INTERNATIONAL

ISO

STANDARD 7503-3

First edition
1996-11-15

Evaluation of surface.contamination —

Part 3:

Isomeric transition and electron capture

emitters, low-energy beta-emitters
(Eﬁmax < 0,1 5 Me\/)

Evaluation de la contamination de surface —

Partie 3: Emetteurs a transition isomérique et capture électro
émetteurs béta basse énergie (Egmax < 0,15 MeV)

hique,

= — Reference number
—S ISO 7503-3:1996(E)


https://standardsiso.com/api/?name=aa410ece83d616039e3d88f466d2f1c1

ISO 7503-3:1996/(E)

Contents Page
T S0P .. [ ettt a e 1
2  Normatie referenCes........coooviiiiiiiniiiicc 1
3 DefinitioNS ..ooceiiiii i 2
4 Measurement teChNIQUES ........cccvviiiieiiiicee e 2
5 Suitability of various types of measuring instruments ................. 3
6 Calibratign......c.ooeiiieiiee e 6
7  Evaluatign of measurements.......cccoceoviiiiiiiiniiii 9
Annexes
A Radionuglides appropriate to the evaluation methods given

in this part 0f ISO 7503.......coeiiiieieieeceeeee e (0 1
B Explanat/on of basic terms and data for calibration and

MeasureimMent ProCeAUIES ..........cocveeveiveeerieeeeecenieeeeeneae oot e e 15
C Instrumgnts for direct MeasuremMents ........c.ccccereepemeeveneeeeennenn. 21
D Instrumgnts for indirect measurements............ Sbeeeeeoieienienenn 24
E The evaljation program CHAOSCAL ... e 26
F  BibliograPphy ....c..oooiiieiiiiiiieie e B et 28
© 1S0O 1996

All rights reserved. Unless otherwise specified, no part of this publication may be
reproduced or utilized in any form or by any means, electronic or mechanical, including

photocopying an

International
Case Postale

d microfilm, without permission in writing from the publisher.

Organization for Standardization
56 ¢ CH-1211 Genéve 20 o Switzerland

Printed in Switzerland



https://standardsiso.com/api/?name=aa410ece83d616039e3d88f466d2f1c1

© SO

Foreword

ISO 7503-3:1996(E)
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This part of
nation meast

ISO 7503 provides recommendations for surface contami-
rements for two groups of radionuclides.

a) Radionuglides which can only be detected and measured with the aid
of the fojlowing emissions:
— gamma radiation and X-rays from isomeric transitions and
eledtron capture processes,
— eledtrons from internal conversion processes and Auger-
eleqtrons,
— Low-energy beta radiation (Egmax < 0,15 MeV) from classical beta
decay.
b) Beta-emjtters which do not emit one electron per decay.
Widespread ppplication and involvement of such radionuclides in nuclear

medicine, indlustrial processes and research, under conditions which do

not allow full
to view crit]
unconfined y
that the poss
undetected

suited to the
complexity o

The wide ran
an instrume

control of the radionuclide spread, have led*to the necessity
cally surface contamination problems %ir’ connection with

se. Health and sanitation problems maysoccur due to the fact

ible existence and/or extent of surface contamination remains

pbecause measurements are made”’ with an instrument not

purpose. Such problems may. arise due to the low energy and

f the characteristic emissions)of the nuclides.

ge of particle types andenergies makes it necessary to select
\t appropriate to theJradionuclide, if satisfactory health and

safety infornmpation is to be obtained. It is the purpose of this document to

provide the
calibration m

necessary infermation for the selection of measurement and
ethods.
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Evaluation of surface contamination —

Part
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This part of ISO 7503 applies to the evaluation of contamination on surfaces of facilities and equipm

of radio
contami

It is resfricted to the direct measurement by portable probes and to the indirect measurement of th
mentioned in the Introduction and listed in table A.1 of annex"A.

For eac
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For the
classica

NOTE — Evaluation of surface contamiration by beta-emitters (beta energy greater than 0,15 MeV) and 4

dealt wit]

2 No
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of ISO 7}
parties
most re

hctive materials and sealed sources in terms of activity per unit area. It does not apply to th
hation of skin or clothing.

h radionuclide, the energy spectrum as well ag’the intensity of each type of emitted partic
This type of information can be found in the bibliographic references given in annex F.

purpose of this part of ISO 7503, the term “beta energy” refers to the maximum energy of
beta decay.

h in ISO 7503-1. Evaluation of tritium surface contamination is dealt with in ISO 7503-2.

rmative referénces

bwing standards contain provisions which, through reference in this text, constitute provisid
503. Atithe time of publication, the editions indicated were valid. All standards are subject 1
o agreements based on this part of ISO 7503 are encouraged to investigate the possibility
cent.editions of the standards indicated below. Members of IEC and ISO maintain registd

valid Int

prondtional Standards.

3:
.
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bnt, containers
b evaluation of

b radionuclides

e or photon is

particles from

Ipha-emitters is

ns of this part
O revision, and
bf applying the
rs of currently

ISO 7503-1:1988, Evaluation of surface contamination — Part 1: Beta-emitters (maximum beta energy greater than
0,15 MeV) and alpha-emitters.

ISO 8769-2:—1), Reference sources for the calibration of surface contamination monitors — Part 2: Electrons of
energy less than 0,15 MeV and photons.

IEC 248

IEC 325

:1984, Dimensions of planchets used in nuclear electronic instruments.

:1981, Alpha, beta and alpha-beta contamination meters and monitors.

1) To be published.
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3 Definitions

For the purposes of this part of ISO 7503, the following definitions apply.

3.1 decay efficiency of a radionuclide, &4: Ratio of the number of photons or electrons of a given energy created
per unit time by a given radionuclide to the number of decays of this radionuclide per unit time.

3.2 efficiency of a source, &: Ratio of the surface emission rate of a source to the respective production rate in
the source.

NOTE — The term “source” includes any structural material in which the activity is dispersed or that may be covering the
front surface of the active layer.

3.3 product{on rate: Number of electrons produced by the decay process(es) in the source, or thehnymber of
photons of giden energylies) produced by decay in the source, per unit time.

3.4 surface ¢mission rate: Number of electrons above a certain energy, or number of photons whose orfgin is as
described for production rate, emerging from the surface of the source per unit time.

3.5 instrument efficiency, g: Ratio of the instrument net reading to the surfacelemission rate of a sgurce for
photons or elgctrons of a given energy under given geometric conditions.

For a given ingtrument, the instrument efficiency depends on the energy of-the radiations emitted by the source.

The instrument efficiency is also influenced by absorbers (including air <wheére appropriate) between solirce and
detector.

4 Measurement techniques
4.1 Generadl

For the meas{irement of radionuclides listed in table?A:1 of annex A, various measurement techniques exisft. Where
direct measurpment is not suitable, indirect methods shall be used.

Basic requirerments and guidelines for direet.and indirect measurements, including the use of smears for 4ampling,
are dealt with|in ISO 7503-1.

The detector fypes listed in table 1-are also suitable for indirect measurements if they are adequately equidped (see
annex D).

4.2 Direct measurements

4.2.1 General

Direct measutements are used for the fnllr\\/\/ing PUIPOSES:

a) to evaluate the total amount of contamination on a surface (fixed and movable);
'b) to determine whether a subsequent indirect measurement is necessary;

c) when indirect measurements are unsuitable due to long delays and possible loss of activity between sampling
and measurement.

Detector size should be chosen in relation to the contaminated area, in order to complete the survey in a reasonable
time. For practical purposes a detector with a minimum area of 100 cm2 is recommended, though smaller detectors
may be necessary in circumstances of restricted geometry and can also be useful in locating active spots. The surface
area on which a detector receives photons is dependent on the distance from the surface contaminated and the
emission energies of the radionuclides. This is of special importance for the quality of the measurement results, when
the detector is not in contact with the surface or the detector is equipped with a collimator.
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4.2.2 Instruments for direct measurement

Information on the application of different detector types is presented in table 1. The properties of these detectors
are described in annex C.

4.3 Indirect measurements
4.3.1 General

For indirect measurements, i.e. the measurement of the amount of activity of a sample removed from the
contaminated surface, a stationary well-shielded instrument offers great advantages. Such instruments can
normally be operated for long counting times. Also, in some situations the background contribution-may be reduced
by the Use of pulse-height discrimination. The user can, therefore, compensate for low instrumient |efficiencies by
the use of long counting periods at a low background level.

Howevdr, the indirect method is restricted to the measurement of removable activity, and has a low accuracy due
to unceftainties of the sampling efficiency and possible losses of activity between obtaining the smear sample and
the subg$equent measurement.

Indirect [neasurements are used for one or more of the following purposes:

a) to dvaluate the amount of removable contamination on a surface;

b) to pvaluate radionuclides that are difficult to measure by direct measurement due to |their radiation
chafracteristics;

c) to dbtain information about the radionuclides present and thie-Composition of mixtures;
d) to measure contamination of a surface when the surfa¢c€'shape does not allow direct measuremient;

e) to Mmeasure contamination of surfaces which arellocated in radiation fields which interfere with direct
mepsurement;

f)  to gletect contamination on surfaces whichhave overlying material that reduces the intensity of radiation
avallable for direct measurement (wiping ¢dn remove a layer of dirt of substantial thickness; as { result, activity
coviered by or distributed in this layer pray-tbecome better exposed on the surface of the wiped sample).

4.3.2 Instruments for indirect measurement

Information on the application of(different detector types is presented in table 2. The properties of these detectors
are des¢ribed in annex D.

5 Suitability of various types of measuring instruments

Tables | and 2-indicate the suitability of different instruments for the detection of some importanit radionuclides
included in thispart of ISO 7503.

In table"t—the—mstraments—are—divided-into—different—ctasses—omthebasts—ofthe—time—rTecessary to detect a
contamination of 3,7 Bg-cm-2 (averaged over an area of no more than 200 cm?2) as follows:

Necessary detection time

O0<t, <20s Adequate
20s<th,<60s Poor
th>60s Not recommended

Instruments which cannot detect a radionuclide even with counting times of 1 000 s are represented by a barred
code number followed by the sign 8.
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Table 1 — Types of hand-held surface-contamination measuring instruments and their suitability for the
direct detection of important low-energy emitters at 3,7 Bq-cm-2 (background measuring time: 1 000 s)

Type of instrument Code
Windowless argon-methane gas flow proportional detector 1
Butane-propane gas-filled, large-area proportional detector 2
Argon-methane gas flow, large-area proportional detector 3
Xenon-filled large-area proportional detector 4
Windowless plastic scintillation detector 5
Organic crystal/plastic scintillation detector 6
Nal thin-layer kcintillation detector 7
Geiger-Miiller |detector, large area type (window & 46 mm) 8
Instrument characterization in terms of detection ability
Instrument
Radiopuclide Adequate Poor Not recommended
Be 7* 15 25 38 45 5 6| 78 8%
S1Cr 1 3 4 5 7% 2 8 6| 7
54Mn 1 2 3 4 5 7 8 6
55Fe 1 3 4 5 7* 2 6| 7% 8
57Co 1 2 3 4 5 7 8 6
63N 1 2 3 5 2 4 6| 7% 8
65Zn 1 2 3 4 7* 8 7
67Ga 12 3 45 1 6 8
3As 12 3 4 5 1 8 6
75Se 1 2 3 4 5 7 8 6
85Sr 1 2 3 4 5 7 8 6
88y 1 2 3 4 5 71-8 6
99mT¢ 4 5 7 12 3 6 8
Mn 12 3 4 5 6 1 8
1135n/113m[p 1 2 3 45 6 7% 7 8
123] 1 2 34 5 1 8
12851 1 203 4 5 7 8
133Ba 1C2- 3 4 5 7 8 6
139Ce v 3 & 1 2 8
1910s 1 2 3 4 1 8
195y 12 3 4 i 8 6
197Hg 1 2 3 4 z 6 8
199Ay 1 3 4 7 2 8
201T| 1 2 3 4 5 7 6 8
203Hg 3 4 z 2 8
207Bj 1 2 3 4 6 7 8
210pp 12 3 4 7 8 6
NOTES
1 The code numbers for instrument types are listed in numerical order. Numbers in bold typeface denote CHAOSCAL
calibrations (underlined) or experimental evidence as basis for instrument characterization data.
2 The asterisk (*) indicates large-area detector is necessary (window of more than 100 cm? area).
3 The sign 8 indicates detector cannot detect the radionuclide in less than 1 000 s.
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Table 2 — Types of instruments for indirect measurements under laboratory conditions and their suitability
for the detection of important low-energy emitters at 3,7 Bq-cm-2, (averaged over 100 cm?)

Type of instrument Code

Installed gas-flow large-area proportional counters® with thin window A
Installed gas-flow large-area proportional counters’ with sample inside detector
Liquid scintillation counters

Thick crystal Nal (Tl)-scintillational counters

Semiconductor spectrometers

m m O O W

Installed Geiger-Mdller counters

Instrument characterization in terms of detection ability

Instrument
Radionuclide Adequate Poor Not recornmended

Be D C B
51Cr D B
54Mn D FMA B
55F¢
57Co
63Nj
65Zn A
67Ga A
73As
75Se
8551
88y
99mT
1111

11354/113m]n
123

» ) >

>
M

>

W W W W W W W W W
s

T7

125]

> > > > >

133
139C4
1910k
195,
197Hg
199A];
201T|
2078

210pp

NOTES
1 The code letters for instrument types are listed in alphabetical order.

W|I0 W W0 W0 0 0 W W, H W O @

OO OO O O OO0 00/ 0000000000000 O0

| O O 0O 000 U0Uouow,00 000000

mmMmMmMMMMMMMMMMTMMMMMMMMMMMmM M mm
m

>|>» >» > > >

2 Hand-held instruments can also be used for indirect measurements. Guidelines and restrictions for this purpose are
given in table 1 and annex D.

1) For optimal detection of low-energy photons, the use of an argon-based gas mixture is necessary.
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The combinations of instruments and radionuclides described as “adequate” are the recommended combinations.
The combinations described as “poor” should be used only after thorough evaluation since it may not be possible
to meet requirements of national regulations. The combinations described as “not recommended” should not be
used unless careful calibration with that combination has shown that it is possible to detect the radionuclide
according to relevant national regulations.

The information compiled in tables 1 and 2 is based on an uncertainty level as allowed by IEC 325, on instrument
efficiency data obtained by measurements or CHAOSCAL calibrations (see 6.2), on plausible theoretical estimates
and comparisons of radionuclides using their decay data.

The tables were compiled assuming that a given type of instrument is used under the most favourable conditions,
i.e. covered with a window material of minimum avallable thlckness posmoned as close as practicable to the
surface exany acturer's
specifications.

In the case of thin-layer Nal-scintillation detectors, a distinction is made between the normal.small-afea type
(8 cm2) and the less common large-area type (more than 100 cm?2).

The listing of jnstrument types in the lower part of the tables is in numerical order of g6dée and not in forder of
preference.

Instruments which primarily measure electrons are not suitable for calibration or measurements with an gbsorber
between the $ource and the detector. Use of an absorber is part of a recommiended calibration technifjues for
many radionuglides in this part of ISO 7503 (MSA-, SSA-methods: see 6.2/6.3 table A.1, annex A). When {he code
numbers in taple 1 are based on CHAOSCAL calibrations without absorber, the response of the instruhents to
electrons wag not taken into account. Therefore, the actual total response to photons plus electrons |may be
somewhat higher than that used as basis for the classification.

6 Calibration

6.1 General

The principal [considerations concerned with calibration and reference sources are covered in ISO 7503-1 and
ISO 8769-2, rgspectively.

However, singe the types of radiation and the energy distributions of the radionuclides considered in thi$ part of
ISO 7503 are puite different to those relating to pure higher-energy beta-emitters, the actual calibration fnethods
cannot be the|same. The diversity of the emission characteristics of the radionuclides under consideration pakes it
necessary to |determine specific\Cdlibration factors for each of these radionuclides. This can be dond in two
principal ways

a) The instrbment effiGiency is measured versus radiation energy using sources emitting monognergetic
radiation. [nstrument efficiency values for the radionuclides under consideration are then calculated indjvidually,
using the fenergy,and emission probability data relating to the monoenergetic components of the radiat|on.

Most of theradionuclides under consideration emit monoenergetic photons and electrons, both of wr ich may
Contnbut‘_ 15 H'\a rmepnnea A'F a3 mnf:onrnng |ns+r||mnn+ /\ 'Fu U calibhratinn fAr bt £ o WOU|d

o T IO T T CaTioTa ot T ToT oot tyyUo o1 |uu|auu||

therefore, need separate measurements of the instrument efficiency as a function of energy for both photons
and electrons.

For detectors that are capable of responding to the low-energy electron radiation that is emitted by the
radionuclides under consideration, the response of the instrument will be very dependent upon the
construction of the calibration and contamination sources. Also, the response of the instrument can be very
dependent on the geometric conditions of the measurement (e.g. air-path attenuation). Therefore, in order to
minimize errors and provide consistency of measurement, it is recommended that the assessment of surface
contamination be generally made from the measurement of photon emissions. In addition, since sources for
monoenergetic electrons in the energy range under consideration are not available, the calibration has to be
restricted to the photon emissions.
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used.

For each of the radionuclides to be measured, a specific calibration source made from the same radionuclide is

For some of the radionuclides with sufficiently long half-lives (e.g. 55Fe and 63Ni), large-area calibration sources
are commercially available. In the case of radionuclides with shorter half-lives, a rough calibration of measuring
instruments can be done using working sources produced periodically from calibrated radionuclide solutions.

6.2 Multisource calibration with respect to photon emissions

This method is based on the measurement of photon emissions of a group of pseudo monoenergetic calibration
sources wuth the help of the detector to be callbrated The callbrat|on sources are defined in ISO 8769-2 and cover

a photo
emissior
calibratiqg

In apply
contribu
electron
construg
window

For radiq
order to
(0,5 mm
consider
to be m
46 mg-c

The meas
such co
correcte

Evaluati
applicati

require 4
results.

In the @
efficiend
using th

A F

n source, no additional absorber is used between source and detector.

ng the method, it is assumed that electron emissions from the actual contamination s
e to the response of the measuring instrument. This can be ensured by using.déetectors n
b in the energy range being considered. The detector can either be insensitivé)to electrons
tion (sensitive window of sufficient thickness) or it can be made insensitive by covering
with a filter foil of sufficient thickness.

nuclides emitting both detectable electrons and photons, the calibration shall take into aq
filter the electrons, the measurements on actual contamination sources are done with
thick) polyethylene (PE) absorber foil in front of the sensitiveywindow of the detector. (This
ed to be sufficient for electron absorption up to 200 keV energy without serious attenuation
basured.) This mean that calculated factors have to be applied to correct for the attenuation
-2 absorber foil.

surements of the calibration sources as well as‘Recessary background measurements shal
Linting times (pulse counting) or time constants (ratemeters) that a relative standard dg
d count rate of not greater than 5 % is obtained.

n of the measured data can be done-by help of the computer program CHAOSCAL2 dev

However, the program CHAOSCAL facilitates a substantial range of calculations which ot
prohibitive effort. The programtis described in annex E, which also gives an example printod

ase of nonideal contamination sources, the source efficiency, the instrument efficiency
y are different for'€ach of the m photon energies, and the activity per unit area, A, has tg
b following equation:

i’l—f'lb

nm v . .
w Z(EJSéeé)
i

s of electrons alpha partlcles and lower- energy photons by the radlonucllde For measurng

urces do not
bt sensitive to
Dy virtue of its
the sensitive

count that, in
b 46 mg-cm-—2
thickness was
pf the photons
effects of the

be done with
viation of the

eloped for the

bn of this part of ISO 7503. Principally, the use of this part of ISO 7503 is not tied to the use of this
softwarg.

herwise would
t of calibration

ind the decay
be calculated

where

n

np

w

is the measured count rate, in counts per second;
is the background count rate, in counts per second;

is the area of the source seen by the sensitive window of the detector, in square centimetre

S.

2) Available as public domain program. Information on this program can be obtained from the Secretariat of 1ISO/TC 85
Subcommittee 2.
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For an ideal contamination source (no self-absorption, no backscattering) the source efficiency for each of the m
discrete photon energies is eé =0,6 and only the instrument efficiencies el’ and the decay efficiencies eé remain

as variables.

The equation for the calculation of the activity per unit area, A, would then be:

Ag = . (2)
—m- / . o\
WywNR N leJeoJ)
WA VU,J é‘\cicd,’
j=1
1f +tha Aatantalk ia ~Aalilratad and 1iead at a Adietancra fram tha eniirca Aaraatar than tha emallact nrarntinahla Hietanra
HUIic UcilocULUp 10 Lalvialcu ariu Ustu al d Uiolaiivo vl UIT oUUILT YiTALlTI uidil UiT olidiicol Midulivadio diowanive,
the calibration distance and the area from which the sensitive window of the detector receives phatond shall be
specified by the manufacturer or be derived by the calibrator.
For both idedl and nonideal sources, the measurement of a single radionuclide by an Ainstrument cénnot be
characterized py two independent values of ¢ and & as can be done for pure beta-emitters‘efthe “one eleftron per
decay-type” (pee 1SO 7503-1:1988 4.2.3.2). Instead, the simple calibration factor 1/Wggg\is replaced by {he more
complex calibfation factors:
1
Coi=—Tm — . (3)
Jgpd g
w Z(si edes)
j=1
or
1
C = . (4)
m . .
W x[0,5 Z(eijeé)
j=1
where
Cni is the calibration factor for nonideak¢ontamination sources;
C; is the calibration factor for idealLcontamination sources.
In the case pf nonideal contamination sources this calibration factor depends on the thickness of gbsorbing
material, inclyding the source-and the distribution of the activity in this material.
6.3 Singleisource calibration
The method |of-direct calibration of an instrument with respect to a specific radionuclide using a wiprking or
calibration solrce made from the same radionuclide can he applied to all radionuclides for which either dalibration

sources or calibrated solutions that allow the production of sufficiently stable working sources are available.
In principle, all types of radiation emitted can be utilized for such a calibration and the measurements based on it.

However, for nuclides with both photon and electron emissions, a 46 mg-cm-2 PE absorber foil in front of the
detector shall be used for filtering out electrons, provided that the photon transmission remains acceptable. This
will help to reduce errors caused by differences between the calibration and actual measurement conditions
(backscatter, self-absorption, geometry).

In cases where filtering out electrons cannot be achieved by the 46 mg-cm~2 PE absorber, it is recommended that
working sources for single-source calibration be prepared so as to provide the same source efficiency as the
contamination source. This is also valid for 63Ni.
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The single-source calibration factor is defined as:

Css = ...(5)

where Ags is the activity of the working or calibration source seen by the sensitive window of the detector.

7 Evaluation of measurements

7.1 Evaluation based on multisource calibration data

The actiyity per unit area, Ag, is calculated by use of equation (6):
Ag E C(n—ny) ...(6)
where ( is the calibration factor according to equation (3) or (4).

For the gelection of the relevant value of C from the CHAOQOSCAL printout, see dannéx E.

ue RV,

7.2 Evaluation based on single-source calibration data
The actility per unit area, A, is calculated using equation (7):

B CeorrCss(n—ny,)
w

A7)

Css| s the single-source calibration factor,according to equation (5);
Coolr is the factor correcting for the difference in efficiencies of the calibration and the contamirfation sources;
w is the area of the source seeh by the sensitive window of the detector, in square centimefres.

If the dItector is calibrated and ySed at a distance from the source greater than the smallest practi¢able distance,
the calipration distance and the,area from which the sensitive window of the detector receives electrons and/or
photong shall be specified bythé manufacturer or be derived by the calibrator.

Where {he calibration.and the contamination sources have approximately the same source efficiency Cgorr has the
value 1.

If instrufnents areCalibrated using near-ideal working or calibration sources with high source efficiengy and are then
used fdr the\measurement of contamination sources with low source efficiency, the surface gctivity will be
underestimated.

When the contamination source is thicker than the calibration source or if it is covered by absorbing material and
thus has a reduced source efficiency, calculated values of Cco (see table 3) can be applied if electron emissions
from the source do not contribute to the count rate.

The appropriate value of Cqr is selected from

— column 2 of table 3, if no PE absorber foil was used in front of the detector;
— column 3 of table 3, if a 46 mg-cm~2 PE absorber foil was used in front of the detector.

The Ceorr values from table 3 shall always be used if the measurement of low-energy photons (energy < 10 keV) is
essential for adequate detector performance and reliable data on source efficiencies is not available.
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7.3 Evaluation for beta-emitters that do not emit one electron per decay3)
Instrument calibrations and measurements shall be performed as described in ISO 7503-1 for normal beta-emitters.
The activity per unit area, Ag, is calculated by use of equation (8):

n-—n
Ag = D

R . (8)
W£d8s€i

where sg is the number of monoenergetic electrons above 20 keV energy plus beta-particles emitted per decay
(see table A.1)

In the absencd of more precisely known values, the following values for & should be used:
& =05 (if Egmax = 0.4 MeV)
& =0,25 (if 0,15 MeV < Egmax < 0,4 MeV)
Table 3 — Qorrection factors C.o,, for source/absorber combinations and some important radionuclides
Correction factor;, C,,
Radionuclide No absorber foil in front of 46 mg-cm-2 PE absorber foil
the detector in front of the detecton
Be 1,00 1,00
51Cr 1,28 1,12
54Mn 1,22 1,10
55F¢ 1,18 1,08
57Co 141 1,05
58Co 115 1,07
67Ga 1,07 1,03
73As 1,05 1,03
75Se 1,04 1,02
85Sr 1,03 1,01
88y 1,02 1,01
9mTc 1,01 1,01
MIn 1,01 1,01
113Gn/1V1BmIn 1,01 1,01
1231 1,01 1,01
1251 1,01 1,01
133Ba 1,01 1,01
139Ce 62 61
195Au 1,04 1,02
197Hg 1,04 1,02
2017T) 1,04 1,02
207Bj 1,03 1,02
210Pb 1,04 1,02

Calibration source: ideal

Contamination: a source of 10 mg-cm-2 thickness, homogeneous depth distribution of the activity

3) See also B.4 and paragraph b) in the Introduction.
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(normative)

ISO 7503-3:1996(E)

Radionuclides appropriate to the evaluation methods given in this part of

ISO 7503
The radipnuclides to which the evaluation methods specified in this part of ISO 7503 apply are given-ih table A.1.
Table A.1 — Radionuclides
Nuclide Half-life Important emission types Emissions and calibration Eg max €9
B+ B~ | leph | heph | mee methods used keV
He 53 d X CALl/heph
22Na 26a X X P1/B, CALIR 546 0,90
264 7,2x105a X X P1/8, CALIh 1174 0,82
40K 1,3x109%a X X P1/8 1312 0,89
45[T| 3,1h X RS 1041 0,85
44Ti/#4Sc 47,3 a X X X P1/B 1476 0,53
49v 330d X MSNA
51Cr 28d X X MSNA/SSNA CALIh
52Nn 56d X X X P1/B, CALIh 575 0,29
53Mn 3,7%x 106 a X MSNA
54Mn 313d X X MSNA/SSNA CALIh
55fe 2,7 a X MSNA
56Co 79d X X P1/B, CALIh 1460 0,20
56N 6,1d X X CALIh
57Co 271d X MSA
58Co 71d X X X P1/B, CALIh 475 0,15
59N 7.5 x.10%a X MSNA
61Cu 3,4h X X P1/B, CALIh 1216 0,62
627n62Cu 9,26 h X X X X | P1/Bmee 2 927 0,62
B3N 100 a X SSNA, CALIB 66 1,00
64Cu 12,7 h X X X P1/B 653 0,55
65¢n 244 d X X MSA
66Ga 9,4 h X X P1/8, CALIh 4153 0,55
67Ga 3.3d X X X | MSA/SSA
68Ge/68Ga 288d X X P1/B 1899 0,44
69mZn/69Zn 13,8 h X X P1/B, CALIh 321 0,50
71Ge 11,8d X MSA
72As 26,0 h X X P1/8 3329 0,89
73As 80,3 d X X MSA
73Se 7,15 h X X X X | P1/B, CALIh 1651 0,89
74As 17,.8d X X X P1/8, CALIh 1553 0,64

1
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Nuclide Half-life Important emission types Emissions and calibration Egmax £§
B B~ | leph | heph | mee methods used keV
75Se 120d X X MSA
71Br 57,0 h X X MSA, CALIh
80mBr/80Br 4,42 h X X X | P1/Bmee 2 006 1,26
81Rb 4,58 h X X X X | P1/Bmee CALIh 1050 0,65
82Sr/82Rb 25,0d X X P1/B 3 356 0,48
84Rb 329d X X X X P1/B 1658 0,31
85Sr 64,8 d X X MSA, CALIh
86y +4-7-h X X X P1/8 3174 0,33
87y/87mSr 80,3 h X X X | MSA, CALIh
88y 107 d X X MSA, CALIh
897y 78,4 h X X X P1/B, CALIh 905 0,23
90Nb 14,6 h X X X X | P1/Bmee CALIh 1500 0,87
91mNb 61d X X | MSA
91Nb 1x104a X MSA
92mNb 10,2d X X MSA, CALIh
92Nb 3.6%x107a X X MSA, CALIh
93Nb 14,6 a X X | MSA
95mTc 61d X X MSA, CALIh
95Tc 20,0 h X X MSA; CALIh
%Tc 4,28d X X MSA, CALIh
977c 26x106a X MSA
97mTc 89d X X>,1 MSA
97Ru 2,9d X X MSA, CALIh
99mTc 6,02 h X X X | MSA, CALIh
103pd/103mRh 17d X X | MSA
106Ag 8,46 d X X MSA, CALIh
108mAg/108Ag 127 a X X X MSA, CALIh
109Cd/109mAg 464 d X X | MSA
11]n 2,83d X X X | MSA, CALIh
1135n/113m]n 115d X X X | MSA, CALIh
114m|n/114]n 49,5d X X X X | P1/Bmee 1985 0,90
115mIn 4,36 h X X X | CALIh
117mSn 13/6yd X X X | MSA, CALIh
117Sh 2,80 h X X X | MSA, CALIh
119mSn 293d X X | MSA
121mTe/121T 154-¢ X X X | MSA _CALIR
123mTe 120d X X X | MSA, CALIh
1231 13,1 h X X X | MSA, CALIh
1241 4,18d X X X X | P1/Bmee 2135 0,32
125mTe 58 d X X | MSA
1251 60,1 d X X | MSA
126] 12,9d X X X P1/B 1251 0,40
1265n/126mSh 1x10%a X X X X | P1/Bmee 1810 1,30
127mTe/127Te 109d X X X | P1B 694 1,02
129Te 1,16 h X X P1/B mee 1470 1,82

12
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Nuclide Half-life Important emission types Emissions and calibration Eg max €§
B+ B~ | leph | heph | mee methods used keV
129| 1,6x107 a X X X P1/8 mee MSA 152 1,22
129Cs 32,1h X X X MSA, CALIh
131Cs 9,69d X MSA
132Cs 6,47 d X X MSA, CALIh
133Ba 10,5 a X X X MSA, CALIh
133mBa 38,9h X X X | CALIh
134mCs 2,90 h X X MSA
1353 78,7 h X X X MSA, CACIRh
136Cs 13,2d X X X X P1/B mee 681 1,29
133Ce 138d X X X MSA, CALIh
140Bg/140La 12,8d X X X X P1/B8 mee 2164 1.41
141Ce 32,5d X X P1/B mee 580 1,24
143Pm 265d X X MSA, CALIh
149Pm 363d X X MSA, CALIh
149Pm 17.7 a X MSA
148Pm 2020d X X X P1/B 795 0,40
182m1Ey 9,32 h X X X X P1/Bmee 1 865 0,82
152Eu 13,6a X X X X R1/B mee 1475 0,68
153Sm 46,7 h X X X P1/B mee 805 1,82
153Gd 242 d X X MSA
158Eu 8,8a X X X X P1/8 mee 1844 1,51
15pEu 15,2d X X X P1/B mee 2 453 1,37
5 Tb 150 a X MSA
15/Dy 8,06 h X X MSA, CALIh
16PTh 72,3d X X X X P1/8 mee 1747 1,65
165Dy 81,6 h X X X P1/B mee 484 1,89
166MHo 1,2x103a X X X X | P1/Bmee 1314 2,18
16tHo 26,8 h X X | P1/Bmee 1854 1,43
16pYh 32,0d X X X | MSA, CALIh
Er 7.52.h X X X X | P1/Bmee 1485 1,68
81 Hf 42,4d X X X X | P1/Bmee 407 1,67
& VY 121d X MSA
18PTa 115d X X X X P1/B mee 590 1,91
18PRe 12,7 h X X X MSA, CALIh
18PRe 64,0 h X X X MSA, CALIh
183Re 70d X X X | MISA, CALIh
184Re 38,0d X X X MSA, CALIh
1850s 93,6d X X MSA, CALIh
187W 23,8h X X X X P1/B mee 1313 1,27
1901y 11.8d X X X MSA, CALIh
1910s 15,4d X X X P1/8 mee MSA 139 2,76
191pt 2,71d X X X MSA, CALIh
1930s 30h X X X | P1/Bmee 1132 1,38
193pt 50 a X MSA
193mpt 4,33d X X MSA

13
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Nuclide Half-life Important emission types Emissions and calibration Eg max €8
B+ B~ | leph | heph | mee methods used keV

194|r 171d X X X | P1/Bmee 253 1,46
194A0 39,5h X X MSA, CALIh
195pt 4,02d X X MSA
195Au 183 d X X MSA/SSA
196Au 6.2d X X X MSA/SSA
197pt 18,3 h X X X P1/B mee 719 1,76
197Hg 64,1 h X X | MSA/SSA
199Au 3.1d X X X | P1/Bmee MSA 453 1,46
200T] 26,1 h X X MSA, CALIh
2017] 73,1 h X X MSA
202T] 12,2d X X MSA, CALIh
203Hg 46,6 d X X X X P1/B mee MSA, CALIh 212 1,23
203pPp 52,0 h X X X MSA, CALIh
204pb 1,12 h X X CALlh
206Bj 6,2d X X X CALIh
207B;j 334a X X X SSA, CALIh
208B;j 3,6x10%5a X X MSA, CALh

Key

MSA Multisource calibration with 46 mg-cm~=2 PE absorber

MSNA Multisource calibration without absorber

SSA Single-source calibration with absorber

SSNA Single-source calibration without absorber

P1/B Calibration according ISO 7503-1

CALIh/CALIB | Accepted instrument calibration methadforthe indirect measurement (wipe sample) of high-energy

photons or beta-particles

heph High-energy photon emissions (energy > 130 keV)

leph Low-energy photon emissiops.{ehergy < 130 keV)

mee Monoenergetic electron emissions (energy > 20 keV)

B-, Bt Beta-particle emissions

14
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The various terms, some of which are defined in clause 3, are illustrated in figure B.1. The symbols beginning with
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or secondary electrons) defined below:

Direct with no interaction before the interaction in the detector

Radiation emitted towards the detector and reaching the detector, under the following conditions:
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g1b  After interaction with the detector window

qglc  After interaction with the detector casing

gld  After interaction with air (or other surrounding material)

gle  After interaction in the source

©1SO

g1t Passing the detector without interaction with the detector (including radiations which have interacted
before reaching the detector)

Radiation

reaching the detector as a result of backscattering from the source or holder

Radiation leaving the source into the upper solid angle of 2x sr, but not reaching the detector due to absorption
or scattering including:

g3a  Alpsorption or scattering in air

q3b  Absorption or scattering in the detector window

Radiation| emitted into the upper solid angle of 2x sr, but not leaving the source due o self-absa
scattering

Radiation| leaving the source into the upper solid angle of 2r sr, but missing the.detector due to ¢
reasons
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Figure B.1 — Cross-section of a source-detector combination
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Table B.1 — Definition of terms (see also figure B.1)
Term Symbol Unit Definition
Activity of a source A Ba 1
A=£—(r11 +q,+q3+q4 +q5 +qp)
d
Surface emission rate of a source q2r S on =41+ 4y +q3 +4gsg
Efficiency of a source & g1+4y +q3 + 45 don
gs = =
q1+4d2+943+q4 +q45 +9s  Afy
Instrument efficiency [ n
T =
' qitartaztas
Intrinsiq instrument efficiency I P
' gt
Decay ¢fficiency &4 £ = g1+ 4y, %93+ 94 t g5 + 46
d A
Response of the instrument to an activity A R R =Gesty _n
A
NOTE 4 nis the net count rate induced in the measuring instrument by radiatioh-of types 1 to 3.
The terms illustrated in figure B.1 are defined in table B.1. The additional term “intrinsic instrument efficiency”, I;, is
sometimes needed and is defined as the quotient of the couft.rate induced in the detector and the number of
photons|and electrons incident on the detector per unit time.
The maximum values of I; and g are 1,0.
For an ifleal source (no self-absorption, no backscatter), the value of & is 0,5. For a real source, the value of & is
usually less than 0,5, but it may also be greater than 0,5 depending on the relative importance of pelf-absorption
and backscatter processes.
Generally, the term g4 (decay efficiency) used in the definition of activity is the number of photons|plus electrons
emitted|per decay. However, withinithe context of this part of ISO 7503, this term, as well as & gnd &, refer to
either plure photon emissions or,t6_pure electron emissions. In the case of 63Ni, g4 =1 and referp to pure beta
emissiohs, but many of the radionuclides considered are mixed photon/electron-emitters and are tfeated as pure
photon-mitters after discrimnination against electrons by a 46 mg-cm-2 PE absorber foil.
Values for the number,of photons emitted per decay can be found in reference [1] to [3]. For the more important
radionuglides, these valués are also stored in the relevant file of the computer program CHAOSCAL.
All the gfficiencies.are dimensionless.
Accordipg-to.the definitions in table 1, the response of the instrument (R;) to an activity used as calibration source
can be written as:
R =¢e¢

i€s€d

In other words, the response R; can be split up into instrument efficiency g (reflecting instrument characteristics
and counting geometry), efficiency of the source & (reflecting the structural properties of the source) and decay
efficiency &y (reflecting the decay properties of the radionuclide). The calibration factor 1/R;, obtained when the
calibration is based on the activity of the source, is, therefore, a combination of the characteristics of the detector,
the calibration source structure and the radionuclide to be measured.

17
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B.3 Comments on instrument efficiency and source efficiency

The instrument efficiency, g, is dependent on the actual energy distribution of the emitted radiation, i.e. on the
energy spectrum of the source. In other words, two sources with the same surface emission rate but different
energy spectra may induce different count rates in the same detector. This is because the intrinsic instrument
efficiency is generally energy-dependent, and also because the number of photons or electrons incident on the
detector per unit time may be reduced by energy-dependent processes of absorption in air.

The efficiency of a calibration source, &¢, is known whenever the source is specified in terms of both activity and
surface emission rate [e5 = gor /Agq (see table B.1 in annex B)]. However, this information is not normally available
for sources consisting of nuclides emitting a mixture of photons and electrons of discrete energies. The series of
pseudo-monoenergetic calibration sources recommended in I1SO 8769-2 are defined only in terms of their
monoenergetit photon emission rate. They are designed to allow the determination of instrument efficiengies with
respect to mohoenergetic photon radiations. The use of these measured instrument efficiencies, of speciflc values
for g4 and of plausible assumptions concerning the contamination source structure make it possiblé’to ¢alculate
values for the complex calibration factors described in 6.2 (program CHAOSCAL).

The table of cglibration factors obtained by CHAOSCAL lists values for two types of contamination sources

a) ideal sourfes (no self-absorption, no backscattering);

b) sources with a homogeneous distribution of the activity in a depth of 10 mg.ch=2 (thickness of normal wipe
test filter-paper).

The user of this part of ISO 7503 has to decide which type is nearest to thevactual structure of the contapination
source. If no ipformation concerning this structure is available, calibrationfactors for type b) sources shall bg used.

CHAOSCAL also allows a recalculation of its basic data files, so that the determination of calibration fagtors for
other structurg¢s of contamination sources is possible.

This means that this part of ISO 7503 does not recommend~separate &5 values to be applied by the usér of the
multisource caglibration method, since source efficiency aspécts are already considered during the calculatign of the
calibration factors.

In the case of|single-source calibration, this part©f,;$SO 7503 offers calculated correction factors to compefsate for
the reduced spurce efficiency of non-ideal contamination sources (see table 3).

B.4 Other[comments
B.4.1 63Ni emissions

This radionucl|de is the-qrly pure beta-emitter considered in this part of ISO 7503. It emits one low-engrgy beta
particle per dpcay (gf'=1). The beta particles lose a large portion of their energy between the origin|and the
detector. Henfe theslower limit of detection depends strongly on the source thickness and the distance between

the source and-the detector. It is necessary to use detectors without a window or with a very thin|window
positioned cloke+a the source

Self-absorption can be very different in calibrated sources, in-house working sources and contaminated surfaces
that are to be measured.

Detectors for the measurement of 63Ni are normally calibrated using the single source calibration method.
B.4.2 Low-energy photon emissions

The utilization of photon emissions in the energy range 3 keV to 130 keV is the recommended method for the
measurement of many radionuclides considered in this part of 1SO 7503. All applications of the multisource
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calibration method and some applications of the single-source calibration method are based on the measurement
of such emissions.

The detection of low-energy photon emissions is reduced by absorption and scattering within the source, in air and
in the detector window, and it is kept high by good absorptive properties of the detector medium.

Absorption edges of the window materials and the detector medium materials are of special importance in this
energy range.

For photon emission of energy less than 10 keV, the absorption can be different in calibration sources, in working
sources and in the contaminated surface to be measured.

B.4.3 High-energy photon emissions

The deteftion depends especially on the absorption properties of the detector medium. For.low depsity material
such as €.g. methane in the detector, the detection probability is low.

As photans have a longer path range than electrons, the detectors are more sensitive to radiatiop not coming
directly from the surface under the detector. Detectors for high-energy photons are also very sensitive to
backgroupd and other interfering radiation, hence they should be shielded from radiation from other difections.

B.4.4 Nlonoenergetic electron emissions

Many of| the radionuclides considered emit monoenergetic electrons at different energy levels. [The electron
emissionk are always accompanied by monoenergetic photon emissions.

The only|basis for measurements using monoenergetic electrons with a calibrated instrument is the|single-source
calibratioh (see 6.3) with the assumption that the calibration source and the contamination source have the same
efficiency.

In all other cases, the importance of monoenergetic electron emissions can be seen in their contrfbution to the
detection sensitivity rather than the measuremgnt ability of the detectors.

B.4.5 Beta and monoenergetic electron emissions at a rate of other than one particle|per
decay (g§<1or>1)

B.4.5.1 |A number of radionuclides decay only partially by beta-decay. Examples are 48V, 56Co, 64Cu gnd 74As, with
g valuep between 0,20 and 0,64. In cases where these beta emissions are the only easily detectalple emissions,
the radipnuclides are<measured like normal beta-emitters (see 1SO 7503-1), however, the result| according to

equation|(1) of IS@7503-1:1988 has again to be divided by &§ to yield the corrected activity value.

B.4.5.2 |Andther group of radionuclides (e.g. 181Hf, 1910s, 210Pb) emit about one beta article per|decay, but in

addition emit monoenergetic electrons of different energies. In order to avoid underestimation of surface activities,
it is recommended to consider only the detectable4) monoenergetic electrons (energy > 20 keV) and to add their
production rate to the beta-particle production rate. This leads to a new &§ value, which is then used in the same

way as described in B.4.5.1.

4) Detectable by detectors with a sensitive window of 0,3 mg/cm?2 thickness. Windowless detectors may detect electrons
with energies below 20 keV. Therefore, for such detectors the 83 values may be higher than those listed in table A.1.
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B.4.5.3 For some of the radionuclides specified in B.4.5.2, measurement of the low energy photons with a
46 mg/cm?2 PE absorber in front of the detector is also possible {e.g. 1910s, 199Au, 203Hg). Calibration of the
detector is then performed using the multisource calibration method and evaluation of the results is performed
according to 7.1.
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C1 P

C.1.1 Xenon-filled sealed proportional detectors

C.1.11

The mogt frequently used window material is titanium foil of thickness approximat€ly-5 mg/cm?2 fror
area detpctors can be made. Other materials such as beryllium or aluminium cafyalso be used, bu

porosity

producefl.

C.1.1.2

a) Hig

b) Sensitivity to electrons of energies greater than 60 keV,

c) Large-area detectors with window areas typically between 100 cm?2 and 500 cm? are available.

d No

e) Not|affected by normal changes in ambient conditions.

C.1.1.3

a) Low instrument efficiency for phetons with energies greater than 50 keV and low-energy electro

b) Ele

c) Detgctor irreparable if the\window material is damaged.

C1.2
C.1.21

Normal
detecto

ISO 7503-3:1996(E)

Annex C
(normative)

Instruments for direct measurement

repeortional-detectors

Y

General

of these metals there are restrictions with respect to the minimum ¢thickness and size of

Advantages

instrument efficiency for X-rays in the energy range fram)3 keV to 50 keV.

counting-gas consumption.

Disadvantages

trons of less than 60 ke\ energy are not detected.

Gas-flow proportional detectors

General

n which large-
owing to the
the windows

windoew material is an aluminized polyester foil 0,3 mg/cm2 to 0,9 mg/cm?2 in thickness, covering sensitive

replenis

C1.2.2

a) Hig

areas up to 1 000 cm?2._These windows are not gaq-ﬂghfl and therefore continuaus gas flo
hment is required.

Advantages

h instrument efficiency for electrons of energies down to 30 keV.

b) Damage to window can be repaired.

c) Low relative response to interfering gamma radiation (above 30 keV).

d) Large-area detectors with window areas typically between 100 cmZ2 and 1 000 cm? are available.

or a periodic
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C.1.2.3 Disadvantages

a) Low instrument efficiency for photons if butane or methane is used as counting gas.
b) Efficiency values for low-energy photons are increased by use of argon-methane mixtures.
c) Butane and methane are flammable gases.

C.1.3 Windowless gas-flow proportional detectors

C.1.3.1 General

This type of i
areas from 1(
reduce electri
are commonl

C.1.3.2 Advantages

High efficienc

C.1.3.3 Disa

Possible elecfrostatic interference by the measured surface, especially surfaces with low electrical conduc

C.2 Geiger-Miiller detectors

Normal wind¢w material is mica of about 2 mg/cm?2 thickhess, and window areas up to 20 cm?2 are

Geiger-Midller
considered in
low cost and
conversion el

C.3 Thin scintillator detectors

C.3.1 Orgapic scintillators.covered by a window

Typical windg
anthracene. A
material. Plas

output. Howgver, for the measurement of lower-energy electron radiation, anthracene scintillators

advantages o

©1S0

hstrument was developed for the detection of low-energy electrons and Is available with
cm2 and 50 cmZ2. For larger-area detectors, the sensitive area may be fitted with a catho

used, with a gas flowrate of 2 I/min through the entrance window.

Hvantages

detectors are not suitable for general usein measuring the radionuclides with low emission
this part of ISO 7503 due to the low instrument efficiency for photons. They have the advar
simplicity, and can be used in certaincearefully considered applications where a sufficient n
bctrons with energies > 60 keV areremitted.

w materials,;are aluminized polymer foils (= 1 mg/cm?2). Typical scintillators are either {
nthracepé may be used as a single crystal or a thin layer of powder affixed to a transpar
ic scintilfators have the advantage of being available in large-area sheets of highly reprodud

a-higher intrinsic light conversion efficiency than plastic scintillators. Thin (= 12 mg/cm?2) sc

e grid to
cal interference from the surface to be measured. Counting gases like argon-methane-or a{;]on-COz

y for both low-energy electrons and beta radiation down to 1 keV underfavourable conditions]

ensitive

ivity.

bvailable.
energies
tages of
imber of

lastic or
ent base
ible light
have the
ntillators

have a low re

ative response to interfering gamma background.

This type of detector is unsuitable for the measurement of the characteristic X-rays and gamma radiations
considered in this part of ISO 7503 due to the low detection efficiency (typically < 1 %).

Electron detection is possible at energies above approximately 40 keV. Although large-area detectors can be
produced, the reduced efficiency of light collection is likely to result in a nonuniform detection efficiency across the
window of the detector, and an increase in the threshold energy of detection and hence a greater variability
between instruments of the same type. However, this type of probe can be considered in certain applications
where a significant number of high-energy conversion electrons are emitted.
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C.3.2 Windowless organic scintillation detectors
C.3.2.1 General

Light from the excitation of an organic scintillator is detected by two photomultipliers operating in coincidence
mode. As the detection is windowless, an essential requirement is the exclusion of ambient light. This is achieved

hv moane af an ananiia riihhar aackat hatwean the dataector and the crirface to ha maeaaiirad A caarandary fiinetinn
Oy Means O an OPpaque rutioer gaskel 0etween Nt GEleCilr and tn€ SuliaCe 10 0 Measured. A seConGary Tuncton

of the gasket is to ensure the correct geometry for measuring weak emissions. If a partial vacuum is created in the
light-tight chamber so formed, the instrument efficiency for low-energy electrons is increased.

C.3.2.2 Advantages

a) Detefts all emissions referred to in this part of ISO 7503.

b) Detefted light is proportional to the energy deposited in the scintillation, therefore energy‘discrjmination can
be uged in some cases to assist identification of radionuclides.
c) Deteftors with 100 cm?2 sensitive area are available.

d) Wipdgs of surfaces can be measured for indirect assay of surface contamination.

P |
isauvarnwayco

a) Light seal becomes contaminated and in high activity areas needs replacing frequently.
b) Background is affected by high ambient light.

c) Can pnly be used on smooth, flat, opaque surfaces.

C.3.3 Inorganic scintillators

C.3.3.1 {General

Typical Window materials are aluminium (from, approx. 7 mg/cm2 to 30 mg/cmZ2) and beryllium (from approx.
40 mg/cmZ to 100 mg/cm?2), for sodium iodide detectors. The latter is used to improve instrument efficiency for X-
ray energies below 20 keV. Caesium iodidé detectors can use windows of aluminized plastic sheef of thickness
less tharl 1 mg/cmZ2. Inorganic crystals with thicknesses of 1 mm to 3 mm and sensitive areas pf 30 cm?2 to

127 cmZ2 fare used as scintillators in order to reduce background and the response to other interfering high-energy
gamma radiation. Collimated types-are/available.

C.3.3.2 Advantages

Intrinsic ihstrument efficiency of more than 10 % for photons in the range of 7 keV to 500 keV and mgre than 70 %
in the rarlge of 15 keV't0 85 keV.

C.3.3.3 pPisadvantages of sodium iodide detectors

Will not detect beta particles with enerqies below:

84 keV (14 mg/cm2 Al windows),
127 keV (28 mg/cm?2 Al window),
280 keV (94 mg/cm?2 Be window).

C.4 Semiconductor detectors

Semiconductor detectors are not recommended for general use in direct measurement of radionuclides considered
in this part of ISO 7503. This is due to the fact that detectors with large surfaces and high detection efficiency will
be difficult to operate with a reproducible response due to the complicated electronics and support systems that
are needed.
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D.1 Liqui

Liquid scintill
of the prim
photomultipli
counted by a

Emission of
liquid scintillg

— the typs

interacting),

— whether
— the effe
— absorpti
— the orien

NOTES

1 Becal
measure
polystyre

2 The sWibject is covered in more detail in the literature (see references [4] and [5]).

D.2 Sem

D.2.1 Pho

For indirect
instruments

Annex D
(normative)

Instruments for indirect measurement

L seintillati I

© ISO

htion counting is a method of detecting radioactivity introduced into a scintillation solutien” T
ary emission from the radioactive material is converted to light. A photomultiplier

scaling circuit. In certain cases emissions of differing energies can be counted(ifferentially.

K-rays or Auger electrons from the radionuclides covered by this part of fSO 7503 can be dg
tion counting with varying degrees of efficiency depending on

and energy of emission (X-rays and gamma photons may eseape from the scintillato

the sample is dissolved in the scintillator or is in the form of ‘particles or retained in the wipe
t of chemicals on the scintillator,
bn of the emitted light by colour or opacity of the samgle before it reaches the photomultiplie

tation of the wipe in the sample vial.

se of the variable geometry of wipes introdueced into the sample vial, care is necessary to achieV
Mment unless the wipe is made with a material which can be dissolved in the scintillator (e.g.
he).

conductor instruments

fon measurement

measurements of radionuclides emitting photons with energies above 3keV, semi
can be used with great advantage as they can identify the radionuclides in the sample.

D.2.2 Beta_and electron radiation measurement

e energy
(or two

ers operating in coincidence mode) responds to this light and produces a pulse which is amplified and

tected by

r without

Material,

(s),

e accurate
expanded

conductor

For the measurement of low-energy beta and electron radiation, special semiconductor detectors with very thin

windows are

available.

When measurements of low-energy beta or electron emitters are made, only dry smears should be used.

D.3 Insta

lled sodium iodide scintillation detectors

For indirect measurement of radionuclides emitting photons with energies above 15 keV, sodium iodide (T1)
detectors can be used with advantage because of their high efficiency. This type of detector can also be helpful for

the identifica
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tion of the radionuclides in the sample.
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