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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 sueh-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 Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comiittee ISO/TC 147, Water quality, subcompmittee SC 3,
Radipactivity measurements, in collaboration-with the European Committee for Standardization (CEN)
Techhical Committee CEN/TC 230, Water analysis, in accordance with the Agreement ¢n technical
cooperation between ISO and CEN (Vienha Agreement).

This|third edition cancels and replaces the second edition (ISO 10703:2007), which has been technically
revided.

The Inain changes compared-té the previous edition are as follows:
— lew common Intreddction;
— $cope enlargeditdo emergency situation and to wastewater, upper dead time increase td 10 %;

— the sample\storage conditions are in compliance with ISO 5667-3 (see Clause 10);

— 1nodifieation of the reference source for calibration (see 6.2);

— qalibration efficiency determination by Monte Carlo method (see 11.2.3):

— complete revision of the pulse pile up and dead time;
— complete revision of the true coincidence summing subclause (see 12.1.4);

— addition of the correction factor for dead time and pile up (see 12.1.2);

— introduction of the shortest coverage interval in accordance with the new ISO 11929 series
(see 12.5.2);

— modification of the test report (see Clause 13).

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

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout
the environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters) can contain
radionuclides of natural, human-made, or both origins.

— Natural radionuclides, including 49K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U, and 210Pb, can be found in water for natural reasons
(e.g. desorption from the soil and washoff by rain water) or can be released from technological
processes involving naturally occurrlng radloactlve materials (e.g. the mining and processing of
minera

— Humanq{made radionuclides, such as transuranium elements (americium, plutonium, neptunium,
curium}, 3H, 1#C, 99Sr, and gamma emitting radionuclides can also be found in nathral waters.
Small guantities of these radionuclides are discharged from nuclear fuel cycle faecilities intp the
environment as the result of authorized routine releases. Some of these radiphuclides used for
medicaland industrial applications are also released into the environment afteruse. Anthropogenic
radionulclides are also found in waters as a result of past fallout contaminations resulting [from
the exp|osion in the atmosphere of nuclear devices and accidents such ds’those that occurrgd in

Radionuclide activity concentration in water bodies can vary¢according to local geolqgical
characteristics and climatic conditions and can be locally and temperally enhanced by releases ffrom
nuclear insfallation during planned, existing and emergency exposure situationslZl. Drinking water
may thus coptain radionuclides at activity concentrations whicheould present a risk to human heglth.

The radionyclides present in liquid effluents are usually controlled before being discharged intp the
environmenft/8l. Water bodies and drinking waters are;mionitored for their radioactivity contept as
recommendgd by the World Health Organization (WHQ)!! so that proper actions can be taken to efjsure
that there i$ no adverse health effect to the public)Following these international recommendations,
national regulations usually specify radionuclide authorized concentration limits for liquid effluent
discharged to the environment and radionuclide’guidance levels for water bodies and drinking whaters
for plannedexisting and emergency exposure’situations. Compliance with these limits can be ass¢ssed
using measurement results with their associated uncertainties as specified by ISO/IEC Guide 98-3 and
ISO 5667-20|

Depending ¢n the exposure situation, there are different limits and guidance levels that would result
in an actior] to reduce health @isk. As an example, during a planned or existing situation, the WHO
guidelines fpr guidance levelin*drinking water is 10 Bq-1-! for 134/137Cs and 131] activity concentrdtion,
1 Bg-l-! for *1Am and 0,1.Bg-I-! for 210Pb,

NOTE1 The guidanece\level is the activity concentration with an intake of 2 1/d of drinking water for ong year
that results in an effective dose of 0,1 mSv/a for members of the public. This is an effective dose that repres¢nts a
very low level of piSk-and which is not expected to give rise to any detectable adverse health effects[2l.

) i 2 ivity
concentratlon for lnfant food mlght not be greater than 1 000 Bq kg 1 for 13"4/137Cs 100 Bqg-kg! for 1311
and 1 Bq-kg1 for 241Am. For food other than infant food, the activity concentration might not be greater
than 1 000 Bq-kg1 for 134/137Cs, 100 Bq-kg™! for 1311 and 10 Bq-kg™! for 241Am.

NOTE 2 The Codex guidelines levels (GLs) apply to radionuclides contained in food destined for human
consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e. not to dried or
concentrated food, and are based on an intervention exemption level of 1 mSv in a year for members of the public
(infant and adult)[10],

Thus, the test method can be adapted so that the characteristic limits, decision threshold, detection
limit and uncertainties ensure that the radionuclide activity concentrations test results can be verified
to be below the guidance levels required by a national authority for either planned/existing situations
or for an emergency situationl111[12],
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Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s) in
either wastewaters before storage or in liquid effluents before discharge to the environment. The test
results will enable the plant/installation operator to verify that, before their discharge, wastewaters/
liquid effluent radioactive activity concentrations do not exceed authorized limits.

The test method described in this document may be used during planned, existing and emergency
exposure situations as well as for wastewaters and liquid effluents with specific modifications that
could increase the overall uncertainty, detection limit, and threshold.

The test method may be used for water samples after proper sampling, sample handling, and test
sample preparation (see the relevant part of the ISO 5667 series).

This
mea
spec

This
of th

urements, that are sometimes required by national authorities, as they maycave
fic accreditation for radionuclide measurement in drinking water samples.

document is one of a set of International Standards on test methods dealing with the m
b activity concentration of radionuclides in water samples.

document has been developed to answer the need of test laboratories carrying out these

to obtain a

easurement
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Water quality — Gamma-ray emitting radionuclides — Test
method using high resolution gamma-ray spectrometry
WARNING — Persons using this document should be familiar with normal laboratory practice.

This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to

determine the applicability of any other restrictions.

IMP(
carr

N

1

This
and
ener
desc

The method is applicable to test samples of drinking water, rainwater, surface and ground v

as cg
hand
of di

whic

The

shiel
corrg
dead

Depq
nucle
time
if acf
radid

This

2
The

Normative references

DRTANT — It is absolutely essential that tests conducted according to this, dq
jed out by suitably trained staff.

bcope

document specifies a method for the physical pre-treatment and ¢onditioning of wa
he determination of the activity concentration of various radionuclides emitting gamn
bies between 40 keV and 2 MeV, by gamma-ray spectrometry aceording to the generic
ribed in ISO 20042.

oling water, industrial water, domestic and industrial\wastewater after proper samp
ling, and test sample preparation (filtration when niecessary and taking into account
bsolved material in the water). This method is only@pplicable to homogeneous sample
h are homogeneous via timely filtration.

owest limit that can be measured without\concentration of the sample or by using
d of the detection system is about 5:102 Bq/I for e.g. 137Cs1). The upper limit of
esponds to a dead time of 10 %. Higher dead times may be used but evidence of the acq
-time correction is required.

nding on different factors, such as the energy of the gamma-rays, the emission prg
ar disintegration, the size-dnd geometry of the sample and the detector, the shielding, {
and other experimentat parameters, the sample may require to be concentrated by
ivities below 5:10-2 Bq/1 need to be measured. However, volatile radionuclides (e.g
iodine) can be lost@uring the source preparation.

method is suitable for application in emergency situations.

following documents are referred to in the text in such a way that some or all of t

ycument be

ter samples
ha-rays with
test method

yater as well
ling, sample
the amount
5 or samples

bnly passive
the activity
uracy of the

bability per
he counting
evaporation
. radon and

heir content

cons

Litutes 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 3696, Water for analytical laboratory use — Specification and test methods

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

ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste water

ISO 5667-14, Water quality — Sampling — Part 14: Guidance on quality assurance and quality control of
environmental water sampling and handling

1) The sample geometry: 31 Marinelli beaker; detector: GE HP N relative efficiency 55 % ; counting time: 18h.
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25, General requirements for the competence of testing and calibration laboratories

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

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 80000-10 and the following

apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Onl

IEC Eleq

31

blank samy
container off
water

3.2
dead time
time during

Note 1 to ent
real time the

3.3
dead time ¢
correction t
during the d

34

decay cons
A

quotient of {
by the size d

Note 1 to ent

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at http://www.electropedia.org

le

spectrum acquisition (real time) during which pulses are fiot'recorded or processed

Fy: Dead time is expressed in percent, calculated as followsiteal time minus live time, all divid|
h multiplied by 100

orrection
b be applied to the observed number of pulses'to take into account the number of pulse
ead time (3.2)

fant

he rate at which a populatien of radioactive atoms decreases because of radioactive ¢

an identical composition to the one used for the water test sample, filled'with demineraflized

ed by

5 lost

ecay

fthat population of radieactive atoms
Fy: It can also be expressed as the quotient of dP by dt,

1 dN

N dt

l = d—P =
dt
where
dP ist

!

e-prebability of a given nucleus undergoing a spontaneous nuclear transition from th3

It en-

erglesiate inthe thine nlerval di

N

is the number of nuclei of concern existing at time .

Note 2 to entry: The time required for half of the original population of radioactive atoms to decay is called
the half-life. The relationship between the half-life, T71/2, and the decay constant is given by T71/2 = In(2)/A.

3.5
efficiency

ratio of the number of gamma photons detected in the full energy peak to the number of the same type
emitted by the radiation source in the same time interval, under stated conditions of detection

© ISO 2021 - All rights reserved
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energy resolution
measure, at a given energy, of the smallest difference between the energy of two gamma-rays which can

be di

stinguished by the apparatus used for gamma-ray spectrometry (3.10)

Note 1 to entry: The energy resolution is measured as the full width at half maximum height of the energy peak
(FWHM).

3.7

full energy peak
peak of spectral response corresponding to the total absorption of the photon energy in the detector

by the

ener

3.8
gam
two
throt

3.9
gam
elect]

3.10
gam
meth

3.11
pile-
proc

particles, or photons, originating from different decaying nuclei, in the radiation detector

Note
indiv
3.12

tran
prob

aless

anhatoalactric affact or hu cancacutiva nhaoton intaractione Af Y\f\lv nroduction rnnl
Prototre it ErrecT ooy oS tcatve TTOToO T TIceracTronTo—oOr—pot Procoaceror—(ont

by >1 022 keV), Compton scattering and photoelectric absorption

ma cascade

1gh one or more intermediate energy levels

ma radiation
romagnetic radiation emitted in the process of nuclear transition or particle annihilat

ma-ray spectrometry
od of measuring gamma-rays yielding the energy speetrum of the gamma radiation (3

up
pssing by a radiation spectrometer of pulSes resulting from the simultaneous al

1 to entry: As a result, pulses are counted as one single particle or photon with an energy
dual energies and the sum of theseenergies.

Kition probability
nbility of de-excitation 6f the nucleus occurring by one specific transition at a given en
energetic state or td the ground state

7 for photon

or more different gamma-photons emitted successively from one nucleus when it de-excites

on

sorption of

between the

brgy state to

4 S$ymbols
For the purpgases of this document, the following symbols apply.
4 Volume of the water sample for test 1
A Activity of each radionuclide in calibration source, at the calibration time| Bq
CpiCy e Activity concentration of each radionuclide, without and with corrections| Bq-I1
t, Test sample spectrum counting time S
to Background spectrum counting time S
& Time between the reference time and the start of the measuring time S
tg Calibration spectrum counting time S
Ny g:Myo g Mys g |Number of counts in the net area of the peak, at energy E, in the test sample
spectrum, in the background spectrum and in the calibration spectrum,
respectively
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Ny £ Ng0 g Mg Number of counts in the gross area of the peak, at energy E, in the test

sample spectrum, in the background spectrum and in the calibration
spectrum, respectively

n p.mopoMys p |Number of counts in the background of the peak, at energy E, in the test

sample spectrum in the background spectrum and in the calibration spec-
trum, respectively

&g Detection efficiency at energy E at actual measurement geometry
fr Correction factor considering all necessary corrections
f4 Correction factor for decay for a reference date
fak Correction factor for coincidence losses (summing-out)
fak Correction factor for summing-in effects by coincidences
far i E Correction factor for dead time and pile up
Py Probability of the emission of a gamma-ray with energy F of’each radio-
nuclide, per decay
A Decay constant of each radionuclide 51
u(c,)u(c u( fit)|Standard uncertainty associated with the measurement result (without| B -1t
A Ax )’ . . . - . .
’ and with corrections) and with fitting efficiency.curve respectively
U Expanded uncertainty calculated with k = 2. Bg-l!
el Decision threshold, without and with corrections Bg-l'!
Cfi 'Ci . Detection limit, without and with corxections By-11
i, d; Lower and upper limits of the probabilistically symmetric coverage interval | Bg-1
5. Lower and upper limits of the shortest coverage interval Bg-l'l
5 Principle
Gamma-ray$ produce electron-hole pairs when interacting with matter. When a voltage is applied

across a sern
current pulj
in the resoly
a gamma-rg

hiconductor detector, these’electron hole-pairs are, after proper amplification, detect
es. The pulse height s rélated to the energy absorbed from the gamma-photon or ph

bd as
tons

ing time of the detéctor and electronics. By discriminating between the height of the pylses,
y pulse height spectrum is obtained. After analysis of the spectrum, the various geaks

are assignedl to the radiofiuclides which emitted the corresponding gamma-rays using an establ
ergy calibration response curve. The concentration of the radionuclides present i the
sample is ca[:culated 0sing the established energy-dependent detector efficiency curve.

detector en

The determ|
below 40 kd

shed

ination-of the activity concentration of radionuclides emitting gamma-rays with ernergy

VZand above 2 MeV is also possible within the scope of this document, provided bot

h the

calibration

fthemeasuring systenrand the shietding are adaptedto this purpose:

6 Reference sources

6.1 Source(s) for energy calibration

The energy calibration of the spectrometer shall be established using one or more sources containing
radionuclides that emit gamma-rays that cover the energy range of interest. Sources can be of any form
but the dead time of the spectrometer for the measurements shall be such that the full energy peak

shape is not

distorted and pulse pile-up is avoided.

The number of peaks (full energy peaks) required depends on the order of polynomial needed for the
energy vs. channel calibration curve; normally 5 to 10 peaks should be sufficient. Sources containing

4
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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 peaks may be used.

6.2

Reference source(s) for efficiency calibration

6.2.1 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

nroforancn conivonl) chall bhatracn~hlatn national A ity ational ctandaede

The ¢
such
accu

T T e e S O u T T (oo D et C e o T et oot oo O Tirce T o ot oo T oo i oo oo

a way that the energy-dependent efficiency of the spectrometer can be determihed in 3
Fate way. For most purposes, the accuracy is sufficient for an energy range of.60 keV to

a mullti-radionuclide source is used containing all or most of the following radianuclides: 2

57Co

For
less
radid

It ma
radid

6.2.2

Refer

letermining the activity of radionuclides emitting gamma-ray orX-rays in the en
han 60 keV, the spectrometry system can be calibrated using @ reference source co
nuclides of interest.

1y be necessary to take into account true coincidenceSumming corrections for thg
nuclides (for example ¢0Co and 88Y).

Reference sources for laboratory systems

ence sources for laboratory-based spectrometry systems shall match, as closely as |

geonpetry, density and matrix of the samples\to be measured. Reference sources may |

from|
sour

If no

standardised solutions or purchased as’sealed sources. Only standardised solutions
Ces that are traceable to national or international primary standards of radioactivity s

reference materials are available'to match the samples, correction factors shall bg

documented and be applied to results from the measurements to take into account di

dete

Ifarg
onth

‘tion efficiency due to geometry, density and matrix effects.

e chemical form of the-diluent shall be followed. It is also recommended that the dispen

includes checks for possible losses of active material and on the accuracy of dispensing

grav

6.2.3

Refer

folloy

metric, volumétric and radiometric techniques should be used and cross-checked).

Reference sources used with numerical methods

enge\Sources for gamma-ray spectrometry systems based on numerical models s

sour

ving the manufacturer’s recommendations. The activity or the emission rates of t

7 Reagents

energies of the emitted gamma-rays shall be distributed over the entire energy range of interest, in

sufficiently
1836 keV if
“Am, 109Cd,

ergy region
htaining the

calibration

bossible, the
be prepared
or reference
hall be used.

calculated,
fferences in

ference source is prepared by dilution from a standardised solution, the supplier’s recognmendation

5ing process
for example

e reference

The following reagents shall be used when the sample is concentrated by evaporation with iodine
retention. Use only reagents of recognized analytical grade and only water complying with grade 3 of
[SO 3696.

7.1 Nitric acid, concentrated, ¢(HNO;) = 15,8 mol/l, 69 % volume fraction or mass fraction,
[p(HNO3) = 1,42 g/ml].

7.2  Sulfuric acid, concentrated, c¢(H,SO,) = 17,9 mol/l, 95 % volume fraction or mass fraction,

[p(H

© ISO

S0,) =1,84 g/ml].
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nitrate solution, c(AgNO;) = 3,2 g/I.

Dissolve 3,2 g of silver nitrate in water acidified with 0,1 ml of nitric acid and dilute to a total volume of
11 with water.

7.4 Potassium iodide solution, c(KI) = 1,3 g/1.

Dissolve 1,3

g of potassium iodide in 1 1 of water.

7.5 Sodium sulfite, Na,SO,.

7.6 Hydrg

7.7 Sodiu

8 Gamm

8.1 Gene

The operati
generated b
effect, the

detector cry
towards the
preamplifie

Two types d
analogue ar
Signal Procg
(spectrum)
amount of fy

The spectriim stored by the MCA shews a set of peaks (full energy peaks) superimposed

background|
in shape. Th
net full enet

with the detlector during the-counting period (corrected for dead time). The net full energy peak at

normally dej
or fitting

For laboratd
the manufa

m carbonate solution, Na,CO5, saturated at 20 °C.

)gen peroxide solution, ¢(H,0,) = 0,3 g/1.

a-ray spectrometry equipment

ral description

bn of the measurement system is as follows: in semi-conduetor detectors, freed chaf
y the interaction of ionising radiation with the detector niaterial (through the photoelg
Lompton effect or pair production). A high-voltage supply applies a bias voltage t
rstal resulting in an electric field. The freed charge’is accelerated by the electric

detector electrodes. The collected charge is congérted into an output voltage pulse
- and the output pulse is shaped and amplified bycthe main amplifier.

f electronic systems can be used to process-the signal from the detector preamplifie
hplifier combined with an analogue-to-digital converter (ADC), or a digital DSP (D
bssor) system. Both systems convert,the pulse amplitude and the pulse-height histo
s stored using a multichannel analyzer (MCA). The height of the pulse is proportional t
eed charge and hence to the en€rgy of the ionising radiation striking the detector.

continuum from scattered radiation. The full energy peaks are approximately Gau
e channel number of the-peak centroid depends on the energy of the photon detected
gy peak area is prepertional to the number of photons of that energy that have interj

termined in thé'analysis software package by one of two different techniques - summ

ry use, the spectrometer should be located in a facility with stable temperature follo|
cturer>recommendations. It should be noted that changes in temperature can affec

amplifier galin, changing the energy calibration substantially.
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The apparatus shall consist of the following necessary parts from 8.2 to 8.8.

8.2 Detector types

The three main geometries of germanium detectors available are planar, coaxial and well-type. Each
has specific advantages depending on the circumstances. Coaxial detectors are generally used with
large volume samples, whereas the well-type detectors are most efficient for small volume samples.
Planar detectors can be useful for detecting photons with energies below 200 keV as they can have
better energy resolution than coaxial detectors at these energies. More detailed information on the

detectors is

given in ISO 20042:2019, Table D.1.

Microphonics phenomena can result in an increase in the Full Width at Half Maximum (FWHM) of the
full energy peak. It may be necessary to place the detector on an anti-vibration mat.
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8.3 High voltage power supply

When in operation, the power supply should be free from spikes and dropouts, or provided with a power
conditioner and/or uninterruptible power supply. Instrument earth connections should be isolated
and connected to local ground at one point only to avoid ground loops that may affect the detector

resolution.

WARNING — Take necessary safety precautions according to the manufacturer's instructions.

8.4
The

ener

NOTH
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8.5
The

of lid
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8.6
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Preamplifier

preamplilier strongly miluences the quality ol the entire measuring system, as hod
by resolution depend on the characteristics of the preamplifier.

Usually the preamplifier is located very close to germanium crystal. Cooling the irput s
Feamplifier decreases the noise level and improves the energy resolution.

Cryostat or electric cooler

Cryostat or the electric cooler should be capable of keeping the detector close to the
juid nitrogen. Operation at a low temperature is required toyreduce the leakage
ronic noise level of the detector and preamplifier; it is recommmended that an automat
in alarm signal be installed which are activated in the case‘of an increase in the tempe
‘tor (e.g. caused by malfunctioning of the cryostat or lass of liquid nitrogen).

q

bh purity germanium detector may be stored at room temperature, however, it sha
e the bias voltage is applied.

Shielding

Hetector shall be shielded from all sides (including the bottom) with lead, to reduce
Is originating mainly from naturally occurring radionuclides. If measurements in
n 40 keV < E <100 keV are to be(made, the internal casing should consist of three succe

of cddmium/tin, copper and polymethylmethacrylate to achieve a low and constant bad

atten
from|

uating the X-ray produced-in:the shielding. Too large a thickness of Cu can increase the
bremsstrahlung between-t00 keV and 200 keV.

Shielding is important te xeduce background levels, especially if low activity levels shall b

The

following measures.can be taken to improve the performance of the shield:

!

q

se low activitylead;
mit theback scattering effect by not having shielding close to the detector if at all pos

arefully choose ventilation conditions, air filtration and the construction and other

h noise and

tage (FET) of

emperature
current and
ic switch off
fature of the

11 be cooled

background

the energy
bssive layers
kground by
background

e measured.

sible;

materials of

1

Hesystem, in order to reduce ambient radioactivity and achieve low levels of background radiation.

eduction of the radon inside the shield is desirable for measuring low-activity samples. This may
be achieved by displacing the air inside the shield with nitrogen boiled off from the cooling Dewar.

Active shielding can also be used (such as cosmic veto or anti-Compton systems).

8.7

Analogue or digital acquisition electronics

8.7.1 General

Regardless of the ADC or DSP system used, it shall have a good linearity to obtain a linear pulse
conversion for the 40 keV to 2 MeV energy range regardless of the gain applied to the signal. Similarly,
the conversion system shall provide a minimum of 4096 channels to obtain a good energy resolution
which assists the discrimination of peaks and the deconvolution of multiplets.
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8.7.2 Analogue electronic (ADC)

Analogue amplifier-based systems should have an adjustable Gaussian pulse shaping system. An
adjustment between 4 ps and 8 ps is recommended to obtain the best energy resolution (FWHM). It shall
also have a pole-zero setting and an automatic mechanism for restoring the continuous component. A
stacking rejection device is recommended for high count rates (>5 000s1).

An analogue amplifier is usually associated with an analogue-to-digital converter, which converts the
pulses coming from the amplifier according to their amplitude.

The data thus converted is stored in a MCA (Multi Channels Analyzer), itself connected to a computer.
The compu n be
separated i

rsoftware to view and save the cppr‘h"nm reads the MCA mpmnry These modules ¢

a NIM-type bin system or integrated into a single unit.

8.7.3 Digital electronic (DSP)

Digital syst
formatting

pulses to oj
top” paramsg
depending d

ems are generally integrated into a single unit (referred to as an MCA)comprising s
plectronics, scanning and storage electronics. The shaping circuit transforms the

tain trapezoidal pulses whose characteristics can be adjusted using fRise time” and
rters. These parameters should be adjusted to obtain the best energy resolution (FW
n the type of detector used and the expected count rate. Manufacturers generally ind

ignal
nput
“Flat
(HM)
icate

the best setfings to use. The system shall also have a pole-zero setting.

8.8 Computer, including peripherical devices and software

The computpr, in combination with the available hardware and’software should be able to:

read thd

b data from the MCA;
reprodyce these data on a video display or a printer'and store them;

determf
range t(

ne the relation between channel nuniber and corresponding energy over the entire e
be studied, by making use of the'appropriate reference source, energy calibration;

ergy

determine the energy-dependent efficiency over the entire energy range to be studied, by m3
use of the appropriate reference seurce;

king

detect peaks, determine the-characteristics of the detected peaks such as the centroid, the
FWHM,[the number of net.counts collected under the peak, and determine the uncertainty o
number;

4

peak
[ this

identifyj] e of

radiony

the radionGelides responsible for the observed full energy peaks by making u
clide references (see Clause 9);

er of
nces

calculat
counts,
(see Cla

e thevactivity concentration of the respective radionuclides on the basis of the numb
thé counting time, the counting efficiency and the data given in radionuclide refersg
se’12);

calculate the combined uncertainty of the activity concentration of the identified radionuclides;

calculate the detection limit and the decision threshold of radionuclides to be measured but not
found in the sample.

It is recommended that the results of the computer analysis of the spectrum be visually checked
regularly for obvious anomalies or errors. To check the performance of the apparatus, the use of a
laboratory standard is recommended. Participation in intercomparison exercises also helps to test the
performance of the apparatus and analysis.

Whenever necessary, calculations and identification may be performed manually.
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9 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 source data used and the evaluation method.

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

— ]loint Evaluated Fission and Fusion (JEFF) Library (https://www.oecd-nea.org/dbdataj);

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

— [KEvaluated Nuclear Data File (ENDF) (https://www-nds.iaea.org/exfor/endfihtm).

10 $ampling

The sample shall be collected and preserved as specified in ISO 5667-1, ISO 5667-3, ISO p667-10 and
ISO 3667-14. Particular attention shall be given to the following;

— the time elapsed between sampling and the start of theumiéasurement of the sample;

— homogeneity of the sample; if any particulate matter is present which can cause heterogeneity, this
ghall be removed by filtration, and the residue shall'be measured separately if necessary;

— ﬂor the sampling, polyethylene bottles should be used, cleaned with 1 mol/l hydrothloric acid,
ollowed by leaching with dilute nitric acid,solution and rinsing with distilled or deionized water
any other cleaning treatment may be used if its effectiveness is demonstrated);

— dlepending on the elapsed time betiween sampling and measurement (e.g. if storage if more than
geven days) as well as the radionuclide to measure, the sample should be acidified to [pH < 2 with
itric acid; if particulate matter is removed by filtration or centrifugation, this shall b¢ carried out
efore acidification;

— lbetween acidification-anid measurement, the sample should be transported and/or stored in the
dbsence of light and-at-a temperature of between 1 °C and 5 °C.

Ifradioiodine is to bedetermined, hydrochloric acid should be used instead of nitric acid for acidification
of the sample.

NOTH In'seme cases, it can be desirable to add a carrier solution to the sample. For example| when waste
water from-anuclear power plant is measured, a carrier solution as described in Annex A can be us¢d.

11 Procedure
11.1 Sample preparation

11.1.1 General

This document describes three different ways for preparing the water sample. The method of sample
preparation used shall be mentioned in the test report.

The choice of the method depends on the limit of detection required. However, if radionuclides of iodine
have to be determined, the choice can only be made between 11.1.2 or 11.1.4, depending on the limit of
detection required.
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11.1.2 Direct measurement without preparation

Direct measurement can be used to get results rapidly, for example in situations such as emission
monitoring or accident control. The sample is measured directly, preferably in a Marinelli type beaker.

When the water sample is filtered, the residue on the filter shall be measured separately. In the test
report, the method shall be referred to as “direct measurement”, giving the results for “liquid” and for
“solid” both referring to the volume of the sample. The mass concentration of suspended solids shall
also be given.

NOTE1 Homogenization of the suspended matter in the sample can be made by adding a gelling agent.

NOTE2 P4
before the di

11.1.3 Eva

Evaporate
possible add
of the quant
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11.1.4 Eva
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11.2.2 Enge

rtial evaporation of the sample can be performed to reduce the volume and concentrate thejac
‘ect measurement.

poration without iodine retention

he water to dryness or to a volume suitable for the measurement gonditions, wit}
ition of a carrier. If necessary, determine the mass of the residue andymeasure the act
ity corresponding to the mass of the standard geometry. In the testreport, the method
Lo as "evaporation without iodine retention".

poration with iodine retention

ample, while stirring, 10 ml of potassium iodide solutien (7.4), 0,1 g of sodium sulfite
foncentrated sulfuric acid (7.2) per litre of unfiltered water sample. After stirring for 5
silver nitrate solution (7.3) and 10 ml of hydrogen-peroxide solution (7.6) per litre. A
ralue of 9, using saturated sodium carbonate splution (7.7).

hd dry the sample in accordance with 11.1.8*In the test report, the method shall be refg

f partial evaporation, the concentrated solution cannot be measured in this state, it is
b dissolve the precipitate of silver iodide or to proceed with a filtration step followg
r and filtrate measurements:

ration

eral

efficiency ¢alibration procedures are given below, following procedures describg
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0,2 keV over the energy range of interest. 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 to
the energy (keV). The software also determines the full width half maximum of the full energy peaks.
This information is used by the photopeak search algorithm and for the calculation of characteristic
limits.

The count rate in the detector shall be such that the full energy peak shape is not distorted due to pulse
pile-up; a dead time less than 10 % normally suffices. For a germanium spectrometer, the full energy
peak position should be determined with an accuracy of better than 0,2 keV.
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A calibration curve (energy vs channel) should be calculated by least-squares fitting, so that photopeak
energies may be interpolated. A linear or quadratic function is normally sufficient but higher order
polynomials may be required. A similar process should be used to determine the FWHM as a function
of energy.

Care shall be taken when extrapolating the energy calibration curve. Photopeaks in the background
spectrum or X-rays should be used to check the accuracy of the extrapolated curve, and the extrapolation
should be plotted to check for large deviations from a linear function due to quadratic or higher order
components.

11.2.3 Efficiency calibration

The following approaches may be considered for determining the detection efficiency:

— (dlirectcomparison with areference source of the same radionuclide in the sameamattix and geometry.
This approach is appropriate if the aim of the measurement is to determing(the activity of a single
fadionuclide or if the photon energy is in an energy region that is difficult to calibrate (typically
20 keV to 100 keV). It may also be required if true coincidence summing corrections arg significant
for example, when measuring a gamma-ray emitting radionuclide. with a complex d¢cay scheme
]unsing a high efficiency detector such as a well detector);

easurement of the full energy peak detection efficiency as dfunction of energy;

¢alculation of the full energy peak detection efficiency’as a function of energy by Monte Carlo
gimulation or other modelling technique. Such numerieal models are sensitive to input{parameters
guch as the detector dimensions, and therefore shall be checked using at least one reference
gource containing radionuclides that emit gamma-rays covering the energy range of |nterest. If a
ﬁiscrepancy is found between efficiency calculated using the model and the referencg source, the
iscrepancy shall be investigated and corregtions applied to the numerical model.

The [same algorithm for analysis of the spectrum shall be used for both calibration fand sample
meagurement.

The gletection 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 sahiple and the sample container characteristics;
— the sample mass/and chemical composition;

— the heterogéneity of the sample matrix with respect to activity, density and chemical cpmposition.

Wheh anyvof these factors is changed, the detection efficiency shall be re-evaluated for the new
condlitions.

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 in the matrix and other factors that can affect the detection efficiency, as appropriate. If the
efficiency calibration method uses a numerical model, the parameters used to describe the sample shall
match the item being measured.

In most practical measurements, the instrument dead time for the calibration measurements is higher
than for the sample measurements. The activity of the efficiency calibration source shall be such that
count rate does not distort the full energy peak shape and that an accurate dead-time correction is
applied by the analysis software; a dead time of less than 10 % normally suffices. Higher dead times
may be used but evidence of the accuracy of the dead-time correction shall be required.
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The full energy peaks in the spectrum shall contain sufficient counts such that the uncertainty in the
full energy peak area is small in comparison with other components of uncertainty. A full energy peak
area of 10 000 counts is normally sufficient. The full energy peak shall be discarded from the efficiency
calibration data set if visual inspection shows that it is not Gaussian in shape.

The detection efficiency for each full energy peak in the calibration spectrum shall be calculated using

Formula (1) (when reference source is used):
_ nNs,E /ts (1)
E-ap
NOTE This formula assumes negligible decay of the calibration source during the acquisition time.
For an undigturbed peak atan energy E, the count ny ¢ in the net-peak area of a y-spectrum is'calcujated
using Formula (2):
nNs,E =rgs,E _nbs,E (2)
The efficienty for each specific radionuclide i, at energy E, is determined usingEormula (3):
n\. -/t
NsE /s
Si,E = —F (3)
i 'E
For an undiqturbed peak atan energy E, the count n, . inthe net-peak area of a y-spectrum is calcufated
using Formula (4):

Ny g=N g~y g (4)
The detectign efficiency as a function of energy shauld be calculated and, if required, a function flitted
to enable dptection efficiency to be interpolated. The detection efficiency is a varying functipn of
energy and $oftware packages offer a choice of-different functions. The selection of the fit function|shall
be based on| an evaluation of the goodness of/fit parameter (chi-squared) and visual inspection qf the

function to ¢
variable par
the calibrat
above the rd
as modelling

12 Expre;

12.1 Calcu

onfirm that the fitted function does not deviate from a smooth curve due to using too nany

ameters. Extrapolation ofthe efficiency calibration function to energies below the ran
on points shall not be used. Extrapolation of the efficiency calibration function to ene|
nge of the calibration points is not recommended unless supported by other evidence

D
3

s5sion of results

lation of the activity concentration

ge of
rgies
such

12.1.1 Ge

The activity concentration, c¢,, of each radionuclide present in the sample is obtained from the net
count ny , from the peak of an individual gamma line without any interference using Formula (5):

. ”N,E/tg
g
Pyep V- fp

where

fe

12

is calculated according to Formula (6):

(5)
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fE :fd 'fcI,E 'fsu,E ‘fdtpu,E

Formula (5) might be expressed as:

C

1

Ppep V- fr

Comyplty Mg gy
.= -

=(ng'E Ny g )~W/tg with w=

(6)

(7)

When samples are acidified, it could be appropriate to acidify blank water in the same manner. The
same consideration apply for salt carriers, if applied.
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2 Dead time and pile up corrections (see ISO 20042)

bulse processing electronics and analysis software normally apply a correction for th
duced by the electronics. However, the analogue pulse may extend beyond this time
hd pulse arrives on the tail of the pulse, the pulse height may be distorted and a pulse
the full energy peak in the spectrum.

effect may be seen in the spectrum as increased full energy peak.widths (FWHM) and
The effect shall not be neglected for low-activity measurefnents as it may be signif
ence source used for calibration.

effect depends on the instrument and electronics used:

ditional correction may be needed if the dead timg-changes significantly during the m

ms are needed in this casel8l.

count rates (less than a few thousand pulses per second, equivalent to dead times of a {
Id be used when possible, by choosing appropriate sample sizes and geometry.

[ shaping times may be selected(on'the main amplifier to reduce pulse lengths. Howey
the effect of increasing the EHWM of full energy peaks.

shall be taken to ensure-that the pole-zero adjustment has been made as an incorrect
t the magnitude of this effect.

ead times less than 10 %, the correction for pile-up is typically less than 1 %, though th

bction should be‘applied as described in ISO 20042.

3 DecaycCorrections

specific activity shall be corrected to take into account the radioactive decay during

e dead time
period; if a
may be lost

low-energy
cant for the

easurement

(for example when measuring high-activity shorthalf-life samples). Specialist dead-time correction

ew percent)

rer, this may

setting may

e magnitude
are used, a

he counting

time

). The decay

1

factor,fy, shall be calculated by:

12.1.

12.1.

Mi.{ Aty }

4 True coincidence summing

1—e” Mg

4.1 General

A detailed description of true coincidence summing is given in the Annex B.
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12.1.4.2 Probability of true-coincidence summing

Because true-coincidence summing requires the detection of two photons from the same decay it is
strongly dependent on the following:

— the detection efficiency for the photons that participate in the summing process. This is a function of
the detector type and the counting geometry that is used. For example, the probability of detecting
two photons as a summed event increases with increasing detector size and decreasing source-to-
detector distance.

The nuclide that is being measured. More specifically, the decay schema of the nuclide. Earlier we

ence

have le"rnnr] that cnmming inand out prpnr‘]c onthe Gamma_rny Haray schema (n g the pra
o

of a cag
some ni
signific

12.1.4.3 Cq

Most comm
summing. F
and both of
geometries

cade and the mode of decay, such as internal conversion or electron capture). Ther
Iclei that are unaffected (such as 137Cs) and others (such as ¢9Co and 88Y) that demons
int summing effects.

nsequences for source-based efficiency calibrations and for samplecount

ercially available multi-nuclide sources include nuclides that exhibit true-coincid
br example it is common to use ©Co and 88Y as the high-energyphoton-emitting nug
these suffer from summing out. Using nuclides that have suitnming-out effects in

‘esults in peak count rates that are lower than they would have been if the nuclide didn't

summing-oyit effects. The result of this is that the efficiency at these energies appears to be lower

the true effj
is biased loy
activity for

For sample
measured a
summation
It is also th

implicationg.

12.1.4.4 Rg¢

Since the prj
can be redu
overall effi
counting st

If the coinci
electron ca
attenuates
and correct
geometries

ciency. If these efficiency points are used without correction, then the calculated effic
v compared to the true efficiency. As a result, when.the efficiency is used to calculat
 summing-free sample measurement, the result ischigher than the true activity.

counts, the summing-out effects cause a redugtion in the measured peak count rateg
Ctivities is therefore lower than the true activities. Summing in has the effect to gen
peak that can interfere?). It should be noted that summing-out effects are most com
e more significant effect since the underestimating of nuclide activities can have s

tducing the effect of true-coincidence summing

obability of true-coincidénce summing is dependent on the detection efficiency, the ¢
ced by moving the sample away from the detector. However, the impact of reducin
iency of the counting.system can result in increased counting times (in order to mai
tistics) and therefore reduced productivity for sample counting.

dence sumngjng is mainly due to x-rays (as may be the case when the nucleus decaj
ure) thenythe coincidence summing can be reduced by introducing an attenuator

t
imst low’ehergy photons. The optimum treatment is to use specific software to qua

for, true-coincidence-summing effects. This approach is applicable for all measure
hnd all commonly measured nuclides that are known to be affected.
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Most of the theoretical methods to calculate summation are related with the use of transport theory
and Monte-Carlo techniques (see References [15] to [20]). Given the difficulties to model the detectors,
some experimental procedures can be applied for each specific situation.

Further information is given in References [21] and [22].

2)

E.g. a 152Eu summation peak at 167,7 keV interferes with 201T] at 167,5 keV, 119mAg summation peak at

1331,5 keV interferes with 0Co at 1332,5 keV, 57Co summation peak at 136 keV interferes with 201T] at 136 keV,

14
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12.2 Standard uncertainty

According to the ISO/IEC Guide 98-3, the standard uncertainty of ¢, is calculated according to

Formula (9):

u(cy )=\/(W/tg ) [u? (ng )+u? (ny, g )+c-u, (w)

9

Where the standard uncertainty of the counting time is neglected and the relative standard uncertainty
of w is calculated by Formula (10):
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1g into account Formula (3), the relative standard uncertainty of & is calculatéd by F¢

2 (PE):u (PE)+uI
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2
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2
rel

2
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2
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2
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o~

(EE) = urzel ("NS,E) tu (A) tu (ngs,E - "bs,E) tu (A> (&)

e U, (4) includes all the uncertainties related to the calibration sepitce: calibration (
S

tandard solution and preparation of the calibration source and the addition of thig
Ce.

the calculation of the characteristic limits (see ISO 11929-1), (¢, ), is needed, i.e. th
lard uncertainty of cy as a function of its true.wvalue. For a true Value,EA, it

=~ . 2 _ . . . .
ty=Cy /W+"b,E /tg and with u (ng )—ng , the folléwing is obtained:

[

@, ):\/WZ LGy fwm, g /)]ty +u? (ny p) 51485 U2 (w)

uncertainties u (nN), u (ng) and u(nb) are calculated according to the ISO/IEC Guide

hccount that the individual counts¥; in a channel i of a multi-channel spectrum are th
on process and hence u? ("i) = n; holds. The values of ny, ng and n and their associat

rtainties u (nN ) ,u (ng) and u (nb) can be calculated with a computer code. Since there

ods of subtracting thie'background below a peak in order to derive the number of coun
area, no generally“applicable formulas can be given. An example of the simple c3
pround subtraction is given in Annex C. For calculating the decision threshold and t}

at least nN,nb,u(nN) and u(nb) shall be known.

Decision threshold

(10)

brmula (11):
() ()

ertificate of
calibration

e combined
is expected

(12)

08-3, taking
e result of a
ed standard
are various

ts in the net
se of linear
he detection

deeision threshold, cz, is obtained from formula (12) forEA =0 according to ISO

11929-1 and

1929-3. This yields:

(0) =Ky '(W / tg) : \/”b,E +u? (”b,E)

*

€4

=k,__ U

1-o

a=0,05 and then, k;_, =1,65 is often chosen by default.
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12.4 Detection limit

The detection limit, cfj, is calculated using the implicit Formula (14) according to ISO 11929-1 and

[SO 11929-3

Cﬁ = C;
(14)

B=0,05 and then, k, ,=1,65 is often chosen by default.

2

#2
+c U]

A

(

+k1_[3 'ﬂ(cj&):cz +k1_ﬁ\/w2 [(cjjE /W+”b,E /tg)/tg +u? (”b,E)/t;ﬂ

w)

The detectid
starting app

When takin

n limit can be calculated by solving Formula (14) for cﬁ or, more simply, by iteration w

. . H_o ¥
roximation CA—Z Cy-

b Ko = 1-B =k, the solution of Formula (14) is given by formula (15):

rith a

* 2
4 2-CA+(k -w)/tg
ch = - (15)
L — k" Urel (W)

12.5 Limits of the coverage intervals
12.5.1 Limlfits of the probabilistically symmetric coverage interval
The lower, d3, and upper, c;, coverage limits are calculatedwusing Formulae (16) and (17) according to
[SO 11929-1f{and ISO 11929-3:

ca=catk,ulc,) p=w-(1-y/2) (16)

c =cy kg ulc,); q=1-wy/2 17)
where

w=®[)}/u(y)], @ being the'distribution function of the standardized normal distribution;

1-y is the-prebability for the coverage interval of the measurand;

0=1 may-be setif ¢, 24-u(c, ). In this case:

€1, =F4 J_rkl_y/z-u(cA) (18)
¥=0,05 and then, kl_y/2 =1,96 Iis often chosen by default.
16 © IS0 2021 - All rights reserved
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12.5.2 The shortest coverage interval

As described in detail in ISO 11929-1, the lower limit of the shortest coverage interval, c¢,<, and the
upper limit of the shortest coverage interval, c,”, are calculated from a primary measurement result, ¢,
, of the measurand and the standard uncertainty, u( c,), associated with c,, either by:

c ey :cAikp-u(cA);p:[1+w-(1—y)]/2 (19)

or if C,= <0, were the result by:

< _N:p > — oy — Y
T n,f‘A fAilzq II(I‘A)’q 11— ';/ (20)

w=®[y/u(y)], ® being the distribution function of the standardized normal distribution;

The relations 0<c ;< <c,> apply and the approximation of Formula (18) is valid.
12.4 Corrections for contributions from other radionuclides and\background

12.6}]1 General
In gamma-ray spectrometry, two types of contribution frequentlyhave to be corrected for.

a) The gamma line of the radionuclide to be determined contains contributions from gamma radiation

f another radionuclide in the sample. The contributing radionuclide has another gam:Ea line from
yhich the contribution to the line in question can®Be estimated taking into account the emission
probabilities of the gamma lines.

b) The gamma line of the radionuclide to .he determined occurs also in the backgrpund of the
gpectrometer. By measuring a backgreuhd spectrum with a blank sample for a counfing time ¢,
this contribution can be corrected for, taking into account the different counting times of the two
gpectra.

For Hoth cases, the specific activity can be calculated using a model according to Formula (21):

Q4 =(ny g /tg=xnyg g o FW (21)

wheffe x is a factor whose expression depends on the type of correction. For both contrifution cases,
this model gives the-n€cessary correction.

© IS0 2021 - All rights reserved 17
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tribution from other radionuclides

The gamma line to be corrected at the energy E; has the net peak area ny ; The contribution of the

radionuclide is calculated using the ratio of the contributing radionuclide for gamma energy Ej;.
Formula (21) gives the necessary correction with x=P; -&, /P, -€, and t,=t,. Thisyields
1 2 g

Cac :(nN,El —x-nN’E2 )~W/tg (22)
Neglecting the standard uncertainty of x, the standard uncertainty of c, . is calculated by:
2 Vo [ / A2 f 2c R 2 r 2c \-n 2 - 2 23
u (CA,C/_LW/ Lg) 1”g,E1 U L”b,El JT&X L”ngz U Lllb'E2 JJIT(,A’C LlrelLWJ ( )
and with a true value ¢, . instead of ¢, ..:
~2cx h= 2]~ 2 2 2
u, (CA‘C )—(W/tg) {CA'C ty /W+nb’E1 +u [nb'E1 )+x (ng'E2 My g, )+x [ng'EZ +u (nb‘E2 )J}+...
. +EA,:2'“§e1(W) (24)
Then, the dgcision threshold le,c is given by:
*
Cac =kl ~(W/tg )~\/nb‘E1 +uz(r1b£1 )+x(ng’E2 My g, )+x2 |:ng,E2 £u? (nb’E2 )} (25)
and the detgction limit,c% _, by:
# _ *
Che =Cac +k1—ﬁ X...
2
# 2 _ 2 2 #2]2
..x\/(w / tg) {cAﬂtg /w Ny p TU (nb’E1 ) +X(”g,E2 nb,E2)+ X [ng752 +u ("b,Ez )j|}+CA7C (o (w)
(26)

The detectid

n limit can be calculated bysolving Formula (24) for C,#q . or, more simply, by iteration

a starting approximation Chc =2 Cavet

When takin

b ky_y =k1_ﬁ =k theesolution of Formula (26) is given by Formula (27):

-:Z’C +(k2-w)/tg

CA,C -

1-k2 .2

rel

(W)

with

(27)

18
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12.6.3 Contribution from background

In this case, Formula (21) is used for the correction with x=1 and u(x)=0. ny, ¢ is the net peak area of

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

Cae =y g /ts—Nyo g /to )W (28)

The standard uncertainty of c, . is calculated by:

2(c, V=w?m . /t?+n . /t2+u?(n_)/t2+u(n , o) /t2)+c% u2 (w) (29)
71,C 8/L 1 B s, L7 U 0,7 g OU,C°7T U 1,C TCI

and with a true value Cac of Cac

; (EA,C )=w? {EA,C /tgw+[nb,E +u? (”b,E )]/té +[”go,E +u? (nbO,E )]/tg +(ngO,E gy )/tOtg}+' :

(=D}

(30)
: '+Ci,c“§e1 (w)
Ther], the decision threshold ¢}, . is given by:
cz'c =ki_y -W-\/[nb'E +u? (”b,E )]/té +[ng0‘E +u? (”bo,E )]/tg +(ng0'E —Npo g )/totg (31

. . . # .
and the detection limit cj by:

# _ *
Che = Chc +k1_[3 X...

#
CA,c

tgw

J$.oX W2

+ |:nb,E +u? (”b,E)} / té + [ngQE +u? (nbO,E):| 3+ (ngoﬁ - ”bo,E) [ totglt+ cjfﬁfufel (w)
(B2)

The gletection limit can be calculated by solving Formula (32) for cﬁ . or, more simply, by itpration with
a starting approximation cﬁ c =2-cj;1 o
Wheh taking k;_, = 1-B sk, the solution of Formula (32) is given by Formula (33):
* 2
. 2:c, HEEW)/t,
,C
1-k%u2 | (w)

The limits;efthe coverage intervals are calculated according to Formulae (16) and (17) or (19) and (20).

(33)

13 Test report

The test report shall conform to ISO/IEC 17025 requirements. It shall contain the following information:
a) reference to this documenti.e. ISO 10703:2021;

b) identification of the sample;

c) units in which the results are expressed;

© IS0 2021 - All rights reserved 19
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d) the testresult:

1) when the activity concentration, c,, is compared with the decision threshold (see
[SO 11929 series);

— if the result is less than the decision threshold, the result of the measurement is expressed

< *
as <cy,

— if the result is greater than the decision threshold, the result of the measurement is

2) wherrtheactivity toncentration, T, s compared withr thredetectiom it

Complemen

e) the unc

interval cj, CZ and/or the limits of the shortest coverage interval C:p CZ;
f) probabi

g) decisioy

h) ifthed

suitable

i) mentio

NOTE 0

result, ¢y, wi

stipulations 4
that the phys|

20

expressed as cyt u, (CA) orc, U with the associated k value,

if the result is less than the detection limit, the result of the measurement is express
<ct
A

if the result is greater than the detection limit, the result of the measurement is exprg
as ¢y tu, (CA) or ¢, £ U with the associated k value.
fary information can be provided such as:

ertainty can also be expressed as the limits of the probabilistically symmetric covd

flities @, S and (1 - y);
) threshold and the detection limit;

etection limit exceeds the guideline value, it-shall be documented that the method i
for the measurement purpose;

| of any relevant information likely to affect the results;

casionally, it is requested by the(€ustomer or regulator to compare the primary measurg
h the detection limit, cﬁ, in order to decide whether the physical effect is recognized or not

re not in accordance with this'*document. They have the consequence thatitis decided too frequ
ical effect is absent when {n fdact it is not absent.

bd as

ssed

brage

5 not

ment
Such
ently
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