INTERNATIONAL ISO
STANDARD 8769

Second edition
2010-09-01

Reference sources — Calibration
of surface contamination monitors
Alpha-, beta- and photon emitters

\* 44

Sources de référence — Etalonhage des contréleurs de contamination
de surface — Emetteurs alpha;.béta et photoniques

e Reference number
= — ISO 8769:2010(E)

© SO 2010


https://standardsiso.com/api/?name=092c51e1151bbd90c5eff948d9a705bd

ISO 8769:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

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 and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=092c51e1151bbd90c5eff948d9a705bd

ISO 8769:2010(E)

Contents Page
oY o o iv
0o T [0 4 o o T \'
1 T o - S 1
2 NOrmative referenCes ...t T p e e 1
3 Terms and definitions ... e e e 2
4 Traceability of reference SOUIrCes .......ccccccvcmrreriiiscccssscrrr s ssseere e es s sssade N b e s s s s sncbe e e eesssmmenenees 2
5 Specification of standard SOUICES..........cmiiiiiiccciicirrr Ty e e s s smme e e e e b e s s s s ssnmne e s snnnen 3
5.1 L T=Y o = | =S -= D 3
5.2 Class 1 refereNCe SOUICES .......ccciiiiiiiiiiiirrrrssssssssssssssss s s ss s s sssssssssssssnss fommt i Tesessssssssssssssssssssnsbressrsnsssssnsnnns 4
5.3 Class 2 referenNCe SOUICES .......ccciiiiririiiiirisssssssssssssssssssssssssssssssssssslonathesssssssssssssssssssssssssssssbresensssssssssenns 7
5.4 WOrKiNg SOUICES .....cccerriiiimiriinisns s isssss s ssssss s ssssss s sssssssssssssss s s e ssssnss s sssssss s sssssss s s ssssss s shuss s s sssnse s nnans 8
6 Reference transfer instruments ... s 9
6.1 Reference transfer instrument for alpha- and beta-sources..........cccciiiiiiccciiccninnccc s 9
6.2 Reference transfer instrument for photon sources ... ..o 9
6.3 L0 111 4] - 1 {[o o N S 9
Annex A (normative) Particular considerations for reference sources emitting electrons of|energy

less than 0,15 MeV and photons of energy less than 1,5 MeV .........ccccomiiirccccvcerneene s fecsssseeeeeenn, 10
=1 0] [T (o T o] 4778 SR 12

© ISO 2010 — All rights reserved iii


https://standardsiso.com/api/?name=092c51e1151bbd90c5eff948d9a705bd

ISO 8769:20

10(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member
technical com

bodies). The work of preparing International Standards is normally carried out through ISO
mittees. 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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for voting>yPublication s an

International $tandard requires approval by at least 75 % of the member bodies casting 3 vote.

Attention is d

rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

awn to the possibility that some of the elements of this document may be the subject of patent

ISO 8769 wag prepared by Technical Committee ISO/TC 85, Nuclear energy, Subcommittee SC 2, Radliation

protection.

This second

ISO 8769-2:1P96, which have been technically revised.

edition cancels and replaces the first edition\(ISO 8769:1988) and the first edition of
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Introduction

Radioactive contamination of surfaces can result from spilling, splashing or leakage from unsealed sources, or

breakage or loss of integrity of sealed sources and may give rise to the following health hazards:

a) external exposure to parts of the body in proximity to the surface;

b) inhalation, ingestion or entry into the body through wounds, of radioactive material releg
strface.

sed from the

The need for effective monitoring of surface contamination has long been recognised, Gee References [1] and

[2]. Sdrface contamination is quantified in terms of activity per unit area, the quantity, Which is no
specifly “derived limits”, i.e. maximum limits of surface contamination. These limitsyare based d
protedtion considerations and have been derived from the dose equivalent or{intake limits recq
the Infernational Commission on Radiological Protection (ICRP), see References [3] and [4]. Der
incorporated into numerous national and international regulatory documents which relate
surfade contamination monitoring.

The requirement for this International Standard originated from_the need for standard calibrati
those [International Standards dealing with the calibration of surface contamination monitors.

While|regulatory documents refer to surface contamination.in terms of activity per unit area, th
monitpring instruments is related directly to the radiation*emitted from the surface rather than
contained upon or within the surface. Due to variations in the absorptive and scattering proj
surfades, it cannot be assumed, in general, that\there is a simple, known relationship bet

emissjon rate and activity. Thus there emerges,a clear need for calibration sources that are spec
in terms of surface emission rate as well as_activity. Traceability of calibration sources to in

national standards is established by a system’ of reference transfer instruments.

mally used to
n radiological
mmended by
ved limits are
specifically to

bn sources in

b response of
to the activity
erties of real
veen surface
ified primarily
ternational or
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Reference sources — Calibration of surface contamination
monitors — Alpha-, beta- and photon emitters

1 S

This

contamination, traceable to national measurement standards, for the calibration ofcsurface

monit
photo
refere
IEC 6

NOTE
of pho
the req
the de

This |

monit
terms

2 N

The f
refere

document (including any amendments) applies.

ISO 9

ISO/IE

ISO/IE
meas

IEC 6
conta

cope
nternational Standard specifies the characteristics of reference sources ofcradioa

brs. This International Standard relates to alpha-emitters, beta-emitters and photon emitter:
N energy not greater than 1,5 MeV. It does not describe the procedures involved in the
hce sources for the calibration of surface contamination monitors. Suchyprocedures ar
D325, IEC 62363 and other documents.

Since some of the proposed photon sources include filters, the photon’sources are to be regar
ons of a particular energy range and not as sources of a particular radionuclide. For example, a 24’
ommended filtration does not emit the alpha particles or characteristic’low-energy L X-ray photons
Cay of the nuclide. It is designed to be a source that emits photons'with an average energy of approxi
hternational Standard specifies also reference radiation for the calibration of surface

brs, which takes the form of adequately characterized large area sources specified, withou
of surface emission rates, the evaluation of these quantities being traceable to national sta

ormative references

bllowing referenced documents_are indispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th
P1, Nuclear energy —(Vocabulary

EC 17025, Generalrequirements for the competence of testing and calibration laboratories

FC Guide 98-3; Uncertainty of measurement — Part 3: Guide to the expression of
irement (GUM:1995)

D325, \Radiation protection instrumentation — Alpha, beta and alpha/beta (beta ene
mination meters and monitors

ctive surface
contamination
5 of maximum
use of these
b specified in

ded as sources
Am source with
hssociated with
mately 60 keV.

contamination
exception, in
ndards.

ht. For dated
e referenced

ncertainty in

gy > 60 keV)

IEC 60050-394, International Electrotechnical Vocabulary — Part 394: Nuclear instrumentation — Instruments,
systems, equipment and detectors

IEC 62363, Radiation protection instrumentation — Portable photon contamination meters and monitors
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3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 921 and IEC 60050-394 and the

following appl

31
activity

y.

(of an amount of a radionuclide in a particular energy state at a given time) quotient of the expectation value of
the number of spontaneous nuclear transitions, dN, from that energy state in the time interval, dz

NOTE

3.2

Sl unit: s~'. The special name for the Sl unit of activity is the becquerel, Bqg; (1 Bq=1s~")

surface emission rate

(of a source)
the source or

3.3

saturation la
(of a source
maximum ran

3.4

instrument e
ratio between
emission rate

NOTE The
and the area of

3.5
self-absorpti
(of a source)

3.6
traceability

number of particles or photons of a given type above a given energy emerging from-the f|
its window per unit time

yer thickness
constructed of a homogeneous radioactive material) thickness of the medium equal
ge of the specified particulate radiation

fficiency
the instrument net reading (counts per unit time after background subtraction) and the s
of the source (particles emitted per unit time) in a specified geometry relative to a source

e instrument efficiency depends on the energy of the radiation emitted by the source, the area of the
the detector entrance window.

pn
hbsorption of radiation which occurs within the material of the source itself

property of the result of a measurement or the value of a standard whereby it can be related to

references, u

stated uncertainties

3.7
uncertainty

standard uncertainties (k= 1) unless otherwise stated

The treatmen

of’uncertainties is in accordance with the ISO/IEC Guide 98-3 for the Expression of Unce

ace of

o the

Lrface

jsource

stated

sually national or international standards, through an unbroken chain of comparisons all having

rtainty

in Measurement.

3.8
uniformity

(of a surface in respect of a given property expressed as a measured quantity per unit area) indication of the
reproducibility of that property over the surface

4 Traceability of reference sources

The following scheme is proposed to ensure that working standards used in the field for the routine calibration
of surface contamination monitors shall be related to national measurement standards via a clearly defined
traceability chain using reference sources and reference transfer instruments.
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Reference sources shall be of two types:

Class 1: reference sources that have been calibrated directly in terms of surface emission rate at a
national or international metrology institute.

Class 2: reference sources that have been calibrated in terms of surface emission rate on a reference
transfer instrument, the efficiency of which has been measured by calibration with a Class 1 reference
source of the same radionuclide and of the same general construction using the same geometry, at a

laboratory that has been accredited to ISO 17025 for such measurements.

National metrology institutes shall, at their discretion, provide the means whereby Class 1 reference sources

ofas
Mutugl Recognition Arrangement (MRA), a certificate of calibration from another participating
second country is recognized as valid in the first country for the quantities, rangescand

uncer

The sprface emission rate of Class 1 reference sources shall be measured by absolute methd
exam
using

The dctivity of Class 1 reference sources will have been derived by the*manufacturer in a n
provides results that are directly traceable to the Sl unit of activity (the becquerel). The man
make| available to purchasers the details of the method of activity determination, its validation and the

uncer

Orgarjizations with a requirement to type test and to calibrate instruments to be used f
radiogctive surface contamination need to have access 1o suitable Class 1 or 2 reference
purpoge of a working source is to check the calibration.af surface contamination monitors in the
not to

Orgarjizations with a requirement to provide weorking standard sources for the routine confir
calibr
instrument with which to calibrate such~sources in terms of surface emission rate against a
reference source. Where the working source will be used either in a jig or under a particular
referepce transfer instrument on which its emission rate is measured shall have been calib
reference source under identicalyconditions and geometry; alternatively, the working sou
remoyable from the jig so that jit can be measured in the usual way. Where only a few n
calibr
sources: in such cases, theifrequency of re-calibration shall be that for working sources. Nation
may require more frequent calibrations.

5

5.1

ecified range of radionuclides may be certified hy them. For those countries which are cignatories to the

ainties specified in Appendix C of the MRA.

ble, a windowless gas-flow proportional detector, or by using an instrument that has bed
sources that have been measured absolutely.

ainties associated with that measurement.

be confused with check sources which are only/intended to test that a monitor is operating

tion of their surface contamination /monitoring instruments require access to a refer

tion or a high degree(ofjaccuracy is required, Class 1 or 2 reference sources may be us¢

Specification of standard sources

General

institute in a
measurement

ds, using, for
en calibrated

nanner which
facturer shall

br monitoring
sources. The
field; they are

mation of the
ence transfer
Class 1 or 2
jeometry, the
rated using a
rce shall be
honitors need
ed as working
al regulations

Reference standard sources may be of two kinds.

a)

Sources comprising an electrically conducting backing material with a given radionuclide permanently
deposited upon or incorporated into one face only; the thickness of the backing material shall be sufficient
to prevent emission of the particulate radiation through the back of the source.

Sources comprising a layer of material within which the radionuclide is uniformly distributed and the
thickness of which is at least equal to the saturation layer thickness of the particulate radiation. For the
purposes of surface contamination monitoring, the activity of the source shall be taken as the activity
contained within a surface layer of thickness equal to the saturation layer thickness.

Photon-emitting sources shall incorporate filters in accordance with Table 1.

© 1SO 2010 — All rights reserved 3
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Reference standard sources shall be of adequate radionuclidic purity. It shall be the responsibility of the
manufacturer to determine and report the radionuclidic purity to the extent necessary to ensure that the use of
the source is not compromised by emissions from any impurity. As a minimum, all radionuclide impurities with
an activity of at least 1 % of the activity of the principal radionuclide shall be determined and reported. For
those sources which may contain radionuclidic impurities, users should take due account that the relative level
of the impurity will change with time and could produce a significant effect on the emission rate from the

source.

Table 1 — Characteristics and additional filtration of photon-emitting sources

Approximate mean photon energy? Half-life R b
i lid | il
keV days
55
5,9 1,00 x 10° Fe
(none)
238 ; .em=2
16 3.20 x 10 Pu VYIth a. 32,5 mg-cm
zircapium filter
129) i .om=2
32 5.88 x 10° L.with a .81 mg-cm
aluminium filter
247 ; .em—2
60 1,58 x 105 Am wlth a 200 mg-cm
stainless steel filter
57 ; .om=2
124 279 Co wlth a 200 mg:-cm
stainless steel filter
137 ; .em—2
660 1,10 x 104 Cs ywth a 800 mg-cm
stainless steel filter
60 ; -cm=2
1250 1,93 x 103 Co with a 81 mg-cm
aluminium filter
NOTE ThesF are sources of photons or electrons of a particularenergy range and not sources of a particular radionuclide.
2  The approJimate mean photon energy is equal to (Zn, X E,)>n, where n, is the number of photons emitted from the sourge with
energy E,.
b For this Intgrnational Standard, stainless steel is that which has the composition 72 % Fe, 18 % Cr, 10 % Ni.
5.2 Class [l reference sources
5.2.1 Generfal requirements
In order to cqmply with the{requirements specified in this International Standard, Class 1 reference sgurces
shall be plane sources\comprising an electrically conducting backing material with radioactive mpaterial
deposited upon or ingorporated into one face in such a manner as to minimize source self absorption and to
maintain elecjrical conductivity across the whole of the active surface (see Note). The active area shall| be at
least 104 mm#;recommended sizes are 100 mm x 100 mm and 100 mm x 150 mm.
NOTE A Class 1 reference source is intended to approximate as closely as practicably possible to an ideal “thin”

source (see IEC 60325) with respect to the activity itself. However, it is acknowledged that with alpha-emitters and low-
energy beta-emitters, self-absorption can be far from negligible. Maintenance of electrical conductivity is necessary for the

correct operation of windowless proportional counters.

© 1SO 2010 — All rights reserved
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The thickness of the backing material should be such as to minimize the contribution from backscattered
radiation, both particle and photon. The recommended backing material is aluminium of 3 mm thickness. (This
thickness is sufficient to eliminate particle emission through the back of the source, with the exception of
106Ru/Rh sources where the thickness would need to be increased to 4,6 mm). The mass per unit area of the
backing material shall be within £ 10 % of the value detailed in the certificate. The backing material should
extend beyond the active area to such an extent that the backscattering effect is uniform over the whole of the
active area. It is recommended that the backing material should extend at least 10 mm beyond the active area
of the source.

Photon-emitting sources shall include the filtration specified in Table 1. The filters should normally be an
integral part of the source; they should not be removable. The area of the filter should be such that it extends
for at least 10 mm beyond the active area of the source. The mass per unit area of the filter s
+ 10 % of the specified value in Table 1.

hall be within

Sources shall be accompanied by a calibration certificate giving the following information:

)

radionuclide and its half-life 1);

burce identification number;

2]

[%2]

irface emission rate, its uncertainty and the reference date;

QD

Ctivity, calculated to correspond to the same reference date astinic) above, and its uncertai

QD

Ctive area and dimensions of source and its uncertainty;

[o}

bpth of active layer as measured from the front surface of the active layer;

>

hture, thickness, density and dimensions of substrate;

>

hture, thickness, density and dimensions ‘offilter (if any);

c

hiformity and table of relative emissiofr rates of all individual portions relating position and g

class of source.

Manufacturers may decide to give further information of help to the user. Markings on the sou
indicate the radionuclide and thé source identification number.

5.2.2 | Activity and surface emission rate

The aftivity of a-Class 1 reference source of the preferred size should be such as to give a sur|
rate from about'2’000 to 10 000 s~ in order to optimize between background, statistical and dez
The aftivityyshall be stated with an uncertainty not exceeding = 10 % (k= 1). The surface emis
be mgasuUred by the national metrology institute with an uncertainty not exceeding:

hty;

mission rate;

ce itself shall

face emission
d-time errors.
sion rate shall

* 3 % for alpha-sources;
* 3 % for beta-sources with an end-point energy greater than 150 keV;
*+ 5 % for beta-sources with an end-point energy less than 150 keV;

+ 10 % for photon sources.

Class 1 reference sources shall be re-calibrated at a frequency of not less than once every four years.

1)

Half-life values are the current values provided by the Decay Data Evaluation Project (DDEP).
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5.2.3 Uniformity

The uniformity of a Class 1 reference source expressed in terms of the standard deviation of the surface
emission rates from each individual portion of the whole source shall be no greater than 5 %.

For the purpose of specifying the uniformity of a source with respect to surface emission rate per unit area, the
source shall be considered as comprising a number of portions of equal area. The area of the portions shall
be 5cm? or less. The uniformity shall be expressed as the relative experimental standard deviation derived
from the emission rates from each individual portion of the whole source. These individual emission rates shall
be determined with an uncertainty, arising from counting statistics, which is no greater than + 1 %.

Uniformity ma

v he measured bv usina the imaae nlate techniaue naosition-sensitive-measurement svust
Y Y g o gereT P 4

ms or

by inserting a
of appropriatg
outside the a
For the masK
minimize effe
the other tech
efficiency acr

NOTE 1 Kn
maintaining a r

NOTE 2 Be
source cannot

5.2.4 Radionuclides

Class 1 refersd
Characteristig

Tables 1 and
for their gen
alternatives nj
half-lives; dusd
thin active lay
radionuclidic

berture area should not be more than 5 % of the measurement result from any individua

cts due to possible non-uniformity of response to radiation across the surface’of the detect
niques, care should be taken to minimize effects due to possible non-uniformity of the detection
bss the whole detector.

masking plate between the source and the detector. The masking device shall have an(ap
size and provide sufficient shielding of the detector to ensure that the contribution-from

ing plate technique, care should be taken to always use the same portion of-the dete

pwledge of the uniformity distribution will make it possible to use smaller areas of the sourcq
pasonable level of uncertainty.

cause of possible edge effects and contributions from neighbouring areas, the total emission rate
be determined from the summation of the emission rates from the individual areas.

nce sources should be prepared, if possible,-ffeam any of the radionuclides in Tables 1, 2
s of these radionuclides are given in the tables. See Reference [6].

2 have “preferred” and “possible alterpative” categories. The preferred radionuclides are ¢
eral availability, suitably long half-lives and reasonably high specific activity. The pg
ay suffer from concerns such as the need to replace them regularly due to their relatively
to their low specific activity. which makes it difficult to provide sufficient activity in an in

burity.

Table'2— Radionuclides for alpha-emitting sources

erture
areas
area.
ttor to
br. For

while

ifor the

and 3.

hosen
ssible

short
initely

er; because they emit additiohal unwanted radiation; due to the difficulty in providing sufficient

Radionulide Half-life Maximum energy Comments
days keV

Preferred
241Am 1,58 x 105 5544 —
238py 3,20 x 104 5499 —
Possible alternatives
230Th 2,75 x 107 4688 —
6 © 1SO 2010 — All rights reserved
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Table 3 — Radionuclides for beta-emitting sources

Half-life Maximum energy
Radionuclide Comments
days keV
Preferred
Depending on the nature of the
manufacturing process, it may be
3H 4,50 x 103 19 necessary to re-calibrate more
frequently because of possible
icntnpir‘ exchange with H in
atmosphere.
63N 3,61 x 104 67 5
Depending ©©n the natyre of the
manufaeturing procesy, it may be
140 2.08 x 108 156 necessary to re-calibrgte more
frequently because of possible
isotopic exchange with C in
atmosphere.
9Tc 7,82 x 107 292 —
36¢| 1,10 x 108 709 —
If only the higher-energy betas from
4190 9 90V are required, a filtgr of
908y 1,05 % 10% (*7Sr) 546.(7°Sr) 130 mg-cm~2 will be ngeded but this
2,67 (90Y) 2280 () will result in significant|spectral
degradation of the 90Y|emission
spectrum.
373 (16Ruy) 40 ("98Ry)
106Ry/RN Relatively short half-lifg.
0,000 35 ('%Rn) 3 541 (196Rn)
Possible alternatives
147Pm 958 225 Relatively short half-lif¢.
Approximately 3 % of gecays are by
204 3 electron capture and pfoduce X-ray
i 1,38 <10 764 emissions of about 70 keV to
80 keV.
Not a pure beta-emittef.
%Co 1,925 x 10° 317 Emits photons at 1,173 MeV and
1,332 MeV.

5.3 'Class2referencesotrces

5.3.1 General requirements
Class 2 reference sources shall comply with the same general requirements as specified for Class 1 reference

sources. They shall be marked with the same information as Class 1 reference sources and shall be
accompanied by a calibration certificate in accordance with 5.2.1.

5.3.2 Activity and surface emission rate
The emission rate of a Class 2 reference source of the preferred size should be as required by the user and

will depend on the type of instrument being calibrated and the particular test being carried out. The activity
shall have been determined in a manner which provides traceability to the International System of Units (SI)

© 1SO 2010 — All rights reserved 7
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and shall be stated with an uncertainty not exceeding + 10 % (k=1). The surface emission rate shall be
determined by means of a reference transfer instrument (see Clause 6) with an uncertainty not exceeding:

+ 5 % for

+5 % for

alpha-sources;

beta-sources with an end-point energy greater than 150 keV;

* 10 % for beta-sources with an end-point energy less than 150 keV;

*+ 15 % for photon sources.

Class 2 reference _saurces shall be re-calibrated at a frpqupnr-y of not less than once every four years

5.3.3 Unifo

The uniformit
of the surface

mity

(as defined in 5.2.3) of a Class 2 reference source expressed in terms of the standard de
emission rates from each individual portion of the whole source shall be nogreater than 1

5.3.4 Radionuclides

Class 2 refergnce sources shall be prepared from among the same radionuclides as provided for Q

reference sou

rces in accordance with 5.2.4.

5.4 Working sources

5.41 Gener

The detailed
may often be
In specifying

a) Working
in resped

b) Working
the seria
calibrateq
marking,
which als
and refer|

c) Working

d) In the al

al requirements
equirements specified for working sources shall be the responsibility of the user. Such sq
vorking sources the following points need'to he considered.

sources shall be provided in a quantity and variety of sizes to meet the needs of the organ
t of the routine calibration of its surface contamination monitors.

sources shall be marked withthe surface emission rate at a reference date, the radionuclig
number, and shall be aceempanied by a note detailing the geometry for which they havs
and hence should, be_used. Where the size of the source minimizes the space availa

o contains the unique identifier together with details of the radionuclide, surface emissio
ence date.

sources shall be sufficiently robust to withstand day-to-day handling.

sehce of conflicting requirements, working sources shall comply as far as possible wi

requirem

iation
) %.

lass 1

urces

manufactured in-house and due recognition shall be given to any relevant national regulations.

zation

e and
been
ble for

the source shall bear’a unique identifier and shall be accompanied by a calibration cerlificate

n rate

th the

bnts specified for reference sources in 5.2.

5.4.2 Activity and surface emission rate

The surface emission rate of a working source should be as agreed between the user and the manufacturer.
The activity of a working source shall be stated by the manufacturer and shall be traceable to the SI; the
surface emission rate shall have been measured on a reference transfer instrument that has been calibrated
using a Class 1 or a Class 2 reference source of the same construction. The surface emission rate of working
sources will need to be known to the uncertainty specified by the appropriate instrument calibration

regulations.

Working sources shall be re-calibrated at a frequency of not less than once every two years.
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5.4.3 Uniformity
The uniformity of a working source should preferably be the same as specified for a Class 2 reference source.

(An example of the way in which non-uniformity of sources can affect the calibration of monitors is given in
Reference [5].)

5.4.4 Radionuclides

Working sources shall be prepared from such alpha-, beta- and photon-emitting radionuclides as may be
required by the user.

6 Reference transfer instruments

6.1 |Reference transfer instrument for alpha- and beta-sources

A refgrence transfer instrument for alpha- and beta-radiation shall have an instrumient efficiency greater than
50 % jover the range of energies covered by this International Standard. It.should be of such| size that the
variation in spatial response over a measurement area of 100 mm %350 mm may be |ignored. The
reconmended type of reference transfer instrument for beta-emitters is~a large-area, windowless, gas-flow
propoftional counter, together with a regulated gas supply.

The threshold for beta counting shall be set to correspond to a photon energy of 590 eV (0,1 times the energy
of the|Xy-radiation of 54Mn following the decay of 55Fe). For.alpha counting, the threshold shoyld be set just
above the electronic noise of the system. Corrections shall be made for electronic dead time and the
background counting rate.

6.2 |Reference transfer instrument for photon sources

It is umlikely that a single reference transfer instrument would cover the full range of photon energies proposed
in thi$ International Standard. The instrument used for a particular energy should have |the following
charagteristics:

a) hlgh detection efficiency;

b) uhiformity of response over-its surface;
c) sfability;

d) Igw background’noise.

Largetarea preportional counters with appropriate gas filling are suitable for the measurement of the
lower{energy-photon emitters. Scintillation detectors such as Nal(Tl) are suitable for the higher-energy photon
emittdrs-

6.3 Calibration

A reference transfer instrument shall be calibrated both initially and at regular intervals during its working life in
accordance with regulatory requirements, codes of practice or other recommendations. It is recommended
that the reference transfer instrument be re-calibrated at least annually.

Calibration of a reference transfer instrument shall be the responsibility of the organization. Where beta-emitting
radionuclides not available as Class 2 reference sources are required as working sources, traceability may be
maintained by interpolation of the reference transfer instrument efficiency. However, for beta-emitters of
maximum energy less than 0,5 MeV where the efficiency of gas-flow proportional detector changes steeply as
a function of energy, interpolation could lead to large errors and every effort should be made to obtain suitable
Class 1 or 2 reference sources.
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Annex A
(normative)

Particular considerations for reference sources emitting electrons
of energy less than 0,15 MeV and photons of energy less than 1,5 MeV

Radionuclides decaying by electron capture and by isomeric transitions can emit a wide range of different
types of radiation including internal conversion electrons and Auger electrons as well as characteristic K, L

and M X-radi
radiation, the
construction

energy degra
calibrations fr

not be ignored.

"

The use of fil
of photons e
emission dist
similar reasor]

The use of fi

btion and gamma radiation. For these mostly low-energy and hence less penetratingcty,

relationship between emission rate and activity will be very dependent on  the
or nature of contaminated surface). Also, the emitted electron spectra may suffer subsg
jation and hence distortion. This will present difficulties when such sources are Used to tr|
bm one detector to another when the two detectors have different windows. These effects 4

9

4

rs on photon-emitting sources will lead to a degree of angular collimation whereby the n
itted normally to the surface is greater than that emitted at oblique angles. Thus the
ibution from the reference source may differ from that emitted 4y a contaminated surfac]
s, the emissions from a contaminated surface may themselves be anisotropic.

should be n

ters is designed, partly, to remove unwanted emissions«such as beta- or electron-radia
d that the filter, which will also attenuate the photon emissions, will produce secondary el
the attenuation process. Such radiation will in general be of low energy and of low prob

o)
emission fro
However, its possible presence should be considered.

Reference so

urces that emit significant numbers of electrons as well as photons would have the fol

bes of
ource
tantial
ansfer
should

imber
polar
e. For

ion. It
bctron
hbility.

owing

disadvantages:

a) the deteqmination of their emission rates would require the measurement of both electron and ghoton

radiation
b)

the emis ndent

on the ty

5ion rate and energy distribution of the lower-energy electron radiation would be very deps
be of source construction;

if source
nuclide,
radiation

c) 5 emit both types of-radiation, but only the photon emission is determined, then, for a
the calibration factor obtained for a contamination monitor that responds to both typ

would require theyknowledge of its response to both photon and electron radiation;

given
es of

d) s that

nergy
n the

if source
detect lo
distributid
contamin

5 as under-¢) were to be used for the calibration of thin-windowed contamination monito
W energy.electrons, the derived calibration factor could be very dependent on the e
n resulting from the particular source construction and upon the distance betwe¢d
ated'surface and the window of the instrument.

In order to ensure a greater consistency between calibrations which are essentially for photon emissions, a
series of reference sources is proposed that emit essentially photon radiation over restricted energy ranges.

Although there are many nuclides in regular use in the workplace, the number that are suitable as reference
sources is extremely limited due to considerations of adequately long half-life, cost, availability and the ability
to provide calibrations that have only a single beta branch or a single photon. The photon-emitting
radionuclides recommended have been chosen in order to provide sources that produce a range of photon
energies suitable for the calibration of the types of instrument most commonly used for the measurement of
nuclides decaying by the processes of electron capture and isomeric transition. (If there is a requirement to
determine a more detailed response of an instrument for energies other than those provided by these sources,
reference fluorescence X-radiation from ISO 4037 may be used). It should be noted that, with the exception of
S5Fg, all the photon-emitting reference sources have filters over the face of the active material of the source.
For 95Fe, it should be noted that low-energy Auger electrons are emitted. These will normally be completely
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