specification
(which determines the detector type and size, geometry and shielding needed). It may be necessary
to refer to the scientific literature to estimate the characteristic limits or to previous experience
with similar detectors.

Care shall be taken to ensure that the reference sources and test samples do not contaminate the
detector, sample holders or shields. A protective film on the source holder may be useful.
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k) Microphonics can result in an increase in the FWHM of the photopeaks; it may be necessary to
place the detector on an anti-vibration mat.

6.4 Step 3: detailed design

Based on the above specification, identify the instruments and software available. The detailed design
for the system shall be documented, listing the manufacturer and model numbers for the components
chosen. A comparison with the initial specification and the justification for any deviations from the
specification shall be made and documented.

6.5 Step 4-installatien

The installation of the system shall be documented and retained, including:
— record ¢f equipment type, manufacturer, location, serial number;

— parts check list;

— surfacelfinish inspection;

— arecord that utilities provided on site have the capacity for the equipmient (for example electrical
power supply);

— propertfies of the shielding (if applicable);

— arecord of documents, including as-built drawings, maintenance program, manual and results ffrom
supplief’s tests.

6.6 Step b: validation studies

Tests shall be carried out and documented to demtonstrate that the spectrometry system meetp the
specificatiop and is fit for purpose. Appropriatetstatistical tests (such as the t-test) shall be used to
demonstratg conformance with specificatipit:»The main characteristics that shall be tested in¢lude
(see also References [3] and [24]):

— energy fesolution (FWHM), which eénables the detector to separate two neighbouring photoppgaks.
This tegt shall be carried out oventhe energy range of interest for measurements;

— detectiqgn efficiency, whichCspeécifies the number of photons detected in the photopeak relatiyve to
the number of photons emitted;

— the effefts of variatiemrin sample preparation, geometry and composition;
— the repfoducibility of sample positioning;

— the effefts’of variation of ambient environmental conditions (e.g. temperature) on results (thi§ may
be achigved by monitoring results from quality control checks over a long period);

— characteristic limits;

— accuracy of the dead-time and pile-up correction technique chosen for the specified range of count
rates (see B.4).

A maintenance and quality control program shall be defined, along with the operating procedure
(further details of the quality control program are given in Annex A). Other tests can be carried out as
recommended by the manufacturer, such as the peak-to-Compton ratio.

10 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=215249fb75c0cf4703e7b1978c1ea9a5

IS0 20042:2019(E)

6.7 Step 6: robustness

Tests shall be conducted and documented to demonstrate that the spectrometry system meets the
specification in routine use. This should include demonstrating consistent results for samples assayed

by different members of staff under different conditions.

Authorisation for the spectrometry system to be placed into service shall be documented.

6.8 Step 7: operation and maintenance

Tests shall be implemented following the defined program and the results recorded to demonstrate

that fhe spectrometry system continues to meet the specirication. T'hese tests may include:

uality control tests of the energy calibration, the detection efficiency and the FWHM,
nergy range of interest;

easurement of the background spectrum;
articipation in proficiency test exercises;
in-house cross check programme;

etailed quality tests of the detection efficiency and comparison to previous med

¢alibrations, which covers more photopeaks than in the freguent quality control tests.

The

warf
chan
chen
spec

Hetection efficiency shall also be measured following\a repair of the measurement s
h up, or a major software or hardware change that could have an impact. This inclu
ges to the shielding or the sample properties:{e.g. the sample container, geometry,
ical form) that could impact the detection efficiency. If any significant changes are o
'rometer shall be recalibrated.

The spectrometer shall also be recalibrated:at a defined frequency, the interval between
taking into account any drifts observedAn-the quality control checks, decay of the check
application (including local regulations).and the requirement to ensure staff skills are mair

It is
and
diffe

o compare the detector (efficiency curves to those from previous calibrations. If tH
Fences greater than 5 %, the cause should be investigated and correction action taken.

merical methods.are used to calibrate the detector, the manufacturer’s recommel
ibration shall be&followed.

If nu
recal

ecommended that the quality control tests are conducted at least weekly. More frequ
mmended if samples containing low activities are to be measured, as there may be no
b spectruim to use as internal checks.

Itis
recol
in th

rovering the

surements/

bt-up, a long
les also any
physical or
bserved the

calibrations
sources, the
tained.

ronsidered best practice to perform a detector efficiency calibration once every 1 yealr to 5 years,

ere are any

ndations for

bnt tests are
photopeaks

7

1
I

7.1 Recommended nuclear decay data

Nuclear decay data (half-lives, gamma-ray energy and emission probabilities) are available from the
scientific literature, databases and other publications. There are often differences between the values
depending on the original data used and the evaluation method.

To ensure consistent results from gamma-ray spectrometry measurements, nuclear decay data used
for instrument calibration or for estimating the activity content of samples, should therefore be taken
from the Decay Data Evaluation Project (http://www.Inhb.fr/nuclear-data/). If no evaluation of the
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nuclear decay data of the radionuclide of interest is available in this database, the following databases
should be consulted:

— Joint Evaluated Fission and Fusion (JEFF) Library (http://www.oecd-nea.org/dbdata/);

National Nuclear Data Center database (https://www.nndc.bnl.gov/);

Evaluated Nuclear Data File (ENDF) (https://www-nds.iaea.org/exfor/endf.htm ).

7.2 Selection of gamma-ray photopeaks for inclusion in spectrum analysis libraries
advaneq the
ty of
sons
h-ray

A ray cnactromantiey analucic maclbagnc wooira tha wicar 0 caloct 10
ra-Fay—Sspectrometry—analyst s—packages—require—the—user—to—seleet—in
s for analysis, the gamma-ray emissions and those to be used in estimating the actiy
‘lides present. This information is recorded in a spectrum analysis library and the red
ction should be documented. The following criteria should be used to select gamm

for inclusion in the spectrum analysis library:

Most gam
radionuclidg
the radionu
for the sele
photopeaks

intense photopeak with low uncertainty on emission probability;

eaks
facts

arated (several FWHM) from other photopeaks in the decay of the radionuclide, photog
ner radionuclides presentin the sample or present in the background spectrum, and arte
pectrum (such as backscatter peaks, escape peaks and Compton-edge);

well sef
from ot}
in the sj

in an enprgy region where the calibration of the instrument is welbknown (typically above 300 keV);

low corfection for true summing or accurately estimated correction.

Use of the[511 keV photopeak from positron annihilatien should be avoided for the follo
reasons: anpihilation may take place outside of the sample)so the geometry of the sample is ill-def]
positron anpihilation-in-flight shall be corrected for; theé photopeak is broadened due to the Doppler
effect so thelnet photopeak area may not be determinéd correctly by the software package; high energy
photons produced in other decays or by other radjonuclides may result in pair production in the sample
or surroundiing materials, resulting in additional,€ounts in the 511 keV photopeak.

wing
ined;

The use of X
of the excitg
low- and hig
the photope
than radion

Additional

library to e
interest. Ho
radionuclidé
activity in o

!

-rays should also be avoided in estimating sample activities. Due to the very short lifg
d atomic states, Lorentzian broadening of the photopeaks can be significant resulti
h-energy tails on photopéaks; as a result, photopeak analysis software can underesti
ak area if these tails are/omitted from the model used. As the X-rays are element r
iclide specific, X-rays may originate from more than one radionuclide in the sample.

hotopeaks not.meeting the above criteria should be included in the spectrum ang
sure that interferences from other radionuclides are subtracted from the radionucli
ivever, onlyphotopeaks meeting the above criteria should be used in the calculation

activity:It'is recommended that only one photopeak is used to calculate the radiony
rder tasimplify the calculation of the measurement uncertainty.

time
hg in
mate
hther

lysis
de of
f the
clide

7.3 Decay

T LY

The algorithm used by the analysis software to determine the activities of radionuclides present in the
sample shall be reviewed to assess how the activity of radionuclides in decay chains is calculated. If no
correction is made for decay chains, the activities of the radionuclides affected may have to be calculated
manually (see Reference [5]). Alternatively, if radionuclides in a decay chain are in equilibrium with a
long lived parent radionuclide, the half-life of the daughter radionuclides may be set equal to that of the
parent radionuclide.

Errors may result in an analysis if this effect is not considered, as the analysis software may reject
the presence of radionuclides with very short half-lives or calculate their activity based on the short
half-lives.
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8 Detector energy and efficiency calibration

8.1 Energy calibration

For reliable radionuclide identification, the energy calibration should be accurate to better than
0,2 keV over the energy range (see A.6). The energy calibration of the spectrometer shall therefore be
established using one or more sources containing radionuclides that emit gamma-rays that cover the
energy range of interest. This calibration establishes the relationship between the channel number
of the photopeak centroid and the known energy of the photons. This task is normally carried out
using commercially-available software to determine the photopeak centroid (channel) and to match

this

tothe energy (keV) The software also determines the full width half maximum of the full energy

photppeaks. This information is used by the photopeak search algorithm and for theCeglculation of
characteristic limits.

The fount rate in the detector shall be such that the photopeak shape is not distorted due to pulse
pile-tip; a dead time less than 10 % normally suffices. For a Germanium spectrgmeter, the photopeak
position should be determined with an accuracy of better than 0,2 keV.

NOTH A photopeak area of approximately 50 000 counts normally meets¢this'requirement for § Germanium
spectirometer.

A calibration curve (energy vs channel) should be calculated by léast-squares fitting, so that photopeak
energies may be interpolated. A linear or quadratic functionyis’ normally sufficient but higher order
polyhomials may be required. A similar process should.bhe used to determine the full width half
maxijmum as a function of energy.

Care|shall be taken when extrapolating the energy.€alibration curve. Photopeaks in the |pbackground
specfrum or X-rays should be used to check the accutacy of the extrapolated curve, and the extrapolation
should be plotted to check for large deviations ffom a linear function due to quadratic or higher order
comjponents.

8.2 | Efficiency calibration

The {

ollowing approaches may be,considered for determining the detection efficiency:

— (lirectcomparison with areference source of the same radionuclide in the same matrixar

1

4

q

N

This approach is appropriate if the aim of the measurement is to determine the activit

adionuclide or if the.photon energy is in an energy region that is difficult to calibra

20 keV to 100 keV)slt'may also be required if true coincidence summing corrections ar

for example, when measuring a gamma-ray emitting radionuclide with a complex dg
ing a high efficiency detector such as a well detector);

s
— :Leasurement of the full energy photopeak detection efficiency as a function of energy;

aleulation of the full energy photopeak detection efficiency as a function of energy by

d geometry.
y of a single
te (typically
e significant
tcay scheme

Monte Carlo

imulation or other modelling technique. Such numerical models are sensitive to input

parameters

such as the detector dimensions, and therefore shall be checked using at least one reference
source containing radionuclides that emit gamma-rays covering the energy range of interest. If a
discrepancy is found between efficiency calculated using the model and the reference source, the
discrepancy shall be investigated and corrections applied to the numerical model.

The same algorithm for analysis of the spectrum shall be used for both calibration and sample
measurement.

The detection efficiency is affected by the following factors:

the detector;

— the geometry of the sample with respect to the detector (solid angle);

— the density of the sample and the sample container characteristics;

© ISO
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— the sample mass and chemical composition;
— the heterogeneity of the sample matrix with respect to activity, density and chemical composition.

When one of these factors is changed, the detection efficiency shall be re-evaluated for the new
conditions.

If no numerical model is used, the test sample measurement shall be performed with comparable
measuring conditions as used for calibrating the gamma-ray spectrometry system. In particular, the
measurement geometry, the position of the reference source in relation to the detector and the test
sample and reference source matrices should be identical. Corrections should be applied to account for

differences

nthe matrix and other factors that can affect the detection pf‘fir‘ipnr‘y as appropriate

fthe

efficiency c4
match the it

In most pra
than for the
count rate d
by the analy
but evidenc

The photop
photopeak 3
10 000 cour
data set if vi

The detectiq

n
£p =—
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libration method uses a numerical model, the parameters used to describe the sample
em being measured.

‘tical measurements, the instrument dead time for the calibration measuremeénts is h
sample measurements. The activity of the efficiency calibration source shall be such
oes not distort the photopeak shape and that an accurate dead-time cqrrection is ap
sis software; a dead time of less than 5 % normally suffices. Higher deadtimes may be
e of the accuracy of the dead-time correction shall be required.

irea is small in comparison with other components of uncértainty. A photopeak ar
ts is normally sufficient. The photopeak shall be discarded’from the efficiency calibr
sual inspection shows that it is not Gaussian in shape.

n efficiency for each photopeak in the calibration spectrum shall be calculated as folld

NOTE T

The detecti
to enable dd

of energy and software packages offera choice of different functions. The selection of the fit fun

shall be bas
of the funct
too many vd
above the r{
modelling.

8.3 Sourty

The energy
radionuclidg

!

is formula assumes negligible decay of the calibration source during the acquisition time.

n efficiency as a function of enérgy should be calculated and, if required, a function f
tection efficiency to be interpolated. The detection efficiency is a rapidly varying fun

ed on an evaluation of the“goodness of fit parameter (chi-squared) and visual inspe

riable parameters(Extrapolation of the efficiency calibration function to energies belg
nge of the calibration points shall not be used unless supported by other evidence su

re(s) forenergy calibration

calibration of the spectrometer shall be established using one or more sources conta

shall

gher
that
plied
used

eaks in the spectrum shall contain sufficient counts such that the uncertainty in the

ea of
htion

WS:

(5)

itted
ction
ction
ction

on to confirm that the fitted function does not deviate from a smooth curve due to fising

W or
ch as

ning
form

sthat emit gamma-rays that cover the energy range of interest. Sources can be of any

but the dead time of the spectrometer for the measurements shall be such that the photopeak shape is
not distorted and pulse pile-up avoided.

The source(s) shall emit gamma-rays spread across the energy range of interest. The number of
photopeaks to use depends on the order of polynomial needed for the energy vs. channel calibration
curve; normally 5 to 10 photopeaks should be sufficient. Sources containing long-lived radionuclides
(for example 152Eu, 241Am, 60Co or 137Cs) are recommended for this purpose. For periodical checks of
the energy calibration, a smaller number of energy photopeaks may be used.
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8.4 Reference source(s) for efficiency calibration

8.4.1 General

The general method to calibrate the spectrometer is to establish the detection efficiency as a function
of energy for a defined geometry and energy range. One or more reference sources containing single or
multiple radionuclides may be used for this purpose. The activity or emission rates of the radionuclide(s)
in the reference source(s) shall be traceable to national or international standards.

The energies of the emitted gamma-rays shall be distributed over the entire energy range of interest, in
such a way that the energy-dependent efficiency of the spectrometer can be determined in a sufficiently
accurate way. For most purposes, the accuracy is sufficient for an energy range of 60 keV to|1 836 keV if
a mullti-radionuclide source is used containing all or most of the following radionuclides: 241Am, 109Cd,
57Co 139Ce’ 203Hg’ 51Cr’ 113Sn’ SSSr, 137CS, 54Mn, 59Fe’ 60CO, 657n or 88Y.

For gletermining the activity of radionuclides emitting gamma ray or X-raysyinl the energy region
less than 60 keV, the spectrometry system can be calibrated using a referefice’source containing the
radignuclides of interest.

It may be necessary to take into account true coincidence summing corrections for theg calibration
radignuclides (for example 60Co and 88Y).

8.4.2 Reference sources for laboratory systems

Refefence sources for laboratory-based spectrometry systems shall match, as closely as possible, the
geonjetry, density and matrix of the samples to be measured. Reference sources may lpe prepared
from| standardised solutions or purchased as sealed*seurces. Only standardised solutions pr reference
sourges that are traceable to national or internatienal primary standards of radioactivity shall be used.

If no| reference materials are available to match the samples, correction factors shall bg calculated,
documented and be applied to results fromr the measurements to take into account differences in
detegtion efficiency due to geometry, density and matrix effects.

Ifar¢ference source is prepared by dilution from a standardised solution, the supplier’s recommendation
on the chemical form of the diluent'shall be followed. It is also recommended that the dispenging process
includes checks for possible lésses of active material and on the accuracy of dispensing (for example
gravimetric, volumetric and‘radiometric techniques should be used and cross-checked).

8.4.3 Reference sources used with numerical methods

Refefence sourc€s-for gamma-ray spectrometry systems based on numerical models shall be used
following the manufacturer’s recommendations. The activity or the emission rates of the reference
sourges shalkbe traceable to national or international standards.

9 S$ample container

Sample containers shall be used taking into account the following factors:

— reproducibility of measurements (Annex F contains information on the impact of sample geometry
and positioning on reproducibility);

— the effect of sample geometry and self-absorption;

— optimisation of detection efficiency (for example the use of Marinelli beakers to maximize detection
efficiency for low activity samples or the use of jigs to position high activity samples at a fixed
distance from the detector to reduce dead-time effects);

— the risk of evaporation of solutions and the loss of volatile elements such as iodine or radioactive
gases such as radon;
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“radiopurity” (little or no radioactive contamination) of the container materials;
the risk of chemical reactions with the test sample or reference material;

ease of filling (a wide-necked opening is recommended);

transparency, with a clear fill line to ensure consistent fill height;

robustness if dropped accidently (any contamination of the detector or the surrounding materials
is extremely difficult to remove);

absorption of low-energy gamma-rays and X-rays in the container material (use of thin material to
maximife detection efficiency, or a thicker material to absorb low energy gamma-rays and X-rgdys to
reduce ¢orrections for true summing or dead time).

If container
the risk of ¢
reduce the 1

5 are re-used, they shall be cleaned thoroughly to ensure sample integritynand to avoid
ross-contamination. It may also be useful to place containers in clean, thin, plastic balgs to
isk of contaminating work surfaces or the spectrometer.

10 Procedure

10.1 Sample measuring procedure

10.1.1 Sampling

Samples shdll be collected in accordance with the relevant stafidard (See Table 2).

The following information shall be recorded:

a unique identifier for the sample;

location;

)

referenge to the sampling procedure followed;

sampling date and time;
sample description (physical,-chemical, biological form, mass and volume, as appropriate);

name of

the operator.

veral

Special hang
days) betwyq
are transpo

Iling of samples‘may be required to avoid degradation if there is risk of a long delay (se
en sampliig-and measurement. If samples are perishable, it is recommended that
rted and stored in the absence of light and at a temperature between 1 °Cand 5 °C b

they
bfore

processing dnd measurement.

nla

Pic

10.1.2 Sant preparation
The techniques for sample preparation shall be documented. All the information gathered during
sampling as described in 10.1.1 shall be handed over to the personnel responsible for sample
preparation, measurements and analysis. Additional information may be provided to the analyst on the
sampling procedure (date, location, etc.), in order to inform the spectrum analysis process.

Samples shall be prepared following the requirements of the standards listed in Table 2; if no relevant
standard is available samples shall be prepared for measurement in accordance with the customer’s
requirements, the radionuclides analysed, the risk of loss of radionuclides of interest during preparation,
the sample container chosen and the desired measurement sensitivity. Alternative sample preparation
procedures can be used but shall be validated in compliance with the requirements of ISO/IEC 17025.

Consideration shall be given to ensuring homogeneity, optimising the sample geometry, minimising
the density correction, minimising the loss of activity (for example, of volatile radionuclides) and
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the shelf life required. Objects in the sample which could cause heterogeneity shall be removed and
measured separately if necessary to determine if the object is not representative of the sample and
contains significantly higher or lower activity. The effect of inhomogeneity shall be assessed and taken
into account in the uncertainty budget. If there is a requirement, samples may be fractionated (e.g.
according to particle size, solid or colloidal phase). The preparation technique may also depend on the
sample size available.

Solid samples may be measured as supplied, dried or ashed. Oven-drying and freeze-drying, calcination,
and fractionation and comminution can be used.

Liquid samples may be measured as supplied, concentrated or diluted. Concentration by evaporation,

perc platton uoius ton cz\\,hausc restHror—concentration b_y Pt C\,iyitatiuu uoqu selective }recipitating
agents can be used.
Gasepus samples may be measured as supplied in gas-tight containers under atmosphere|pressure or
robust, vacuum-tight and pressure-tight containers with special couplings forifilling and measuring
unddr pressure.
The |sample condition (fresh, dry, or ashed) shall be recorded so the~analyst can defermine the
apprppriate calibration to use and correction factors for self-absorptionto apply.
NOTH Similarly, the concentration level (fresh/dry weight ratio, liqiiid concentration) and|radionuclide
activity levels should be specified to identify situations deviating from¥outine laboratory measurenents.
If a cpncentration technique is used such as evaporation or percolation, the chemical yield of process for
the relevant elements shall be determined including its uncertainty and variability.
Table 2 — Standards for sampling and sample preparation of different types of yample
Type of Sample Standard referendes
Water o) )
Potable water, seawater, rainwater and ground water I1SO 10703
1S0 5667-1
Waste water, sewage sludge ISO 5667-10
N
Food o)
Milk and milk products ISO 707
ISO 5538
Meat ISO 17604
Cereals andcereal products 1SO 24333
Veget@t‘%‘
0i] seeds ISO 542
Oil'seeds residue ISO 5500
nil' rnrl(, hpdrnr'l(' hnilrling materials
Soil, rock, bedrock, building materials I1SO 18589-2
Soil from gardens, farmland, urban or industrial sites that can con- |ISO 18400-101
tain l?qlldlng materials rubble, as well as soil not affected by human 1SO 18400-102
activities
ISO 18400-104
ISO 18400-107
ISO 18400-202
ISO 18400-203
ISO 18400-205
© IS0 2019 - All rights reserved 17
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Table 2 (continued)

Standard references
ISO 18400-204

Type of Sample

Soil gas

In situ measurement

Surface contamination and contamination of soil (environment) ISO 18589-7

and of walls of a building (decommissioning)

10.1.3 Loading the sample container

ontainarchall ba load
Shteae—S5aarBe16a6t

The sample

L and
ction
pight
lling
lling

fill the ¢ontainer to the same height as that used for the calibration source. The filling heigh
flatnesq shall be checked by eye and material added until the reference line is reached. Alcorre
factor mpay be required if there is insufficient material to fill the container up to the desired h
(Annex [F may be consulted to estimate the order of magnitude of the effect). A thechanical f
device quch as a compactor, tapping device or vibrating table can be used to ensure’consistent f
by flatt¢ning-out the filled volume;

record the sample mass and/or volume;

seal the|container;

. The
- and

clean thie outside of the container to remove potential contamination during the filling process
container may be sealed in a clean plastic bag to reduce theqisk of contaminating the detecto
the samjple holder.

uring gaseous decay products the sealed container shall be stored long enough to gllow

pquilibrium to be reached.

When meas
radioactive

10.1.4 Recprding the sample spectrum

The test saniple shall be placed in the countifig'chamber for measurement in an accurately reprodycible
position, at the same position as the calibration source. The spectrum shall be recorded, along with the
start time apd date of the measurement:\The dead time of the instrument shall be within the ranjge of

dead times
can be const
shall be carf

overed in the validation-process; if the dead time is higher than this value, a positioni
ructed to increase the.source to detector distance but a new detection efficiency calibr
ied out for this positien.

\g jig
htion

cient
t the

The spectrum shall be acquired until the required characteristic limit is reached or there are suffi
counts in the net photop€ak area(s) to meet the required uncertainty, taking into accoun
requirement to subtractthe background spectrum. This may take many hours.

10.2 Analysiscof the spectrum

10.2.1 Procedure for laboratory-based measuring systems

The energy and the net photopeak areas of the photopeaks in the spectrum shall be calculated to
determine the sample activity or sample activity concentration using the same spectrum analysis
software as that used to calibrate the instrument. Deconvolution of overlapping photopeaks may
require manual adjustment of analysis parameters to ensure a good fit to the data.

Photopeaks shall be used to identify the radionuclides in the sample. The identification should take into
account the accuracy and stability of the energy calibration, the accuracy of the determination of the
energy of the photopeaks in the sample spectrum and any additional information available on which
radionuclides may be present in the sample. Possible radionuclides can be included in the nuclear data
library used for the analysis.
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Depending on the application and local regulations, it is recommended that all spectra are inspected
visually to ensure that all the photopeaks in the spectra have been identified and overlapping
photopeaks de-convoluted correctly.

Artefacts in the spectrum may be observed and should be identified, such as sum photopeaks,
fluorescent X-rays from shielding materials, escape photopeaks and Compton edges (see Figure 2).
Detailed information can be found in Reference [4] and the scientific literature.

1,0E + 07
1,0E + 06
1,0E + 05 e —
IS =R
1,0E + 04 -2l T MY
T ‘i’ —
Y [1,0E + 03 o S
' =
) hY
1,0E + 02 w
it
1,0E + 01
1,0E + 00 i
1,0E - 01 | Rty
0,00E+00 500E+02 1,00E+©®3 150E+03 2,00E+03 250E+03 B,00E+03
X
Key
X  gnergy, in keV f Compton edge from 1 172 keV photopeak.
Y (ounts &  Compton edge from 1 333 keV photopeak.
a  llead X-rays from shield., h 1172 keV photopeak.
b Backscatter peak. i Summing.
¢ Double escape peak: j 1 333 keV photopeak.
d  Positron annihilation (511 keV). kK Sum peak (1172 + 1 333 keV).
e Single escapepeak. 1 Sum peak (2 x 1 333 keV).
Figure 2 — Typical spectrum from a high resolution gamma-ray spectromel|er

Figure 2 shows the number of counts versus energy (keV) from a 60Co source. The Gaussian-shaped
photopeaks are shown (footnotes h and j), along with the background continuum and examples of
spectrum artefacts. Further information on the origin of the artefacts is given in Reference [5].

10.2.2 Background corrections

Areas of photopeaks used for evaluating activities of radionuclides shall be corrected for the background
contribution, taking into account any difference in the duration of the sample and background
measurements.

The detector, the sample container or the detector surroundings may be contaminated or may contain
naturally-occurring radionuclides (see also ISO 18589-3). This can give rise to photopeaks in the
spectrum not originating from the sample. For this reason, a background spectrum shall be recorded at
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frequent defined intervals for subtraction from the sample spectrum and to identify any contamination
of the detector so that it may be cleaned, if required.

Additional advice to take into account during the measurement of natural radionuclides in soil and

information

on spectroscopic interferences is given in ISO 18589-3.

Large samples may shield the detector from the ambient background radiation. The background
spectrum should be obtained using a blank sample, in the same geometry as the samples to be measured.

The background acquisition time shall be greater than or equal to the acquisition time used for sample
measurements.

The backgrgund spectrum may be analysed to identify the origin of the photopeaks in the spec

(for examplg
contaminati

Other influ
radioactive

11 Expre:

11.1 Calcu

The activity]

a=ny g| fa(Pg €g t)
where
At At
o[ 25]
1—e_’“

corrects for
for the resu

NOTE1 ¢
NOTE 2

The result s

or per volunme (a/V Bq-m=3). Prefixes to units may be used, for example, ml in place of m3.

Corrections

differen

This calculation canusuadlly be performed by the analysis software package.

e, naturally occurring radioactive impurities in the detector materials) in order to.chéq
on of the detector, shield, sample containers or sample holders.

bnices on background spectrum can include airborne radioactivity suchtas radd

sources stored in the vicinity of the detector.

s5sion of results

lation of activity and activity per kg (or m3) of sample

a, of each radionuclide in the sample is given by Formulae (5), (6) and (7):

-1

radioactive decay during the counting time ¢, and ¢; is the time between the reference
ts and the start of the counttime.

s positive if the reference'time is before the measurement time.

hall be statedyas’'required by the customer: for example, as activity per mass (a/m Bq:

shall be-applied to the results for the following effects:

cés,between the test sample and the reference source used for instrument calibration

frum

k for

n or

(6)

(7)

time

kg1)

— true coi

dead time and pile up;

ncidence summing.

Recommendations on applying corrections for these effects are summarised in Annex B.

Recommendations on estimating the measurement uncertainties are given in Annex C. Advice is also

included on

20

implementing the uncertainty budget in commercial software packages.
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11.2 Determination of the characteristic limits

Characteristic limits shall be estimated following ISO 11929 unless an alternative method is specified

by the customer, local, national or international regulations. The formulae in References
[20] can be used.

[18], [19] or

NOTE References [18] and [20] also cover the case where there is an interfering photopeak in the spectrum.

An example for gamma-ray spectrometric investigation of a sample with 137Cs is given in A

12 Test report

nnex E.

The fest report shall conform to ISO/IEC 17025 requirements and shall also contain t}Le following

inforimation:
— 4 statement of conformity with this document;

— the decision threshold or detection limits for any radionuclides spedcified by the
epending on the application (this may be indicated on the report as_‘not greater tharj
epending on customer requirements);

— the method used to estimate the detection limits or a stateméntof conformity to ISO 1
INOTE In some measurements, the activity calculated by the software may be below

threshold or detection limit defined in ISO 11929. Dependinig.on customer requirements, the 1
presented as follows:

1+ ifthe activity is below the decision threshold a*,the result of the measurement can be expreé

1+ if the activity is below the detection limit a#, the result of the measurement can be express

— the levels of significance or coverage factors used for expressing the decision t
detection limits;

gny factors or assumptions ¢hat may affect the results reported (for example hon
¢omposition of the samples).

rustomer or
) or l<) Or ISI
1929;

the decision
esult may be

"
ssedas <a ;

#
bd as <a” ;

hreshold or

ogeneity or
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Annex A
(informative)

Quality assurance and quality control program

A.1 General

Quality con
affecting ea

A.2 Influ

Care shall i
the measurg
factors to b

method are

A.3 Instrjument verification

Major instr

periodically]
with the mahnufacturer's instructions.

A.4 Meth

A verificatig
of reference

Laboratorie

exercises. I these exercises, participants receive samples of gamma-ray-emitting radionuclideg
identify and quantify-the radionuclides present (and to state the estimated uncertainties).

are asked td
The laborat
activity con

For in sity
organisatio

known actiyity,per unit of surface area and/or mass (i.e. by evaluating samples or known sous
The results|of the participating teams are compared to the nominal values and to the mean v

calculated

Frol operations shall meet the requirements of ISO/IEC 17025. The influencing vari
Ch measurement method are discussed in the relevant ISO/IEC standards.

lencing variables

e taken in order to limit as much as possible the influence of parameters that may
bment and lead to wrong results. Failure to take sufficient precautions requires corre
e applied to the measurement result. The influencing variables affecting this measure
discussed in Annex B.

iment parameters (for example detection efficieicy and background) shall be chd
as part of a quality assurance program established by the laboratory and in accord

od verification

n of method accuracy shall be ryperiodically. This may be accomplished by measure
sources.

5 are also recommended to participate in national or international proficiency

bry’s results shall'be compared to the published data. Any discrepancies with the s
fent shall be investigated and corrective actions shall be taken.

measuremients, verification exercises are organized by national or internat
s. All participants perform and analyse measurements on a selected area with a nor

hbles

bias
ction
ment

cked
ance

ment

test
and

rated

ional
ninal
'ces).
hlues

J’ hao nthaor taqamec

A.5 Qual

TIre-otrrSr—tCoarior

ity assurance plan

A quality assurance plan shall be established, describing the actions to assure that measurement results
reported meet the customer’s specification, in accordance with ISO/IEC 17025.

The quality

22

verificat

assurance plan shall include:

periodical quality checks;

ion/test measurements;

staff training and assessment;
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— documentation of results from quality control checks.

The frequency of the checks shall be based on results from the validation studies and historical records.

A.6 Energy calibration

The energy calibration shall be checked periodically by counting reference source(s) emitting gamma-
rays whose energies are precisely known and cover the energy range of interest. The energy calibration

shall be repeated if any of the measured energies lie outside the desired range (typically 0,2 keV).

A7

The
refer
sam¢
(pref
contj
Any

A.8

The

the
ident
takel

Any
nece

Efficiency calibration

reproducibility of the full energy photopeak efficiencies shall be checked periedic

ally using a

ence source with a long half-life, emitting gamma-rays that cover the energy fange of interest. The

counting geometry shall be used for these checks with a reproducible soutce-detec
erably greater than 10 cm). At least 10 000 counts should be acquired in‘each photops
‘ol charts (see Reference [15]) should be used to identify deviations-in photopeak coy
eviations shall be investigated and corrective action taken if neceSsary.

Full width half maximum

Fesolution (FWHM) at both high and low energies shall*also be measured and reco
eriodic detection efficiency test. Shewart control charts (see Reference [15]) should
ify deviations in the measured FWHM and deviations shall be investigated and corre
1 if necessary.

upward long-term trend in the FWHM shall’also be investigated and corrective act
5sary, as it can indicate degradation of components in the preamplifier or other faults.

tor distance
ak. Shewart
inting rates.

rded during
| be used to
ctive action

ion taken if

A.9 | Background
The background shall be checkediperiodically in detail by comparing the latest background spectrum
with| previous spectra. The ¢ount rates in the complete spectra and the photopeak areas should

be ¢
surr
inves

NOTH
radio|

pbmpared and the photépeak energies should be compared, to confirm that the d

efector or its

I

undings have not_been contaminated. Any significant variation in the background shall be

tigated and corrective action taken if necessary.

Background'spectra can vary with time due to variations in the concentration of naturg
Active materials in air.

A.10 Stafftraining and assessment

lly occurring

A trd

measurements, perform data analysis and prepar

rapdperiodicassessyyept-shallb

actahlichad
e PpereadeasSessHeRt5Saair1e—+€ p3aa

ST OTTIoTIC

reports.

ya¥
O

T

miha nla
TS —prot

e

d carry out

It is recommended that staff carrying out in situ measurements follow specialist courses on the
measurement techniques and participate in measurement campaigns organized by experts, educational
establishments, equipment manufacturers or software producers.

A.11 Documentation

Records of the results of all quality control checks and dates shall be retained. Any discrepancies and
corrective actions taken shall also be recorded.
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Annex B
(informative)

Corrections to the analysis process

B.1 General

The fOllOWilllg factors, if not corrected, may lead to biases in estimates of the activities of radionud

in the tests
— differen
— differen

— true coi

mple:
ces between the geometry of the test sample and the reference source;
ces between the composition and/or density of the test sample and the'teference sour

ncidence summing;

— pulse p]:e-up effect.

The magnit
required to
activities an
no correctid
of the magn

Tables B.1 t¢ B.4 summarize methods for minimizing thi¢’effect, estimating the magnitude of the g

and estimat
and documsd

Other corre
(for exampl
be identified

de of each of these biases shall be estimated and compared'to the measurement uncert
neet the customer requirement. If necessary, a correction shall be applied to the meag
d a component included in the uncertainty budget for'the uncertainty of the correcti
n is made, a component shall be included in the ungertainty budget based on the esti
tude of the effect. Examples of the magnitude of\some of these effects are given in Ann

ing correction factors more accurately. Qther methods may be used but shall be recd
nted.

ction factors may be required depending on the details of the measurement technique
e if the spectrometer is equippedwith an anti-coincidence shield). These factors shal
|, the magnitude estimated-and corrections applied.

lides

hinty
ured
on. If
mate
lex F.

ffect
rded

used
also
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Table B.1 — Sample geometry correction

Reason for the correction

The sample geometry (usually the fill height in the container) may not
match the geometry used for calibrating the instrument, resulting in a

change in the detection efficiency which varies as a function of

energy.

NOTE In most arrangements, the correction is smaller than could be
expected as the counts in the detector are dominated by the part of the

sample closest to the detector.

coria.

arrack na L danixaicad by oot g th

used for the samples and the reference sources. For liquid samyj
volume may be controlled by dispensing a known volumeusing
ed flask or cylinder rather than using markings on the saniple d
The geometry of solid sources may be controlled by using pack
ensure that the sample container is filled to a controlled height

metry is
les, the

ontainer.

a calibrat-

ng tools to

Estimating the magnitude

The magnitude of the effect may be estimated by preparing san
known activity at the lowest and highest values of the paramet
(e.g. fill height) and comparing the estimdtes of activity. Altern
Monte Carlo or semi-empirical models imay be used.

hples of

ntively,

br of interest

Estimating the correction factor

The correction factor may be estimated by preparing a set of s
known activity, varying the geomeétry (for example the fill heig

Monte Carlo or semi-empirical models may also be used.

urces of
ht).
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B.3 Composition and density correction (internal absorption)

Table B.2 — Composition and density correction

Reason for the correction

Photons emitted in the decay of the radionuclides in the sample can be at-
tenuated by the photoelectric effect, Compton scattering and pair produc-
tion as they pass through the sample matrix before reaching the detector.
The attenuation depends on the elemental composition and density of the
sample matrix which may differ from that of the reference source used to
calibrate the instrument.

This correction varies rapidly with energy; it is most important for low

energy photons and samples containing high atomic number elemengs and
may be very significant.

Minimising {

he correction

Corrections may be minimised by selecting sample containers andfill
height to minimise the distance that photons pass through the sample
matrix. The composition and density of the reference material should he
selected to match those of the sample.

Estimating t

he magnitude

If the density and approximate elemental composition of the sample is
known, the magnitude of this effect may be determiiied by first estimafing
the maximum pathlength of photons through the sample material. The
attenuation factor (Catt) can then be calculatedas a function of energy from
tabulated attenuation coefficients such as-XCOM (see Reference [8]):

Coe =exp| —u(E) h] (B.1)
where
h is the maximum pathlength;

u(E)  isthelinear attenuation coefficient of the sample material for pho-
ton energy E.

Alternatively, for ascylindrical source of height x placed on the axis of sym-
metry of the detettor, the self-attenuation correction csejfis given approxi-
mately by (seeReference [2]):

1—exp|:—u(E)-x:|
u(E)-x

The calculation should be repeated for the reference source using the shme
value for the pathlength. The magnitude of the correction factor is given by
the ratio of the two attenuation factors.

(B.2)

selfS=

The correction factor may also be determined experimentally by meastir-

ing the attenuation of gamma-rays from one or more point sources thrqugh
the sample, relative to the attenuation through the reference source. Tlte
point source(s) shall emit gamma-rays not present in the sample or soufrce.

Estimating t

he correction factor

The correction factor may be estimated using a software model of the
detector and sample geometry. Monte Carlo simulation or semi-empirigal

models may be used (see Reference [2] and references therein).

The uncertainty in the correction may be estimated by a sensitivity analy-
sis of the correction to variations in the sample density and composition.

26
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B.4 Pulse pile-up and dead time

Table B.3 — Pulse pile-up and dead-time correction

Reason for the correction

The pulse processing electronics and analysis software normally apply a
correction for the dead time introduced by the electronics. However, the
analogue pulse may extend beyond this time period; if a second pulse ar-

rives on the tail of the pulse, the pulse height may be distorted and a pulse

may be lost from the photopeak in the spectrum.

The effect may be seen in the spectrum as increased photopeak widths

(FWHM) and low-energy tails. The effect shall not be neglected

for low-ac-

tivity measurements as it may be significant for the reference,s
for calibration.

The effect depends on the instrument and electronics used.

An additional correction may be needed if the dead time chang
cantly during the measurement time (for exampleiwhen measu
tivity short half-life samples). Specialist dead-time correction s
needed in this case (see Reference [23]).

ource used

s signifi-
ring high-ac-
ystems are

Minimising the correction

Low count rates (less than a few thousand-pulses per second, e
to dead times of a few percent) shouldbe used when possible, b
appropriate sample sizes and geometry.

Short shaping times may be selectéd on the main amplifier to r¢
lengths, However, this may have the effect of increasing the FH
topeaks.

Care shall be taken to.ensure that the pole-zero adjustment has
as an incorrect setting'may affect the magnitude of this effect.

quivalent
y choosing

educe pulse
WM of pho-

been made

Estimating the magnitude

For dead times less than 10 %, the correction for pile-up is typi
than 1 %, though the magnitude of the correction depends on t
trometer type’and settings. If higher dead times are used, a cor
should belapplied as described below.

cally less
he spec-
rection

Estinating the correction factor

a) (Repeated measurements of a short half-life radionucl
99mTc, The observed count rate for each measurement sh

corrected to a common reference time and plotted versus dead time.
The correction may be estimated assuming that the cpunt rate is
unaffected by pile-up at low dead times (less than a few pejrcent).

b)

c) Pulser method: simulated detector pulses may be passed|through the
pulse-processing electronics and losses from the peak in the spectrum
used to determine the correction factor (see Reference [9]].

Two source method: position a single radionuclide [source (e.g.
137Cs) at a fixed distance from the spectrometer. Carry ¢ut repeated
measurements, varying the dead time by moving a sefond source
(e.g. 60Co) closer to the spectrometer in stages. Plot the ¢ount rate in
the peak from the first source versus dead time (as for mefhod 1).

ide such as
1d be decay
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B.5 True coincidence summing correction

Table B.4 — True coincidence summing correction

Reason for the correction

Some radionuclides decay emitting gamma-rays in cascade; in most such
transitions, the gamma-rays and associated X-rays are emitted effectively
simultaneously and may be detected as a single event.

As an example for the measurement of a point source, the observed pho-
topeak area in a spectrum for y1 in the simple decay scheme shown in
Figure B.1 is given by:

where eg is the total detection efficiency for y2 and is the probability fhat
2

y2 is detected in the photopeak or, importantly, at lower,energies in the
Compton continuum.

Y1

Figure B.1

The correction factor)l —sg is due to events when y1 is detected in th
2

photopeak but )2;is also detected resulting in a pulse with a higher enefgy
than the photopeak, losing counts from the photopeak. The total detecfion
efficiency may be much higher than the photopeak detection efficiency] so
the correstion factor can be significant (10 % to 20 % in some cases (se
Refefence [10]).

TheCtorrection is independent of count rate but depends on the decay
scheme of the radionuclide and the detection efficiency. The correction|is
complex to estimate for radionuclides with multiple decay paths. In addi-
tion, the formula above is only valid for point sources: for extended sanpples
(e.g. Marinelli beakers), the correction shall be determined for each voxel of
the sample and then integrated.

D

[¢)

Minimising fhe corséction

The correction may be minimized by using a large sample to detector
distance (typically greater than 15 cm) and a detector with a small reldtive
detection efficiency.

The correction may be eliminated by calibrating the spectrometer using a
reference source of the radionuclide of interest and estimating the sample
activity by a simple ratio to the certificated value.

Estimating the magnitude

The magnitude of the effect depends on the sample geometry and matrix,
the detector itself and the radionuclides used for calibration and required
for measurement. The scientific literature may be consulted and an esti-
mate taken from a similar set-up.

Estimating the correction factor

For the reasons stated above, estimating the correction factor is a complex
task. Modelling software may be used to apply an appropriate correction
[see Reference [2] and references therein]; References [16] and [17] de-
scribe an alternative empirical approach. The uncertainty (for a coverage
factor of k = 1) may be taken to be 1/3 of the correction.
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Annex C
(informative)

Uncertainty budget

General

For 4
smal
basi{
disch
casef
it caf

The yincertainty in the measurement results shall be estimated and doeumented in accorda

requ
unce
or fo

A co
takel
unce

reaspns, measurement uncertainties are unlikely to be less than 5 % (k = 2) for routine a

unce
COrreg

C.2

Tabld
unce
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i be demonstrated that the results are fit for purpose and for possible future re-analysi

rements of ISO/IEC Guide 98-3:2008. In accordance with ISO/IEC 17025, the major co
rtainty shall be estimated; for high accuracy measurements{for example for nuclear d
I nuclear forensics), the uncertainty budget shall be estimated in detail.

mplete analysis of the uncertainties is very complex. (see Reference [2]), as correlati
1 into account in the detection efficiency calibration and the measurement; the m
rtainty also cannot be better than the uncertaintyin primary standards of radioactivi

rtainty budget is of the order of 1 % then.ivis likely that correlations have not bee
ctly in the calculation.

Uncertainty components

C.1 summarizes likely compenents of the uncertainty budget. Table C.1 assumes tha
rtainty in the measurementyis no better than 5 % and components are quasi-independg
Fate measurements, cortelations shall be considered but this is outside the scope of thi
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Table C.1 — Type A components

Possible estimation

Component method Distribution Notes
Photopeak area esti- |From software analysis Gaussian Detailed calculations are given in
mate packages Reference [2] including issues with

overlapping photopeaks. It should
also be noted that photopeak area
calculations can be subject to large
errors if artefacts in the background
continuum interfere with the photo-
ppnk and hnrkgrmmd ch:\pp

Sample positioning From repeated meas- Accurate sample positioning jigs
urements, removing and should be used to minimisée\this
replacing the sample component.

Sample fill hpight From repeated sample This component can be'minimisgpd
preparations by packing matertal-to a repro-

ducible height in/the container.
Modelling cades may be useful fpr
estimatingthe magnitude.

Variations insample |From repeated sample Due tovariations in the thickness of

container cohstruction | preparations thedase of the container and shape

affecting the sample to detector
distance.

Sample hompgeneity |From repeated sample Difficult to estimate and potentially
preparations significant. Particular care is nepded

if measuring radon or other gas¢ous
daughter radionuclides, as the gps
may be distributed throughout ghe
container rather than the sample
material (see Reference [2]).
Table C.2—Type B components
Component Possible estimafon Distribution Notes
method

Detector efficiency Detector efficiency cali- Gaussian Varies rapidly as a function of enper-

(determined|experi- |bration software package gy. Correlations between data ppints

mentally) may have to be considered.

Detector efficiency Comparison with trace- Subject to large uncertainties ard

(determined|through |ableréference materials dependent on the details of the

Monte Carlo[modelling{supported by consultation detector parameters used in thq

or by semi-empirical\\of reviews in the scientific model. Discrepancies of up to 34 %

methods) literature. have been observed in the literature

(see Reference [11]).

Dead-time correction ' From ]innarify tests Typir‘n"y 10 9% of the correction may

be assumed.

True coincidence sum- |See Annex B Typically 10 % to 30 % of the correc-

ming correction tion may be assumed.

Self-absorption See Annex B

Emission probability |From nuclear data tables |Gaussian

Decay correction From nuclear data tables |Gaussian The standard uncertainty is neg-

ligible for most radionuclides (see
Reference [2]).

Deconvolution of over- | From photopeak fitting

lapping photopeaks algorithms

Background subtrac- |From photopeak analysis

tion software
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C.3 Implementation of uncertainty budget

The method used by the software analysis package shall be reviewed, including the algorithm used to
combine the uncertainties, and compared to the uncertainty budget devised using the steps described
above. Parameters in the software shall be set (with the reasons documented) so that the overall
measurement uncertainties match as closely as practicable to the uncertainty budget estimated. If the
activity of a radionuclide is estimated by taking a weighted mean of results from more than one gamma-
ray emission, care shall be taken to ensure that the uncertainty budget remains realistic.

If a more accurate estimation of the uncertainty is required, it may be necessary to develop in-house
software or spreadsheets rather than using commercial analysis software.
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Annex D
(informative)

Detector types

The type of detector to use depends on the application. High efficiency detectors are more sensitive but
may also be subject to high dead times, high correction factors for true coincidence summing and high

ambient ba¢kground. Detectors with beryllium windows require careful handling to avoid bregking
the fragile window. Low energy response may not generate additional quantitative informati¢n as
low energy |[gamma-rays and X-rays may be subject to large correction factors for self-absorptipn in
the sample.|The shape of the crystal is also important; a thin but wide detector is mofe sensitiye to
radioactive material placed on the axis of symmetry of the crystal than to active material at thq side
- reducing the background from materials to the side but also reducing the useftilness of Marjnelli
beakers.
Tables D.1 and D.2 summarise the main characteristics of semi-conductor and’scintillation deteqtors.
Figure D.1 shows example spectra from different detector types.
Table D.1 — Typical characteristics of semi-conductor detectors
Resolution Relative detec-
Endcap| Window (FWHM) at tion efficien-
Type of crystal material| material 662 keV Range of energy cyl819] Notes
% %
Germanium Al, Cu, same as end 0,2 50 keV to 10 MeV 20to 175 2
p-Type coaxjal CFa cap
Germanium p-Type |Al, Cu, Carbon com- 0,2 3 keV to 3 MeV 7 to 65 3,4,5
broad energy CF posite, Be 3keVto 10 MeV | 20 to 175
Germanium Al Be — 3keVto1lMeV
p-Type planar
Germanium p-Type |Al, Cu, CF |Carbon  cem- 0,2 3 keV to 10 MeV 10 to 150 2,3]4,6
coaxial+ posite Be
Germanium Al Carbon com- 0,2 3 keV to 3 MeV 20to 50 3,4,5
n-Type planar posite, Be
Germanium Well |Al Cu Al 0,2 10 keV to 10 MeV 40 to 150
type coaxial
CdZnTe Al Al 2,0 30 keV to 3 MeV —
Silicon Lithi{ Al Be Resolution at 1 keV to 30 keV —
um-Drifted Planar 59 keV: 3,5
a  Carbon fibre.
Table D.2 — Typical Characteristics of scintillation detectors
. Resolution at Relative detection
Typeof | End cap W‘“d"?"’ ma- 662 keV Energy range efficiencyl8][9] Notes
crystal | material terial % %
Nal(TI) Al, Cu Same as end 5to7 30 keVto 3 MeV | 100 (by definition for a
cap 3” x 3” detector)
LaBr3(Ce) Al Same as end 3,5 30 keV to 3 MeV 140 10
cap
CeBr3 Al Same as end 4 30 keV to 3 MeV 140
cap
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NOTE1 The terms “broad energy” and “planar” are used differently by different suppliers.

NOTE 2  Very large detectors can have disadvantages, for example, high count rates can result in the need for
large corrections for dead time and consequently higher measurement uncertainties.

NOTE3  Window materials made of Carbon composite are more robust than Be windows. Great care should be
taken to avoid breaking the fragile Be windows.

NOTE4  Corrections for self-absorption in the sample matrix may significantly increase measurement
uncertainties at low energies, limiting the usefulness of low energy detectors.

NOTES5  Forsome of the crystal types listed here, the detection efficiency can depend strongly‘on|the direction
of indidence of the photons. This factor should be taken into account when selecting sample containers. However,
one advantage is that the detectors can be relatively insensitive to photons from background radiatfion.

NOTHE 6  Crystals with a relative detection efficiency greater than 100 % are also available.
NOTE 7  Different materials are available, including Al.

NOTE8  For germanium spectrometers, by convention, the relative detectionh efficiency is defined to be the
photgpeak detection efficiency at 1,3 MeV for a point source placed on the\cylindrical axis of synpmetry of the

detedtor at 25 cm from the detector relative to the detection efficiency of a 3” x 3” Nal(Tl) detedtor using the
same|measurement geometry.

NOTE9  The relative detection efficiency depends strongly on'the size of crystal.

NOTHE 10 LaBr3(Ce) detectors contain 138La and 227Ac, both of which are radioactive and result in higher
obserfved background count rates and hence lower detection sensitivity.
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Figure D.1 — Typical gamma spectra fromNal, LaBr3 and Ge spectrometers, showing th
difference in energy resolutie} etween the different types of detector
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Annex E
(informative)

Example: Calculation of 137Cs activity content and characteristic

limits in an aqueous sample

E.1 | Principle

This| example illustrates a typical application of high resolution gamma-ray .'spectrometry: the
determination of the 137Cs content and the characteristic limits. The 662 keV photopeak frgm the decay
of 13]mBa is used as the signature for 137Cs. To simplify the example, it is assumédthat the spectrometer
has been calibrated using a multi-radionuclide standardized solution with‘the same composition and
as the sample. Also, for simplicity, it is assumed that no corrections are needled for true

geonpetry
sumining,

E.2 | Measurement

The gample was placed on the spectrometer in the same position as the reference source (a
to ensure a reproducible position) and a spectrum was acquired for 60 000 s.

E.3 | Calculation of activity content

The activity of 137Cs in the sample is given by-the following measurement formula:

_(nN,E J _ (nb,s _ZO,S)
= TwW=—-2>""".w

dm

with

_1
£

dead time, decay and sample composition/positioning.

t t

e fy Sy S

Pr m

is theactivity per kilogram of sample (Bg-kg-1) at the reference time;

i{s'the area (counts) in photopeak in spectrum from sample;

np,s
Z0,s
fi
f2
f3
fa

ts-thecotmnting time{sjof sample-tlive time);

is the gross counts in photopeak region in spectrum;
is the counts in background continuum in photopeak region of the sample spectrum;
is the attenuation correction factor (assumed 1,0);

is the true-summing correction factor (assumed 1,0);

is the dead-time correction factor (assumed 1,0);

is the decay correction factor (assumed 1,0);

© IS0 2019 - All rights reserved
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fs is the sample versus reference source positioning/height correction (assumed 1,0);

m is the sample mass (kg);

pE  isthe gamma-ray-emission probability;

€| is the detection efficiency, taken from the calibration curve.

The net photopeak areas were calculated by a variation of the summation method. The spectrum
and channel contents from the sample are shown below, in the region of the 662 keV photopeak (see

Figure E.1).
45000
B
40 000
35000
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Aq 4,
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10 000
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— =4 N NN NN MN NN o;enN ¥ YYD WL N N OO
A OO O O O O O O, O OO OO OO OO O O O O O O O
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Key
X channel humber
Y number pf counts
Figure E.1 — 137Cs phofopeak in a gamma-ray spectrum of an aqueous test sample
The region ¢f interest of tlte photopeak was divided into three sub-regions as follows:
— Aj is the low energy background continuum area;
— B isthpe phetopeak area;

— Ay is the high energy background continuum area.
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Table E.1 — Measured counts in the region of the 137Cs photopeak in the test sample placed on

the detector, t;;; =60 000 s

Channel | RegionA4; | Channel Peak B Channel | Region A3
counts counts counts
1934 208 1948 92
1935 472 1949 37
1936 1594 1950 44
1937 5269 1951 40
1938 13 633 1952 33
1939 26019 1953 36
1940 38 034 1954 ~
1927 133 1941 41584 N
1928 138 1942 39 706 e i
1929 144 1943 20584 N2
1930 160 1944 9040 |, O
1931 158 1945 3046
1932 165 1946 798,
1933 173 1947 196)"
In this example, the number of counts in the photopeak was calculated by subtracting the mean
background continuum count under the photopeak.

Ass
gam

Table E.2 — Counts-in defined regions of spectrum

. Number of | Counts’in Background Background Photopeak
Region \ count (per chan- | under photo-
channels region area (coupts)
nel) peak
Aq 7 1071 153
B 14 200183 Mean: 110 1540 198 64B
A 7 329 39,3

in the sample iss

ny E

198 643

1

mA e, t-pp-m 60000-0,005-0,8499-1,0 s-kg

=779,1 Bq-kg !

ullgling that the_detection efficiency is 0,5 %, taking the emission probability for the 662 keV
a-ray photopeak to be 0,849 9 (see Reference [30]) and using a sample mass of 1,0 kg the activity

(E.3)

The main components of uncertainty are:

a)
b)

Photopeak area calculation.

Detection efficiency. The uncertainty in the detection efficiency is calculated by the software
package used and depends on the curve fitting software and the uncertainty in the reference
sources (typically 1 % to 2 %), plus uncertainties that may be introduced when dispensing the
reference sources. For the purpose of this example, the relative uncertainty is assumed to be 5 %
using a coverage factor of k = 1.

Gamma-ray emission probability.

This may be taken from published decay data; the relative uncertainty is taken to be 0,24 % in this

example using a coverage factor of k = 1.

© IS0 2019 - All rights reserved
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d) Additional components of the uncertainty from the correction factors (although assumed to be
unity) should normally be included but are assumed negligible for this example.

The number of net counts in the photopeak area is given by:

NNp,s =Mps =Co,s " Mo,s =MNps =205 (E4)
with
b
ny, =z"i , Ny g :Znsli +zns'l- and ¢ g =E (E.5)
B AT #7
b
€o,s = Colr = 51 should hold
where
b istlhe number of channels in the photopeak area B;
|  istlhe number of channels in each of the areas 41 and 4.
The uncertdinty (k = 1) in the photopeak area is given by:
2 2
u”(nnpg)=nps +Cos Nogs (E.6)
a:(nNP,s/t'W:W'(nb,s_ZO,s))/t (E-7)
The uncertdinty can be estimated using the approach described in the GUM and is given by:
2 2 2 2 2 2
u”(a)=w ~(nb'5 +Co s ‘”0,5)/t +a“ upy (w) (E.8)

E.4 Characteristic limits

For low-act]vity measurements, it may be necessary to state the characteristic limits [the dedision
threshold and the detection limjt<(s€e ISO 11929)] of the measurement, to indicate the limitatiopns of
the measur¢ment. The charactéristic limits are used to decide whether activity is present or not, and
to estimate [the sensitivity ofthe measurement. The characteristic limits depend on the measurement
equipment, the background,)the measurement parameters and the sample itself.

E.5 Decision threshold

The decisioj

threshold is the value of the activity a* above which it is decided that activity is det¢cted

in the sample a-given probability o for a-wrong decisionthat there is anaectivity ealityrthere
is none).
. a :
For a one expects nj, ; =—-t+2z, ¢ with uz(nbs):nbS (E.9)
ST , : ,

~2(~ 2 a 2 2, ~2 2

u’(a)=w ~(;'t+co‘s'n0’5+c0'5-n0,s )/t +a“ upe (W) (E.10)

* 2

a :kl_a~w-\/c0_s-n0's+c0,5-n0‘s (E.11)
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E.6 Detection limit

The detection limit a# is the smallest true value of the activity a that can be detected with a defined
probability B for a wrong decision that the activity is not detected while in reality it is present.

#

2 |a 2 2, #2 2
: W-t+60'5-n0‘5+co'5-n0,s Jto+a"  upg (w) (E.12)

# *
a’=a +ky_g- |w

*

which can be solved by iteration with a starting value of a*=2a".

If Pond oo I =] =Jz o Ao ot Lotioas £o b o dotaobs oo Tiooit 1o o iz
a V AITU TICIICC l\l-a l\l-p NN AIl CAAdUL OUTULIVUIT IUL LIICU ULLULLIVIT TITITIV 1O slv\,ll U.y .

C#_Z-a*+(k2~w)/t

(E.13)
1_k2 'urz'el (W)
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Annex F
(informative)

Example: Simulating correction factors for sample positioning,

geometry, matrix, density and true summing

F.1 Intrgduction

This annex §
foratypical
The results
indicate the
implement t

The annex ¢

pbamma-ray spectrometry system, estimated using a Monte Carlo modelling software pac

his document shall be calculated for the particular detector and samples being used.

pvers the effects of

— the variation of the dimensions of the source,

— the variation of the composition of the source (density and matrix), and

— the variation of the position of the source with respect to the'detector.

The parame

ters describing the system geometry and default'values are defined in Table F.1.
DS

1.0
2 .C}T
PA —
T
2

HD

hpply only to the detector and sample dimensions used in this example and)may be us
prder of magnitude of the effects mentioned below. However, any correctionfactors needed to

hows the impact on measurement results of variations in sample positioning and.geometry

kage.
ed to

Key

1 source:

— Ma (Matrice): material of a certain density (RO)

2 detector

Figure F.1 — Parameters describing the system geometry and default values

40

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=215249fb75c0cf4703e7b1978c1ea9a5

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and units
	5 Principle
	5.1 General
	5.2 Summing method
	5.3 Fitting method
	6 Validating measurements by gamma-ray spectrometry
	6.1 General
	6.2 Step 1: customer requirements
	6.3 Step 2: technical requirements
	6.4 Step 3: detailed design
	6.5 Step 4: installation
	6.6 Step 5: validation studies
	6.7 Step 6: robustness
	6.8 Step 7: operation and maintenance
	7 Nuclear decay data
	7.1 Recommended nuclear decay data
	7.2 Selection of gamma-ray photopeaks for inclusion in spectrum analysis libraries
	7.3 Decay chains
	8 Detector energy and efficiency calibration
	8.1 Energy calibration
	8.2 Efficiency calibration
	8.3 Source(s) for energy calibration
	8.4 Reference source(s) for efficiency calibration
	8.4.1 General
	8.4.2 Reference sources for laboratory systems
	8.4.3 Reference sources used with numerical methods
	9 Sample container
	10 Procedure
	10.1 Sample measuring procedure
	10.1.1 Sampling
	10.1.2 Sample preparation
	10.1.3 Loading the sample container
	10.1.4 Recording the sample spectrum
	10.2 Analysis of the spectrum
	10.2.1 Procedure for laboratory-based measuring systems
	10.2.2 Background corrections
	11 Expression of results
	11.1 Calculation of activity and activity per kg (or m3) of sample
	11.2 Determination of the characteristic limits
	12 Test report
	Annex A (informative)  Quality assurance and quality control program
	Annex B (informative)  Corrections to the analysis process
	Annex C (informative)  Uncertainty budget
	Annex D (informative)  Detector types
	Annex E (informative)  Example: Calculation of 137Cs activity content and characteristic limits in an aqueous sample
	Annex F (informative)  Example: Simulating correction factors for sample positioning, geometry, matrix, density and true summing
	Bibliography

