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Foreword

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

The proced e ) e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Attention is firawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patentrights. Detils of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, [as well as information about ISO’s adherence to the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information.

The commitfee responsible for this document is ISQO/T€ 85, Nuclear energy, Subcommittee [SC 2,
Radiological protection.

This third edition cancels and replaces the.second edition (ISO 8769:2010), which has|been
technically rlevised.
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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 can give rise to the following health hazards:

a)
b)

external exposure to parts of the body in proximity to the contaminated surface;
internal exposure through incorporation of radioactive material released from the surface.

The need for effective monitoring of surface contamination has long been recognized, see Reference
[1]. Surface contamination is quantified in terms of activity per unit area, the quantity which is

norm
are b
or inf
see R
regul

The 1
sourc

Whilg

fty used to specify “derived Hmits , I.€. maximum I1mits of Surface contamination.
hsed on radiological protection considerations and have been derived from therdoy
ake limits recommended by the International Commission on Radiological~Rpote
eferences [2] and [3]. Derived limits are incorporated into numerous natignal’and
htory documents which relate specifically to surface contamination monitebing.

equirement for this International Standard originated from the need for standar
es in those International Standards dealing with the calibration of strface contaminat

resp

se of monitoring instruments is related directly to the radiation emitted from the s

than fo the activity contained upon or within the surface. Due to variations in the ab
scattering properties of real surfaces, it cannot be assumed;.in general, that there is a si
relatipnship between surface emission rate and activity. Thuss, there emerges a clear need f¢r calibration
sources that are specified primarily in terms of surface-émission rate, as well as activity. T
which) these sources are used and the associated calibration protocols vary from country t

Calibfation of an instrument in terms of activityfor the types of surfaces that are usually

inm

o

S

The d
proce
is add

itoring situations depends on the following considerations:
ixture and ratios of radionuclides-being monitored;
eir types and abundances of emissions;

hture of the surface;

epths and distributigmprofiles within the surface;

bectral attenuationrdependence of the instrument entrance window;

distance between the instrument entrance window and the surface.

erivation.of appropriate calibration factors in terms of activity is therefore a hig
ss which is outside the scope of this International Standard. Appropriate guidance on

ressed in ISO 7503 series[31[6][Z]. However, some estimate of the activity of the calib]

These limits
e equivalent
ction (ICRP),
nternational

d calibration
on monitors.

regulatory documents refer to surface contamination in tetms of activity per unit area, the

irface rather
sorptive and
mple, known

he manner in
o country[4].

encountered

rhly complex
this process
ration source

is required for general radiological safety purposes such as handling, leak testing, shieldin,
and transport. This is a generic issue for all radioactive sources regardless of their intended use and is
not therefore addressed specifically in this International Standard.

p, packaging,

Traceability of calibration sources to International Standards or national standards is established by a
system of reference transfer instruments.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=fe257fa9bb08f075643644c3a2522d1b



https://standardsiso.com/api/?name=fe257fa9bb08f075643644c3a2522d1b

INTE

RNATIONAL STANDARD

ISO 8769:2016(E)

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

1 S

cope

This International Standard specifies the characteristics of reference sources of radioactive

surfag

proce
monif

NOTE

SOuUrce
a 241/

chara
thate

This
surfa

chara
are tn

2 N
The f

indispensable for its application. For .dated references, only the edition cited applies.

referg

ISO 1
Radio|

1SO/I

IEC6
phend

3 1

For t}

minati
hoton emitters of maximum photon energy not greater than 1,5 MeV. It does not
dures involved in the use of these reference sources for the calibration of surface cc
ors. Such procedures are specified in IEC 60325[8], IEC 62363[2], and other;documen

Since some of the proposed photon sources include filters, the photon.séurces are to h
s of photons of a particular energy range and not as sources of a particular radionuclide
Am source with the recommended filtration does not emit from the-surface the alph
teristic low-energy L X-ray photons associated with the decay of the-nuclide. It is designed
nits photons with an average energy of approximately 60 keV.

International Standard also specifies preferred reference radiations for the c
ce contamination monitors. These reference radiations are realized in the form g

aceable to national standards.

ormative references

bllowing documents, in whole or in\part, are normatively referenced in this docur

nces, the latest edition of the referenced document (including any amendments) app

P749-2, Nuclear energy, nuclear technologies, and radiological protection — Vocabuld
Jogical protection

C 17025, General requirements for the competence of testing and calibration laboraton]

D050-395, International Electrotechnical Vocabulary — Part 395: Nuclear instrumenta
mena, basic ¢oncepts, instruments, systems, equipment and detectors

erms and definitions

n of surface

eta-emitters,

describe the
ntamination
[S.

e regarded as
For example,
h particles or
to be a source

hlibration of
f adequately

cterized large area sources specified, without exception, in terms of surface emission rates which

nent and are
For undated
ies.

ry — Part 2:
ies

tion: Physical

eé-purposes of this document, the terms and definitions given in ISO 12749-2, IEC 60

D50-395, and

the fo

3.1
surfa

lowing apply.

ce emission rate

<of a source> number of particles or photons of a given type above a given energy emerging from the
face of the source or its window per time in a mass-free environment

3.2
face

<of a source> vertical projection of the nominal active area onto the front surface of the source

Note 1 to entry: See Figure 1.
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filter
backing
face

B oW N R

016(E)

[UnN

nominal 3

3.3
saturation 1
<of a source

maximum range of the specified particulate radiation

3.4

instrument
ratio betwee
emission ratg

Note 1 to entr]
of the source,

3.5
self-absorpt
<of a sources:

3.6
uncertainty
standard un

Note 1 to entr

CLIvE dI'Td

Figure 1 — Cross-sectional drawing of a standard source with its filter

hyer thickness
tonstructed of a homogeneous radioactive material> thickness of the medium equal

efficiency

e of the source (particles emitted per time) in a specified geometry relative to a sourcg
: The instrument efficiency depends on the energy 6fthe radiation emitted by the source, th

hnd the area of the detector entrance window.

ion
absorption of radiation which occurs within the material of the source itself

ertainty (k = 1) unless otherwise stated

: The treatment of undertainties is in accordance with the ISO/IEC Guide 98-3[10] to the Expr

to the

h the instrument net reading (counts per time after background subtraction) and the sqirface

€ area

ession

br the

of Uncertainty in Measurement.

3.7

uniformity

<of a surfacq in resp€ect'of a given property> indication of the lack variation of that property ov
surface

4 Traceability-ef reference-soureces

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
through a clearly defined traceability chain using reference sources and reference transfer instruments.

Reference so

urces shall be of the following two types:

emission rate at a national or international metrology institute.

Class 1: reference sources that have been calibrated directly in terms of activity and surface

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.

© ISO 2016 - All rights reserved
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National metrology institutes shall, at their discretion, provide the means whereby Class 1 reference
sources of a specified range of radionuclides may be certified by them. For those countries which are
signatories to the Mutual Recognition Arrangement (MRA)[11], a certificate of calibration from another
participating institute in a second country is recognized as valid in the first country for the quantities,
ranges, and measurement uncertainties specified in Appendix C of Reference [11].

The activity and surface emission rate of Class 1 reference sources shall be measured, using, for example,
a windowless gas-flow proportional detector, or by using an instrument that has been calibrated using
sources that have been measured absolutely. Calibration procedures for activity determination are
discussed for example, in References [12],[13],[14] and [15].

r monitoring

sources. The
he field; they
operating.

radiofctive surface contamination need to have access to suitable Class 1 or Class 2 refereriee
purpgse of a working source is to check the calibration of surface contamination monitors'in 1
are ngt to be confused with check sources which are only intended to verify that a monjtor is

ronfirmation
b a reference
Ate against a

Organizations with a requirement to provide working standard sources for the’routine
of thq calibration of their surface contamination monitoring instruments require access t
transfer instrument with which to calibrate such sources in terms of surface emission r|

Class
geom
calibr
sourc

1 or Class 2 reference source. Where the working source is used either in a jig or unde
etry, the reference transfer instrument on which its emission(sate is measured sha
ated using a reference source under identical conditions andigeometry; alternatively|
e shall be removable from the jig so that it can be measured in the usual way. Whe

ra particular
1l have been
the working
e only a few

ence sources
t for working

ors need calibration or a high degree of accuracy is required, Class 1 or Class 2 refer
e used as working sources; in such cases, the frequenncy of re-calibration shall be tha
es. National regulations may require more frequent,calibrations.

monift
may k
sourc

5 Specification of standard sources

5.1 |General

Refer
a)

bnce standard sources may be of the following kinds.

Spurces comprising an electrically conducting backing material with a given |radionuclide
ermanently deposited upon.or incorporated into one side only; the thickness of the backing material

hall be sufficient to preyvent emission of the particulate radiation through the back of the source.

w'o

tributed and
ite radiation.
taken as the
kness.

b) Spurces comprising.a-ayer of material within which the radionuclide is uniformly dis
the thickness of which is at least equal to the saturation layer thickness of the particul
Fpr the purpéses of this International Standard, the activity of the source shall be
a

ctivity contained within a surface layer of thickness equal to the saturation layer thig

Photag

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

To measure the surface emission rate directly, a threshold corresponding to a minimum ¢nergy needs
to be set. For beta counting, it shall be set to correspond to a photon energy of 590 eV (0,1 times the
energy of the Xg-radiation of Mn following the decay of 55Fe). For alpha counting, the threshold should
be set just above the electronic noise of the system. For photon counting, the threshold shall be set to
comprise the photon peak and the whole Compton continuum.

With alpha-emitters and low-energy beta-emitters, self-absorption can be far from negligible. This
leads to a degradation of the emission spectrum and might affect measurements with windowed
transfer instruments.

Reference standard sources shall be fit for purpose and it shall be the responsibility of the manufacturer
to determine and report the radioactive impurities to the extent necessary to ensure that the use of the
source is not compromised by emissions from any impurity. As a minimum, all radioactive impurities
with an activity of at least 1 % of the activity of the principal radionuclide shall be determined and
reported. For those sources which might contain radioactive impurities, users should take due account

© ISO 2016 - All rights reserved
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that the relative level of the impurity changes with time and could produce a significant effect on the
emission rate of the source.

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

Approximate
mean photon . . Half-life Filter . .
energya Radionuclide in days materialb Filter thickness
in keV
59 55Fe 1,00 x 103 none
. . T
16 238py 3,20 x 104 zirconium U 9
32,5 mg-cmi=
129 9 .. 0,3 mm
32 I 5,88 x 10 aluminium 2
81l mg:cm
inl 25 mm
60 241Am 1,58 x 105 stainless 9,25 mm
steel 200 mg-cm
stainless 0,25 mm
124 57Co 272 9
steel 200 mg-cm
int 1 mm
660 137Cs 1,10 x 104 Stalgless S
steel 800 mg-cm
.. 0,3 mm
1250 60Co 1,93 x 103 aluminium 7
81 mg-cm
NOTE 1 Thesq are sources of photons of a particular energy range and et sources of a particular radionuclide.
NOTE 2 In magst cases, 60Co emits two coincident photons with angangular correlation between them. Great care shall be
taken when trgnsferring the calibration to other energies or nuclides.
a  The approkimate mean photon energy is equal to (}n; *EgJ/Y.n; where n; is the number of photons emitted frgm the
source with enfergy Ej.
b For this Infernational Standard, stainless steel isthat'which has the composition 72 % Fe, 18 % Cr, 10 % Ni.

5.2 Class [l reference sources

5.2.1 Geng¢ral requirements

In order to domply with the‘requirements specified in this International Standard, Class 1 refdrence
sources shall be plane sources comprising an electrically conducting backing material with radioactive
material depgosited upon-or incorporated into one side in such a manner as to minimize source¢ self-
absorption ahd to mdintain electrical conductivity across the whole of the face of the source. The active
area shall bg at least 104 mm?2; recommended sizes are 100 mm x 100 mm, 100 mm x 150 mnp, and
150 mm x 2(0_rfim.

A Class 1 reference source is intended to approximate as closely as practicably possible an ideal “thin”
source (see [EC 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. 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/106Rh sources where the thickness would need to be increased to 4,6 mm).
The thickness 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.

4 © IS0 2016 - All rights reserved
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A photon-emitting source shall include the filtration specified in Table 1. The filter should normally be
an integral part of the source, it should not be removable. Their purpose is described in Annex A. The
area of the filter should be such that it extends for at least 10 mm beyond the active area of the source.
The thickness of the filter shall be within 10 % of the specified value in Table 1.

Sources shall be accompanied by a calibration certificate giving the following information:
a) radionuclide;
NOTE Half-life values and other current nuclear data values are provided by Reference [16].

b) source identification number;

c) sphrface emission rate and its uncertainty;

d) aftivity and its uncertainty;

&
]

eference date [shall be identical for ¢) and d)];

[
—
QO

Ctive area: its location and size;
g) npture, thickness, density, and dimensions of substrate;

h) npture, thickness, density, and dimensions of filter (if any);

R
c

hiformity and uncertainty (table of relative emissiofy rates of all individual portjons relating
plosition and emission rate);

j) class of source.

Manuffacturers may decide to give further information of help to the user such as the deptH of the active
layer.|Markings on the source itself shall indicate‘the radionuclide and the source identificgtion number.

5.2.2| Activity and surface emission rate

The {ctivity of a Class 1 reference-source of the preferred size should be such as to glve a surface
emisdion rate from about 2 000 s={*to 10 000 s-1 in order to optimize between background, statistical
uncerftainty, and dead-time error. The activity shall be stated with a relative undertainty not
excee(ding 10 %. The surface emission rate shall be measured by the national metrology institute with a
relatiye uncertainty not exceeding the following:

a) 3|% for alpha souices;

b) 3|% for betaisources with an end-point energy greater than 150 keV;

c) 5(% for beta sources with an end-point energy less than 150 keV;
1

d)

D %, for photon sources.

Class 1 reference sources should be re-calibrated in terms of activity, surface emission rate, and
uniformity at a frequency of not less than once every four years.

NOTE1 The frequency of recalibration of a reference source might be different from country to country,
depending on national regulations.

NOTE 2  Overall source activity has to be related to the source size when the sources are used to calibrate

different sized detectors. The source might need sufficient activity/cm2 to accommodate detectors with a
working area of 6,4 cm2 but not so much activity as to overload a detector with a working area of 200 cm?Z.

5.2.3 Uniformity

The uniformity of a source shall be expressed in terms of the standard deviation of the surface emission
rates of the individual portions of the whole source divided by the mean value of these emission rates.

© IS0 2016 - All rights reserved 5
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The uniformity of a Class 1 reference source minus its relative standard uncertainty shall be greater
than 90 %. For the purpose of specifying the uniformity of a source with respect to surface emission
rate per area, the source shall be considered as comprising a number of portions of equal area and
shape. For rectangular sources, the shape of the portions shall be identical to the shape of the active
area of the source.

The area of the portions shall be 10 cm? or less. For the recommended sizes (see 5.2.1), a reference
source active area of 10 cm x 10 cm shall be divided into 16 quadratic portions and a source of
10 cm x 15 cm shall be divided into 16 rectangular portions.

The individual emission rates shall be determined with a relative uncertainty that shall be consistent

with that specified for the whole source in 5.2.2 and 5.3.2. These uncertainties shall be take

n into

account wheh calculating the experimental standard deviation to determine the uniformity restit

an uncertai

Uniformity

systems, or b
have an aper
plate technig
due to possih
techniques, ¢
efficiency ac

In those situ
avoid the red
manner, the

5.2.4 Radionuclides

Class 1 refet
Table 2, and

y for the uniformity itself (see Reference [12]).

ay be measured by using the image plate technique, position sensitive_measursg
y inserting a masking plate between the source and the detector. The masking devicg
ture of appropriate size and provide sufficient shielding of the detector For the m3
ue, care should be taken to always use the same portion of the detector to minimize ¢
le non-uniformity of response to radiation across the surface of the-detector. For the
are should be taken to minimize effects due to possible non-uniformity of the detd
oss the whole detector.

uirement to have a detailed knowledge of the uniformijty by characterizing, in an in
bmission rate from that part of the source that is exposed to the detector window.

Table 3. The decay data given in these tables are for indicative information only, th¢

used for calilprations and calibration certificates@hall be taken from Reference [16].

Table 2 and 1]

[able 3 have “preferred” and “possible alternative” categories. The preferred radionu

are chosen
to cover the
alternatives
short half-liv
an infinitely
providing su

or their general availability; suitably long half-lives, high specific activity, and 4§
normal range of energies encountered in typical monitoring situations. The po

es; due to their low,specific activity which makes it difficult to provide sufficient actiy

thin active layer;-because they emit additional unwanted radiation; due to the difficy
fficient radioactive purities.

Table 2 — Radionuclides for alpha-emitting sources

ing in

bment

shall
sking
ffects
other
pction

htions where the detector window area is less than the active source area, it is possible to

Fegral

ence sources should be prepared, if ppssible, from any of the radionuclides in Table 1,

b data

clides
bility
ssible

may suffer from concerns’such as the need to replace them regularly due to their relatively

ity in
Ity in

Radionl1clide l-ilsl;-al}i]fse Maxinilllllkmesnergy Comments
Preferred
241Am 1,58 x 105 5544 —
230Th 2,75 x 107 4 688 —
Possible alternatives
238py 3,20 x 104 5499 —
6 © IS0 2016 - All rights reserved
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Table 3 — Radionuclides for beta-emitting sources

Radionuclide Half-life Maxin_lum energy Comments
in days in keV
Preferred
Depending on the nature of the
manufacturing process, it might
be necessary to re-calibrate more
14 6
c 2,08 x 10 156 frequently because of possible
isotopic exchange with C in at-
mosphere
99Tc 7,72 x 107 294 —
36ClI 1,10 x 108 710 -
If only the-higher-g¢nergy betas
from 20Y are requirled, a filter of
905y 90y 1,05 x 104(°0Sr) 546 (°0Sr) 130~mg-cm-2 is nedded but this
2,67 (90Y) 2 280 (90Y) results in significant spectral
degradation of the P0Y emission
spectrum.
372 (106Ru) 39 (106Ru) . .
106R{i/106Rh Relatively short half-life.
0,000 35 (106Rh) 3546 (106Rh)
Possible alternatives
147Pm 958 224 Relatively short half-life.
Approximately 3 % pf decays are
by electron captureland produce
204 3
Tl 1,38 x 10 764 X-ray emissions of about 70 keV
to 90 keV.
Not a pure beta-emiitter.
60Co 1,93 x103 317 Emits photons at 1,[173 MeV and
1,332 MeV.
Depending on the nature of the
manufacturing prodess, it may be
3 3 necessary to re-calibrate more
H 4,50 x 10 19 frequently becausé¢ of possible
isotopic exchange with H in the
atmosphere.
63Ni 3,61 x 104 67 —
NOTE|[1/-Most commonly used monitoring instruments cannot detect 3H or 63Ni, with a useful efficiency. Monitoring for
these tadionuclides normally requires Qpprinli#-d detectors and these radionuclides are not normallv inclhitded in routine

calibrations.

NOTE 2 Many calibration laboratories just use a sub-set of beta-emitting sources which cover the useful energy range that
is being monitored for. Typically, the subset comprises 14C, 36Cl and 90Sr/90Y.

5.3 C(Class 2 reference sources

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.

© IS0 2016 - All rights reserved 7
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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 depends 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) and shall be stated with a relative uncertainty not exceeding 10 %. The surface
emission rate shall be determined by means of a reference transfer instrument (see Clause 6) with a
relative uncertainty not exceeding the following:

a) 5 % for alpha-sources;

b) 5 % for beta-sources with an end-point energy greater than 150 keV;

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

d) 15 % forlphoton sources.

Class 2 reference sources shall be re-calibrated in terms of activity, surface egmission ratd, and

uniformity af a frequency of not less than once every four years (see notes 1 and 27in5.2.2).

NOTE1 The frequency of recalibration of a reference source might be different\from country to cduntry,

depending on|national regulations.

NOTE 2  Ovgrall source activity has to be related to the source size when, the sources are used to calibrate

different sizef detectors. The source might need sufficient activity/cm?<{to accommodate detectors yith a

working area pf 6,4 cm2 but not so much activity as to overload a detectorwith a working area of 200 cm?.

5.3.3 Unifprmity

The unifornpity of a Class 2 reference source minusZits relative standard uncertainty shall be

greater thar] 90 %.

5.3.4 Radjonuclides

Class 2 refergnce sources shall be prepared-from among the same radionuclides as provided for Class 1

reference sofyirces in accordance with 5.2.4:

5.4 Working sources

5.4.1 Geng¢ral requirements

The detailed| requirements specified for working sources shall be the responsibility of the user| Such

sources may joften beimanufactured in-house and due recognition shall be given to any relevant nafional

regulations. [n specifying working sources, the following points need to be considered.

a) Working Seurces shall be provided in a quantity and variety of sizes to meet the needs of the
organization In respect of the routine calibration of 1ts surface contamination monitors.

b) Working sources shall be marked with the surface emission rate at a reference date, the
radionuclide and the serial number, and shall be accompanied by a note detailing the geometry for
which they have been calibrated and hence should be used. Where the size of the source minimizes
the space available for marking, the source shall bear a unique identifier and shall be accompanied
by a calibration certificate which also contains the unique identifier together with details of the
radionuclide, surface emission rate, and reference date.

c) Working sources shall be sufficiently robust to withstand day-to-day handling.

d) In the absence of conflicting requirements, working sources shall comply, as far as possible, with
the requirements specified for reference sources in 5.3.
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5.4.2 Activity and surface emission rate

The surface emission rate of a working source should be as agreed upon 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 a working source needs 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.

5.4.3 —Yniformity

The yiniformity of a working source should preferably be the same as specified for a Class 2
referg¢nce source.

5.4.4] Radionuclides

Workjng sources shall be prepared from such alpha-emitting, beta-émitting, and phdton-emitting
radiohuclides as might be required by the user.

6 Reference transfer instruments

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

A refdrence transfer instrument for alpha-radiation and beta-radiation shall have instrum¢nt efficiency
greater than 35 % over the range of energies coyered by this International Standard. It[should be of
such gize that the variation in spatial response-over a measurement area of 100 mm x 150 mm may be
ignored. The recommended type of reference'transfer instrument for alpha-emitters and heta-emitters
is a large-area, windowless, gas-flow propertional counter, together with a regulated gas qupply.

6.2 |Reference transfer instrument for photon sources

It is unlikely that a single referlence transfer instrument would cover the full range of phaton energies
propadsed in this International Standard. The instrument used for a particular energy shquld have the
following characteristics:

a) h[:gh detection effiCiency;
b) upiformity effesponse over its surface;
c) sfability;

d) lewbackground noise.

Large-area proportional counters with appropriate gas filling are suitable for the measurement of the
lower-energy photon emitters. Scintillation detectors such as Nal(T1) are suitable for the higher-energy
photon emitters.

6.3 Calibration

A reference transfer instrument shall be calibrated both initially and at regular time 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 or if less
frequently, calibrate before any use as a reference transfer standard. 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
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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 Class 2 reference sources.
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Annex A
(informative)

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

Radidnuclides decaying by electron capture and by isomeric transitions can emit a\@jide range of
differfent types of radiation including internal conversion electrons and Auger eléctrons, as well as
characteristic X-radiation (e.g. from K, L, M ... atomic shells) and gamma radiations For these mostly
low-epergy and hence less penetrating types of radiation, the relationship, between emission rate
and activity is very dependent on the source construction (or nature of contaminated syirface). Also,
the emitted electron spectra might suffer substantial energy degradatiofitand hence, digtortion. This
presents difficulties when such sources are used to transfer calibratiorfsfrom one detectpr to another
when|the two detectors have different windows. These effects shouldnot be ignored.

The yse of filters on photon-emitting sources leads to a degree ‘of angular collimation whereby the
number of photons emitted normally to the surface is greatér“than that emitted at oblique angles.
Thus,| the polar emission distribution from the reference seurce may differ from that ¢mitted by a
contaminated surface. For similar reasons, the emissions from a contaminated surface may themselves
be anjsotropic.

The v
radia
emisgions, produces secondary electron emission from the attenuation process. Such r3
general of low energy and of low probability. However, its possible presence should be con

se of filters is required, partly, to remove-untwanted emissions such as alpha-raq
ion, or electron-radiation. It should be noted that the filter, which also attenuate

iation, beta-
5 the photon
idiation is in
bidered.

Referpnce sources that emit significant numbers of electrons, as well as photons, wopld have the
following disadvantages:

a) dﬁtermination of their emission rates would require the measurement of both ¢lectron and

photon radiation;

b) emission rate and\énergy distribution of the lower-energy electron radiation wquld be very

ependent on the type of source construction;

c) iffsources emitboth types of radiation, but only the photon emission is determined, thgn, for a given
nuclide, the calibration factor obtained for a contamination monitor that responds to both types of
radiation.-would require the knowledge of its response to both photon and electron ragliation;

o @

d) iflseurces as under c) were to be used for the calibration of thin-windowed contaminatiion monitors
that detect low energy electrons, the derived calibration factor could be very dependent on the
energy distribution resulting from the particular source construction and upon the distance

between the contaminated 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
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