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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.

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

The main task andards
adopted by the technical committees are circulated to the member bodies for voting. Publication/jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be thetsubject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 2919 wgs prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologie$, and
radiological pfotection, Subcommittee SC 2, Radiological protection.

This third editlon cancels and replaces the second edition (ISO 2919:1999), whigch has been technically rgvised.
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Introduction

Safety is the prime consideration when establishing standards about the use of sealed radioactive sources.
Sealed-source users have established an enviable record of safe usage as a result of careful scrutiny of the
conditions of application of the sealed radioactive source by the regulating authority, the supplier and the
user. However, as the application of sealed radioactive sources becomes more diversified and as regulating
agencies become more numerous, an International Standard is needed to specify the characteristics of a
sealed radioactive source and the essential performance and safety testing methods for a particular application
and, thus, maintain the record of safe usage.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 2919:2012(E)

Radiological protection — Sealed radioactive sources —
General requirements and classification

1 Scope

This International Standard establishes a classification system for sealed radioactive sources that is based
on test performance and specifies general requirements, performance tests, production tests, marking and

certifi
safety
applic|
ionizin

cation. It provides a set of tests by which manufacturers of sealed radioactive sources can evaluate the

of their products in use and users of such sources can select types which are suitable.fg
ation, especially where protection against the release of radioactive material, with consgque
gradiation, is concerned. This International Standard can also serve as guidance toyregulati

The tgsts fall into several groups, including, for example, exposure to abnormally high and low

and a
or fail

NOTE

Althol

variety of mechanical tests. Each test can be applied in several degrees 6f severity. The cr
depends on leakage of the contents of the sealed radioactive source:

Leakage test methods are given in ISO 9978.

gh this International Standard classifies sealed sources by a‘variety of tests, it does nd

sealed source will maintain its integrity if used continuously at thie rated classification. For exa

sourc

A list

applid
the br|

This |
or the|

e tested for 1 h at 600 °C might, or might not, maintain its integrity if used continuously at

r the required
Nt exposure to
ng authorities.

temperatures
terion of pass

t imply that a
ple, a sealed
00 °C.

bf the main typical applications of sealed radioactive sources, with a suggested test sche
ation, is given in Table 3. The tests constitute minimum requirements corresponding to the
badest sense. Factors to be considered for applications in especially severe conditions ar

nternational Standard makes no attempt to classify the design of sources, their method o
r calibration in terms of the radiation@&mitted. Radioactive materials inside a nuclear rea

sealed sources and fuel elements, are not,covered by this International Standard.

2

The

ormative references

llowing referenced _dotuments are indispensable for the application of this docume

referepces, only the edition’cited applies. For undated references, the latest edition of the referen

(inclu
ISO 3
ISO 9

ing any amendments) applies.
61, Basic ionjzing radiation symbol

D78:1992; Radliation protection — Sealed radioactive sources — Leakage test methods

dule for each
pplications in
listed in 4.2.

f construction
ctor, including

ht. For dated
ced document

3 T

X | definiti

For the purposes of this document, the following terms and definitions apply.

341

capsule
protective envelope used to prevent leakage of radioactive material

3.2

device

any pi

ece of equipment designated to utilize one or several sealed sources
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3.3

dummy sealed source

facsimile of a sealed source, the capsule of which has the same construction and is made of exactly the same
materials as those of the sealed source it represents, but containing, in place of the radioactive material, a
substance resembling it as closely as is practical in physical and chemical properties

34
leachable
soluble in water, yielding quantities greater than 0,1 mg/g in 100 ml of still water maintained at 50 °C for 4 h

3.5
leakage
transfer of coptained radioactive material from the sealed source to the environment

3.6
leaktight
having met the limiting values given in Table 1 of ISO 9978:1992 after leakage testing

3.7
model desighation
manufacturer|s unique term (number, code or a combination of these) which is used.to identify a specific gesign
of sealed soufce

3.8
non-leachabje
insoluble in water, yielding quantities less than 0,1 mg/g in 100 ml of stilf water maintained at 50 °C for 4 h

3.9
prototype sealed source
original of a sealed source which serves as a pattern for the thanufacture of all sealed sources identified py the
same model dlesignation

3.10
sealed sourde
radioactive mpterial sealed in a capsule or associated with a material to which it is closely bonded, this capsule
or bonding material being strong enough_te-maintain leaktightness of the sealed source under the condgitions
of use and wear for which it was designed

3.1

test source
sample used jn the performance‘tests described in this International Standard, having the same materipl and
construction as sealed soufées of the model for which classification is being established

NOTE A test sourcenmay be a dummy sealed source, prototype or production source.

3.12
source assembly
sealed source contained within or attached o a source holder

313
source holder
mechanical device capable of retaining the sealed source

3.14

source in device

sealed source which remains within the shielded equipment during exposure, thus providing some mechanical
protection during use

315
unprotected source
sealed source which, for use, is removed from the shielding

2 © 1S0 2012 — All rights reserved
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4.1
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esignation and classification

Designation

The classification of the sealed source type shall be designated by the code I1SO/, followed by two digits to
indicate the year of approval of the standard used to determine the classification, followed by a solidus (/),
followed by a letter, followed by five digits and a set of parentheses containing one or more digits.

The letter shall be either C or E:

— C indicates that the activity of the sealed source does not exceed the level specified in Table 2;

— H

The fi
impag

If requ
passe
needl
descr

The p
EXAM

— a
“

|
)

|
o

4.2

The c
numb

considler the effects of fire, explosion and corrosion.

In the
COrros
the ne

a) ¢

b) q

indicates that the activity of the sealed source exceeds the level specified in Table 2.

e digits shall be the class numbers which describe the performances for temperature;-exte|
t, vibration and puncture respectively, in the order shown in Table 1.

d. Bending tests required for sources that have a particular shape (long slénder sources,
bs) are listed in Table 1 and specific requirements are given in 7.7. Multiple tests may be p
bed to satisfy the test criteria.

brentheses may be omitted if no bending test is required.
PLES

typical industrial radiography source design for unprotegted use would be designated “ISO/11
50/11/C435157;

typical brachytherapy source design would be desigfated “ISO/11/C53211(8)”;

typical irradiator source design would be designated “ISO/11/E53424(4,7)".

Classification

assification levels are given indable 1. Table 1 provides a list of environmental test conditi
brs arranged in increasingsorder of severity. The performance requirements given in T.

r evaluation of sealed.seurces, the manufacturer and user shall consider the probability of fi
ion, etc. and the possible results from such events. Factors which should be considered whe
ed for special teésting are as follows:

bnsequenees of loss of activity;

Liantity,of radioactive material contained in the sealed source;

c) radionhuclide group;

rnal pressure,

ired, a number is inserted between the parentheses describing the type offbénding test tn:e source has

rachytherapy
erformed and

/C43515(1) or

bns with class
hble 3 do not

re, explosion,
n determining

d) chemical and physical form of the radioactive material,

e) environment in which the source is stored, moved and used;

f)  protection afforded to the sealed source or source-device combination.

Annex C contains some general information on adverse environmental conditions. The user and manufacturer
should decide jointly on the additional tests, if any, to which the sealed source shall be subjected.

Annex D contains examples of special tests.

© 1SO 2012 — All rights reserved
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Table 1 — Classification of sealed-source performance

Class
Test
1 2 3 4 5 6 7 8 X
Temperature | No test | —40 °C -40°C -40°C -40°C -40°C Not used Not used Special
(20 min) (20 min) (20 min) (20 min) (20 min) test
+80 °C +180 °C +400 °C +600 °C +800 °C
(1h) (1h) (1 h)and (1 h) and (1 h) and
thermal thermal thermal
shock to shock to shock to
20 °C 20 °C 20 °C
External No test | 25 kPa 25 kPa 25 kPa 25 kPa 25 kPa Not used Not used Special
pressure absolute to | absolute absolute absolute absolute tdst
atmos- to 2 MPa to 7 MPa to70 MPa | to 170 MPa
pheric absolute absolute absolute absolute
Impact No test | 50 g from 200 g from | 2 kg from 5 kg from 20 kg from | Not used Notwsed Special
1mor 1mor 1mor 1mor 1mor tgst
equivalent | equivalent equivalent | equivalent | equivalent
imparted imparted imparted imparted imparted
energy energy energy energy energy
Vibration No test | 3 times 3 times 3 times Not used Not used Not used Not used Special
10 min 10 min 30 min tgst
25 Hz to 25 Hz to 25 Hz to
500 Hz at 50 Hz at 80 Hz at
49 m/s2 49 m/s2 1,5 mm
5g)2 (5g)2and peak to
50 Hz to peak and
90 Hz at 80 Hz to
0,635 mm 2 000 Hz
peak to at 196 m/s2
peak and (20 g)2
90 Hz to
500 Hz at
98 m/s?
(10g)°®
Puncture No test | 1 g from 10 g from 50 @ from 300 g from | 1 kg from Not used Not used Special
Tmor Tmor 1sm or Tmor Tmor tgst
equivalent | equivalent equivalent | equivalent | equivalent
imparted imparted imparted imparted imparted
energy energy energy energy energy
Bending No test | Test 7.7.1 Test A7:1 Test 7.7.1 Test 7.7.1 Test 7.7.1 Test 7.7.2 for | Test 7.7.3 | Sppecial
100 N 500N 1000 N 2000 N 4 000N L>100 mm | for brachy- | tgst
(10,2 kg) (87 kg) for (102 kg) for | (204 kg) for | (408 kg) for | and for therapy
for LID >15,4“LID > 15 LID > 15 LID > 15 LID > 15 L/ID>10 needle
with
L>30mm
a 19=9,8m/§2.
4.3 Determirration-of-classification

The classification of each sealed source type shall be determined by one of the following methods:

subjecting two test sources of that model to each test in Table 1, as described in Clause 7;

engineering analysis which demonstrates that the sealed-source model would pass the tests of Clause 7
if these tests were performed.

5 Activity level requirements

The specified activity of sealed sources, below which a separate evaluation of the specific usage and design is
not required, is given in Table 2 for each of the four radionuclide groups defined in Annex A.

4 © 1S0 2012 — All rights reserved
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Sealed sources containing more than the specified activity shall be subject to further evaluation of the specific
usage and design. For classification purposes, the activity level of a sealed source according to Table 2 shall
be considered at its time of manufacture.

Except if required, evaluation of the specific usage and design of the sealed source shall be considered only
when the activity of the principal radionuclide exceeds the value shown in Table 2. If the activity exceeds this
value, the specifications of the sealed sources shall be considered on an individual basis.

Table 2 — Specified activity according to radionuclide group

Radionuclide group

Specified activity

6 P

6.1

All se
be do

All se
accor

Wherg¢ feasible, the radiation output shall bevestablished after manufacture. For some sources

be po
conte

The c
outpu

Test &
for the

A cer
Claus|

Each

(fTONT ANMEX A)

TBO(Cl)

Leachable Non-leachable

A 0,01 (0,3) 01 (3)

B1 1,11 (30) 11,1 (300)

B2 11,1 (300) 111 (3 000)

C 18,5 (500) 185)(5 000)

erformance requirements

General requirements

hled sources shall be tested after manufacture to ensure freedom from surface contaminat
ne in accordance with one of the tests specified in 5.3 of ISO 9978:1992.

bled sources shall be tested after manufacturéZto ensure freedom from leakage. This sh
Hance with one or more of the methods specified in ISO 9978.

5sible and a relative measurement-against an agreed reference standard, or a statement
ht, may be substituted (e.g. beta emitters may be measured by ion current output or other

bntent activity of all sealed gources shall be estimated. This can be done from the result o
measurement or from radioactive assay of the batch of material used in manufacture.

ealed sources shall e subjected, as specified herein, to the tests described in Clause 7. A
sealed-source model shall be given in accordance with Clause 4.

lificate contadining the results of tests on each sealed source shall be provided in acq
b 0.

Sealed>source shall be marked in accordance with Clause 8.

on. This shall

all be done in

this may not
of radioactive
methods).

f the radiation

classification

ordance with

the case of a

The s|

paled-source capsule shall be physically and chemically compatible with its contents. In

sealed source produced by direct irradiation, the capsule shall not contain significant quantities of radioactive
material unless that material is adequately bonded into the capsule material and radioactive test methods in
accordance with ISO 9978 show that the sealed source is leak-free.

The tracer in a test source shall be soluble in a solvent which does not attack the capsule and shall be safe to
use at maximum activity in a test environment (e.g. approximately 1 MBq 137Cs).

6.2

Requirements for typical usage

A list of some typical applications in which a sealed source, source assembly or source in device is used,
together with minimum performance requirements, is defined in Table 3.

One or more of the bending tests specified in 7.7 may also be required.

© 1SO 2012 — All rights reserved
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For test sources where the ratio of active length (L) to minimum outer capsule diameter (D) is equal to or greater
than 15 (i.e. L/D > 15), the bending tests required are those described in 7.7.1. For example, for sealed sources used
in category | irradiators, class 4 is required; for those used in categories Il, lll and IV irradiators, class 5 is required.

For test sources where the ratio of active length (L) to minimum outer capsule diameter (D) is 10 or greater (i.e.
L/ID > 10) and an active length equal to or greater than 100 mm (i.e. L > 100 mm), the bending test required is
that described in 7.7.2 and is class 7.

For sealed sources in the form of brachytherapy needles having an active length (L) of equal to or greater than
30 mm (i.e. L > 30 mm), the bending test required is that described in 7.7.3 and is class 8.

These requirements take into account normal usage and reasonable accidental risks, but do not include
exposure to ffre, explosion or corrosion. For sealed sources normally mounied in devices, con&derafon is

given to the additional protection afforded to the sealed source by the device when the class numbef for a
particular usgge was assigned. Thus, for all usages shown in Table 3, the class numbers specify‘the tests to
which the segled source shall be subjected, except that for the ion generator category. For these, the complete
source assenpbly or source in device may be tested.

The tests spgcified herein do not cover all sealed-source usage situations. If the conditions of a particular
usage or the fonditions relating to potential accidents do not match the classificatioh-specified in Table|3, the
manufacturer|and user shall consider making appropriate tests on an individual basis.

The numbers|shown in Table 3 refer to the class numbers used in Table 1.

6.3 Procedure for establishing classification and performance requirements
6.3.1  Establish the relevant radionuclide group from Annex A.

6.3.2 Determine the specified-activity value in accordance with Table 2.

6.3.3 An evaluation of hazards due to fire, explosion; corrosion, etc. shall be made for all sealed sources.

a) If the sepled-source activity exceeds the ‘allowable level given in Table 2, or if there is a signjficant
probabilify of the source being exposed'o fire, explosion and corrosion, a separate evaluation of the tests
required ghall be made, which shall jhclude source design and specific usage.

b) If the seqled-source activity dees.not exceed the allowable level given in Table 2, and if no signfificant
hazard if identified, the minimum classification required for the sealed source and its application njay be
used (se¢ 6.2).

6.3.4 After the requirediminimum classification of the sealed source for the particular application or usage has
been established, the-pefformance standards required can be obtained directly from Table 1.

6.3.5 Alterrjatively, the sealed-source class can be determined from Table 1 and suitable applications nray be
selected fromlTable-3-

Since Table 1 is arranged in order of increasing severity from class 1 to class 8, sealed sources of an established
classification may be used in any suitable application having the same or less stringent specific performance
requirements.

6.4 Recommended working life (RWL)

6.4.1 The recommended working life (RWL) is the period of time within which the manufacturer expects the
source to meet its stated performance requirements under design conditions of environment and usage.

6.4.2 Atthe end of the RWL, or if the design conditions of use are exceeded, an assessment should be made
to verify its fitness for continued use or the source should be replaced.

6 © 1S0 2012 — All rights reserved
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6.4.3 Exceeding the RWL does not necessarily mean that the source is unfit for use or transport. It means that
an assessment is required to ensure continuing fitness for use.

6.4.4 The assessment should include leakage and/or contamination testing and a review of the design safety
for the source and the application, and the effects of the environment during use.

6.4.5 Anindividual source can have its RWL extended by a qualified body, preferably the manufacturer, based
on inspection and technical assessment.

6.4.6 It is the user’s responsibility to carry out routine inspection and testing, and to maintain the source

conditiers of uca in accardanca with thg maniifactiirar’'s inctriictinng
FeRS-o+HSeHRa660raaihice-WHRtHe-HahdiactdFeSHRSHUGHB RS-

Table 3 — Sealed source classification and performance requirements for typical usage
Sealed source classjdepending ¢n test
Sealed source usage TeTur:zra- Pressure Impact | Vibrat{on | Puncture

Radiopraphy — Industrial Sealed source 4 3 5 1 5
Source to be used in device 4 <1 3 1 3

Medicgl Radiography 3 2 3 1 2
Gamma teletherapy 5 3 5 2 4
Brachytherapyl2l 5 3 2 1 1
Surface applicators P 4 3 3 1 2

Gamnpa gauges Unprotected source 4 3 3 3 3

(medigim and high energy) Source in device 4 3 2 3 2

Beta dauges and sources for low-energy gamma gauges or Xsray 3 3 2 2 2

fluoregcence analysis P

Oil-wdll logging 5 6 5 2 2

Portalple moisture and density gauge (including hard=held or 4 3 3 3 3

dolly-transported)

Genefal neutron source application (excludihg reactor startup) 4 3 3 2 3

Calibrption source activity > 1 MBq 2 2 2 1 2

Gamnpa irradiation sources d Category I P 4 3 3 2 3
Categories I, lll and IV © 5 3 4 2 4

lon ggnerators © Chromatography 3 2 2 1 1
Static eliminators 2 2 2 2 2
Smoke detectors P 3 2 2 2 2

a Manufacturessand users may wish to formulate other or special test procedures which represent normal use and likely accident [conditions.

b Ekcluding\gas-filled sources.

¢ Thelsqurce in device” or the “source assembly” may be tested.

d For this International Standard, gamma irradiators have been divided into four distinct categories: Category I: Self-contained — Dry source
storage, Category Il: Panoramic — Dry source storage, Category Ill: Self-contained — Wet source storage, Category IV: Panoramic — Wet source
storage.

7 Test methods
7.1 General

711 The test procedures given in this clause are acceptable procedures for determining performance
classification numbers. All the criteria stated are minimum requirements. Procedures that can be demonstrated
to be at least equivalent are also acceptable. All tests, except the temperature tests, shall be carried out at
ambient temperature.

© 1S0O 2012 — All rights reserved 7
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7.1.2 Foreach test, at least two test sources of the model type shall be subjected to the test, and all shall pass
as defined in 7.1.5.

7.1.3 The tests shall be performed in the most vulnerable orientation for the test. This should be determined
by engineering analysis. Where more than one orientation is considered to be vulnerable, the tests should be
performed on all vulnerable orientations using at least two test sources.

7.1.4 Different test sources may be used for each of the tests. The tests may be performed in any order and
are not required to be cumulative.

7.1.5 Comphanse—withthetesis chall be determined by the ability of the sealed sourceto—maintain its
leaktightness [after each test has been performed. After each test, the source shall be examined visually|for loss
of integrity ang it shall also pass an appropriate leakage test carried out in accordance with ISO 9978: Whgn the

leakage test i$ performed on a simulated source, the suitability of the chosen method shall be justified.

7.1.6 A soyrce with more than one encapsulation shall be deemed to have passed)a’test if it can be
demonstrated that at least one encapsulation is leaktight after the test.

7.2 Temperature test

7.21 Apparnatus

The heating orl cooling equipment shall have a test zone volume of at leastdive times the volume of the test spe¢imen.

7.2.2 Procedure

Perform all thie tests in air, except for the low-temperature_tests where an atmosphere of carbon dioxid¢ (“dry
ice”) is a permitted alternative.

NOTE Usg of dry ice can result in a temperature lower than the requirement.

Sealed sourges to be subjected to temperatures below ambient shall be cooled to the test temperafure in
less than 45 min.

Sealed sourdes to be subjected to temiperatures above ambient shall be heated in accordance with the
temperature—ime relationship specified in Table 4 or another similar temperature-rise curve.

Table 4 — Temperature—time relationship
for tests at temperatures above ambient

Temperature Maximum time limit
°C min
80 5
180 10
400 25
600 40
800 70

For classes 2 and 3, retain sealed sources at the upper test temperature for at least 1 h, then allow them to cool
slowly to ambient temperature in the furnace or laboratory atmosphere.

For classes 4, 5 and 6, retain sealed sources at the upper test temperature for at least 1 h, then subject them
to a thermal shock by transferring them, within 15 s, to water at ambient temperature (about 20 °C). The water
shall have a flow rate of at least ten times the sealed source volume per minute, or, if the water is stationary, it
shall have a volume of at least twenty times the sealed source volume.

8 © 1S0 2012 — All rights reserved
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7.31

ISO 2

External pressure test

Apparatus

919:2012(E)

The pressure gauge shall be in calibration and should have a pressure range at least 10 % greater than the
test pressure. The vacuum gauge shall be capable of reading pressures at least as low as 20 kPa absolute.
Different test chambers may be used for the low- and high-pressure tests specified in Table 1.

7.3.2

Procedure

Place the sealed source in the chamber and expose it to the test pressure for two periods of 5 min each. Return

the prgssure 10 aimospheric between the periods.

Condlict the low-pressure test in air. Conduct the high-pressure test by a hydraulic method ysin
mediym in contact with the sealed source.

Hydr
block

7.4
7.41

7.4.1.
which
aradi

Thec

itself passing through the point of attachment. The mass of the hammer for each test class is giv

7.41.
it doeg

7.4.2
Choo

For al
on thg
allows

Positi

lic oil should not be used in direct contact with the sealed source because of the possibility
ge of small leaks.

Impact test
Apparatus

| Steel hammer, the upper part of which is equipped Wwith a means of attachment, and th
shall have an external diameter of (25 £ 1) mm and ad{lat striking surface with its outer ed
is of (3,0 £ 0,3) mm.

bntre of gravity of the hammer shall lie on the axis of the circle, which defines the striking suf

P Steel anvil, the mass of which is atieast ten times that of the hammer. It shall be rigidly m
not deflect during impact and shall.have a flat surface, large enough to support the entire s

Procedure

be the mass of the hammer in accordance with the class of test selected, as shown in Tabl
anvil and the-face of the hammer in its position prior to release. Normally, this height is 1
d in Table 1-for equivalent imparted energy.

bn the sealed source so that it offers its most vulnerable area to the hammer.

Drop ]he hammer onto the source.

) water as the

of temporary

b lower part of
je rounded to

face; this axis
en in Table 1.

bunted so that
paled source.

e 1.

drop heights, the-distance of the drop is measured between the top of the sealed source positioned

m, except as

7.5 Vibration test

7.5.1

Use a

7.5.2

Apparatus

vibrating machine capable of performing the tests specified.

Procedure

Fix the source securely to the platform of the vibrating machine so that the source is kept rigidly in contact with
the platform at all times.

For classes 2 and 3, subject the sealed source to three complete test cycles for each condition specified.
Conduct the test by sweeping through all the frequencies in the range at a uniform rate, from the minimum

© 1SO 2012 — All rights reserved
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frequency to the maximum frequency, and return to the minimum frequency after 10 min or longer. Test each
axis of the source as specified below. In addition, continue the test for 30 min at each resonant frequency found.

For class 4, subject the sealed source to three complete test cycles for each condition specified. Conduct the
test by sweeping through all the frequencies in the range at a uniform rate, from the minimum frequency to the
maximum frequency, and return to the minimum frequency after 30 min or longer. Test each axis of the source
as specified below. In addition, continue the test for 30 min at each resonant frequency found.

For the purposes of these tests, a maximum of three axes shall be used. A spherical source has one axis taken
at random. A source with an oval or disc-type cross-section has two axes, one of revolution and one taken at
random in a plane perpendicular to the “symmetrical axis”. Other sources have three axes, taken parallel to the
significant external dimensions.

7.6 Puncture test
7.6.1 Apparnatus

7.6.1.1 Ste¢l hammer, the upper part of which is equipped with a means of attachment) and the lower part of
which bears g rigidly fixed pin. The characteristics of this pin shall be as follows:

a) hardnesg: from 50 to 60 Rockwell C;

b) external {free) height: (6,0 £ 0,2) mm (external to the hammer face);
c) diameter| (3,0 £ 0,1) mm;

d) striking surface: hemispherical.

The centre line of the pin shall be in alignment with the centrelof gravity and with the point of attachment|of the
hammer. The|mass of the hammer and pin depends on thetest class.

7.6.1.2 Harglened steel anvil, rigidly mounted and with a mass at least ten times that of the hammgr. The
contact surfage between the sealed source and\the anvil shall be large enough to prevent deformation pf this
surface when|the puncture test takes placesIf necessary, a cradle may be used to maintain the positign and
point of contagct between the test source and:the anvil.

7.6.2 Procefdure
For the appropriate class, chodse ‘the mass of the hammer and pin in accordance with Table 1.

For all drop hgights, the distance of the drop is measured between the top of the sealed source positiorjed on
the anvil and the pointofithe pin in its position prior to release. Normally, this height is 1 m, except as allowed
in Table 1 for fequivalent’imparted energy.

Position the $ealed source so that it offers its most vulnerable area to the pin. Drop the hammer onto the
sealed sourceé-

If the dimensions and mass of the sealed source concerned do not permit unguided fall, lead the striker to the
puncture point in a smooth vertical tube.

7.7 Bending tests

7.7.1 Bending test for sealed sources with L/D > 15
This bending test shall apply to sealed sources having an L/D of 15 or greater, where L is the active length and

D is the minimum outer capsule diameter or dimension taken perpendicular to the major axis of the sealed
source over its active length.
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Bending test classification is based on the application of a static force, using the following test parameters and
three cylinders, as illustrated in Figure 1. The three cylinders shall not rotate and shall have longitudinal axes
that are parallel to each other. The cylinders shall have smooth surfaces and shall be of sufficient length to
accommodate the full contact surface of the capsule during the test procedure. All cylinders shall be made of
a solid material with a Rockwell C hardness of 50 to 55. Care should be taken not to apply the static force too
suddenly as this will increase the effective force.

The static force shall be applied at the most vulnerable part of the sealed source.
The static force to be applied for each class of bending test is given in Table 1.

For flexible sealed sources, the sealed source shall have passed the bending test if it maintains its integrity
after Heing placed in the test|jig whilst the cenire Tine of the central cylinder passes through the plgne containing
the major axes of the two static support cylinders.

Key

1 static force

2 51y — force cylindep

3 pldne of support Cylinders
4 21y — supportcylinders

5 sepled souree

Figure 1 — Bending test parameters

7.7.2 Bending test for sealed sources with L/D >10 and L > 100 mm

This bending test shall apply to sealed sources having an L/D of 10 or greater and an L of 100 mm or greater,
where L is the active length and D is the minimum outer capsule diameter or dimension taken perpendicular to
the major axis of the sealed source over its active length.

The sealed source shall be rigidly clamped in a horizontal position so that half its length protrudes from the
face of the clamp.

The orientation of the specimen shall be such that the specimen will suffer maximum damage when its free end
is struck by the flat face of a steel hammer. The hammer shall strike the specimen so as to produce an impact
equivalent to that resulting from a free vertical fall of 1,4 kg through 1 m.
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The hammer shall have an external diameter of (25 + 1) mm and a flat striking surface with its outer edge
rounded to a radius of (3,0 £ 0,3) mm.

Sealed sources that pass this bending test shall be class 7.

7.7.3 Bending test for brachytherapy sources
This bending test shall apply to sealed brachytherapy sources having an overall length of 30 mm or greater.[2]

The sealed source shall be placed in a suitable device, such that it can be bent to an angle of at least 90°
over a radius of (3,0 £ 0,1) mm. The test shall be made by placing approximately one-third of the length of the
sealed source_in the device, gripping the protruding portion with a suitable tool (e.q. pliers) and exerting the
force necessary to bend the source over the specified radius to an angle of at least 90°. The sealed, gource
shall then be ptraightened again.

Sealed sources that pass this bending test shall be class 8.

8 Source|marking

Whenever physically possible, the capsule and the source assembly shall be durably and legibly marked with
the following Information given in order of priority:

a) the word[‘radioactive”; where this is not feasible, the symbol for radiodgtivity in accordance with ISQ 361;

b) manufacjurer's name or symbol;

c) serial number;

d) mass nummber and chemical symbol of the radionuclide;
e) for neutrgn sources, the target element.

Marking of th¢ capsule shall be carried out before'the sealed source is tested.

9 Source|certificate

The manufacjurer shall provide a certificate with every sealed source or batch of sealed sources.
The certificatg shall state in each case:

a) name of manufacturer;

b) classificdtion desighated by the code specified in Clause 4;

c) where agplicable; the special form approval certificate number;

d) model ddsignation;

e) serial number;
f)  brief description, including chemical symbol and mass number of the radionuclide;
g) recommended working life;

h) content activity, estimated from an assay of the radioactive material used or from radiation output
measurements and absorption data;

i) radiation output, equivalent assay value according to a reference standard, or statement of content;
j)  method used, result and date of test for freedom from surface contamination;

k) method used, result and date of test for freedom from leakage.
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An example of a certificate for a sealed radioactive source is given in Annex B.

NOTE

— for the capsule: dimensions, material, thickness and method of sealing;

919:2012(E)

In addition, the certificate can include, as appropriate, a detailed description of the source, in particular:

— for active contents: chemical and physical forms, dimensions, mass or volume and details of significant quantities of
radionuclide impurities.

10 Quality assurance

A quality assurance programme should be established according to ISO 9001 or equivalent sta

desig
have

© 18O

ndards for the

:I;, manufacture, testing, inspection and documentation of all sealed sources. Each mand
eveloped a quality assurance programme appropriate to the sources being designed-and’r

facturer shall
nanufactured.

2012 — All rights reserved
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Annex A
(informative)

Classification of radionuclides

The following classification is based on ICRP Publication 5[81. In addition, the nuclides 1251, 67Ga, 87Y and In

have been included.

Information gjven in parentheses refers to the classification recommended by the 84/466[°! and 84/467(10]
Euratom Diregtives, where (2), (3) and (4) indicate classification into groups 2, 3 and 4, respectively."However,
in this International Standard, the grouping (A, B1, B2 or C) given hereafter should be used.

to the

NOTE 1 It i$ accepted that ICRP Publication 5 is obsolete, but the information obtained from it-ahd given harein is
appropriate for|use with this International Standard.
NOTE 2  There are other informative national standards and international guidance décuments applicable
classification df radionuclides and sealed sources!'2ll131114]. These classification systems. aré outside the scope|of this
International Sfandard.
Group A
227p¢ 2420m 231pg 241py 228Th
241Am 243Cm 210pp 242p 230Th
243Am 244Ccm 210pg 223Rg 230
249¢f 245Cm 238py 226Rg 232y
250Cf 246Cm 239py, 228R4 233y
252¢f 237Np 240py, 227Th 234y
Group B1
2287 36Cl(3) 125) 212pp 160Tb(3)
110mAg 56C0(3) 126) 224Rg 127m'|'e(3)
211t 6000(3) 131) 106Ry 129m‘|'e(3)
14033(3) 134Cs 133|(3) 124Sb(3) 234Th(3)
207Bi(3) 13703(3) 114m|n 125Sb(3) 204T|(3)
210Bj 152(13y)Ey 192|r(3) 46SC(3) 170Tm(3)
249Bk 154Ey 54Mn(3) 898r(3) 236Yy
45Ca(3) 181Hf(3) 22Na(3) 90gr Ny
115mcq 124 230pg 182Ta(3) 95Zr(3)
144Ce
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