. ktPER£.NC£
N B S

U.S. DEPARTMENT OF COMMERCE / National Bureau of Standards

NATIONAL BUREAU OF STANDARDS
The National Bureau of Standards1 was established by an act of Congress March 3, 1901.
The Bureau's overall goal is to strengthen and advance the Nation’s science and technology
and facilitate their effective application for public benefit. To this end, the Bureau conducts
research and provides: (1) a basis for the Nation's physical measurement system, (2) scientific
and technological services for industry and government, (3) a technical basis for equity in trade,
and (4) technical services to promote public safety. The Bureau consists of the Institute for
Basic Standards, the Institute for Materials Research, the Institute for Applied Technology,
the Institute for Computer Sciences and Technology, and the Office for Information Programs.
THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United
States of a complete and consistent system of physical measurement; coordinates that system
with measurement systems of other nations; and furnishes essential services leading to accurate
and uniform physical measurements throughout the Nation's scientific community, industry,
and commerce. The Institute consists of the Office of Measurement Services, the Office of
Radiation Measurement and the following Center and divisions:
Applied Mathematics — Electricity — Mechanics — Heat — Optical Physics — Center
for Radiation Research: Nuclear Sciences; Applied Radiation — Laboratory Astrophysics1
— Cryogenics 2 — Electromagnetics2 — Time and Frequency2.
THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to
improved methods of measurement, standards, and data on the properties of well-characterized
materials needed by industry, commerce, educational institutions, and Government; provides
advisory and research services to other Government agencies; and develops, produces, and
distributes standard reference materials. The Institute consists of the Office of Standard
Reference Materials, the Office of Air and Water Measurement, and the following divisions:
Analytical Chemistry — Polymers — Metallurgy — Inorganic Materials — Reactor
Radiation — Physical Chemistry.
THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote
the use of available technology and to facilitate technological innovation in industry and
Government; cooperates with public and private organizations leading to the development of
technological standards (including mandatory safety standards), codes and methods of test;
and provides technical advice and services to Government agencies upon request. The Insti¬
tute consists of the following divisions and Centers:
Standards Application and Analysis — Electronic Technology — Center for Consumer
Product Technology: Product Systems Analysis; Product Engineering — Center for Building
Technology: Structures, Materials, and Life Safety: Building Environment; Technical Evalua¬
tion and Application — Center for Fire Research: Fire Science; Fire Safety Engineering.
THE INSTITUTE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research
and provides technical services designed to aid Government agencies in improving cost effec¬
tiveness in the conduct of their programs through the selection, acquisition, and effective
utilization of automatic data processing equipment; and serves as the principal focus within
the executive branch for the development of Federal standards for automatic data processing
equipment, techniques, and computer languages. The Institute consists of the following
divisions:
Computer Services — Systems and Software — Computer Systems Engineering — Informa¬
tion Technology.
THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and
accessibility of scientific information generated within NBS and other agencies of the Federal
Government; promotes the development of the National Standard Reference Data System and
a system of information analysis centers dealing with the broader aspects of the National
Measurement System; provides appropriate services to ensure that the NBS staff has optimum
accessibility to the scientific information of the world. The Office consists of the following
organizational units:
Office of Standard Reference Data — Office of Information Activities — Office of Technical
Publications — Library — Office of International Relations — Office of International
Standards.
1 Headquarters

and

Laboratories

at

Gaithersburg,

Washington, D.C. 20234.
- Located at Boulder.

Colorado

80302.

Maryland,

unless

otherwise

noted;

mailing

address

SSAiiOJNALi WRMfii&W
X Off STANDARDS
\

LIBRARY

JAN 2 0 1976

; American National Standard N540; Classification of
us\ Radioactive Self-Luminous Light Sources

U'w-t

'

- Hcur\eLOoc> k-

sojj.

lltp.

American National Standards Institute
Subcommittee N43-2

Under the sponsorship of the
National Bureau of Standards
Washington, D.C. 20234

Approved February 21, 1975
American National Standards Institute
New York, N.Y. 10018

ANSI N540-1975

U.S. DEPARTMENT OF COMMERCE, Rogers C. B. Morton, Secretary
James A. Baker, III, Under Secretary
Dr. Betsy Ancker-Johnson, Assistant Secretary for Science and Technology
NATIONAL BUREAU OF STANDARDS, Ernest Ambler, Acting Director
11

>

Issued January 1976

Library of Congress Cataloging in Publication Data
American National Standards Institute. Subcommittee N43-2.
American national standard N540.
(NBS handbook; 116)
“ANSI N540-1975.”
Includes bibliographical references.
Supt. of Docs, no.: C 13.11:116
1. Phosphors—Standards. 2. Radioactive substances—Standards.
I. Title. II. Title: Classification of radioactive self-luminous light
sources. III. Series: United States. National Bureau of Standards.
Handbook: 116.
QC100.U565 no. 116 [QC476.S6] 389'.08s
[539.2] 75-619239

National Bureau of Standards Handbook 116
Nat. Bur. Stand. (U.S.), Handb. 116, 15 pages (Jan 1976)
CODEN: NBSHAP

U.S. GOVERNMENT PRINTING OFFICE
WASHINGTON: 1976
For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington. D.C. 20402
(Order by SD Catalog No. C13.ll: 116). Price $1.10. (Add 25 percent additional for other than U.S. mailing).

American National Standard
An American National Standard implies a consensus of those substantially concerned with its
scope and provisions. An American National Standard is intended as a guide to aid the manu¬
facturer, the consumer, and the general public. The existence of an American National Standard
does not in any respect preclude anyone, whether that person has approved the standard or not,
from manufacturing, marketing, purchasing, or using products, processes, or procedures not con¬
forming to the standard. American National Standards are subject to periodic review and users are
cautioned to obtain the latest editions. Producers of goods made in conformity with an American
National Standard are encouraged to state in their own advertising, promotion material or on tags
or labels, that the goods are produced in conformity with particular American National Standards.
CAUTION NOTICE. This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that action be taken to
reaffirm, revise, or withdraw this standard no later than five (5) years from the date of publication.
Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute, 1430 Broadway, New York, N. Y.
10018

Preface
(This Preface is not a part of American National Standard Classification of Radioactive SelfLuminous Light Sources, N540.)
The radiation from radioactive material is used as a source of energy for activating phosphors
to produce light in self-luminous watches and clocks, instrument dials, aircraft exit markers,
luminous switches, etc. Safety in the design and use of radioactive materials in self-luminous prod¬
ucts continues to be of concern to the industry, regulatory bodies and the general public.
In 1967 a standard for Classification of Sealed Radioactive Sources [l]1 was issued by the USA
Standards Institute Committee N-5.4 in which some performance requirements for self-luminous
devices were given.
Also in 1967 Committee N43 was organized under the sponsorship of the National Bureau of
Standards to replace Sectional Committee Z54. The scope of the new committee is “standards per¬
taining to products and equipment, for nonmedical scientific, industrial, and educational uses, in¬
volving ionizing radiation sources including radioactive materials, accelerators, and x-ray equipment
but excluding nuclear reactors.”
The responsibility to develop standards for self-luminous sources was assigned to Subcommit¬
tee N43-2. This standard is an elaboration and refinement of the N5.4 standard for self-luminous
sources.
Realizing that questions may arise from time to time concerning interpretations of this stan¬
dard, provisions have been made for an Interpretations Committee in order that uniform handling of
questionable cases may be provided. It is recommended that anyone using this standard and
desiring an interpretation of a questionable case communicate with the American National Stan¬
dards Institute.
Suggestions for improvement gained in the use of this standard will be welcome. They should
be sent to the American National Standards Institute, 1430 Broadway, New York, N.Y. 10018.

i

Figures in brackets refer to the references listed in Section 10 of this standard.
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Preface.

American National Standard
Classification of Radioactive Self-Luminous Light Sources

This standard establishes the classification of certain radioactive self-luminous light sour¬
ces according to radionuclide, type of source, activity, and performance requirements. The ob¬
jectives are to establish minimum prototype testing requirements for radioactive selfluminous light sources, to promote uniformity of marking such sources, and to establish mini¬
mum physical performance for such sources. This standard is primarily directed toward
assuring adequate containment of the radioactive material. Testing procedures and classifica¬
tion designations are specified for discoloration, temperature, thermal shock, reduced pres¬
sure, impact, vibration, and immersion. A range of test requirements is presented according
to intended usage and source activity.
Key words: Clasification; designation; containment; light sources; national standard; radia¬
tion source; radioactive; radioluminous products; self-luminous sources; test procedures.

1.

ards referred to in this document, are not in¬
tended to embrace all legitimate meanings of the
terms. They are applicable only to the subject
treated in this standard.
activity—the number of spontaneous nuclear dis¬
integrations occurring in a given quantity of ma¬
terial during a suitably small interval of time di¬
vided by that interval of time. It is commonly ex¬
pressed in curies, (also called disintegration rate)
capsule—a protective envelope used to prevent
leakage of the radioactive material.
container—a general term to designate any enclo¬
sure which surrounds the encapsulated radioac¬
tive material.
device — any piece of equipment designed to uti¬
lize self-luminous light source(s).
distributor— any person or organization supply¬
ing self-luminous light sources.
fixed sources — sources intended for usage at a
specific location(s), designed for environmental
conditions existing at the intended location(s),
and to be used, except for accidental or unavoida¬
ble circumstances, under environmental condi¬
tions for which the source was designed.
leakage — a transfer of radioactive material from
the self-luminous light source to the environ¬
ment.
manufacturer—any person or organization fabri¬
cating a self-luminous light source(s).
mobile sources — sources designed to meet certain
anticipated environmental conditions, not neces¬
sarily intended for usage at any specific location(s), and known to be subject to possible fre¬
quent or severe environmental changes.
model—descriptive term or number to identify a
specific self-luminous light source design.
prototype source — the original of a model of a
source which serves as a pattern for the manufac¬
ture of all sources identified by the same model
designation.

Scope

This standard establishes the classification of
certain radioactive self-luminous light sources ac¬
cording to radionuclide, type of source, activity
and performance requirements. The standard
does not attempt to establish design standards,
but leaves the design features to the judgment of
the supplier and user, provided that the perform¬
ance requirements are met.
Note: Radioactive self-luminous light sources
used in or on timepieces are not covered
by this standard.
The objectives of this standard are to establish
minimum prototype testing requirements for
radioactive self-luminous light sources, to pro¬
mote uniformity of marking such sources, and to
establish minimum physical performance for such
sources.
This standard is primarily directed toward as¬
suring adequate containment of the radioactive
material. Other factors, such as quality control,
external radiation levels, radiotoxicity of the iso¬
tope and its form, and quantity of radioactive ma¬
terial in the source, also will require considera¬
tion in view of the ever present objective of keep¬
ing exposures as low as practicable. Compliance
with this standard does not necessarily satisfy all
requirements for manufacture and use which may
be imposed by governmental regulatory agen¬
cies.

2.

Definitions

The definitions and terms contained in this
standard, or in other American National Stand¬
1

prototype testing —the performance testing of a
new source design before sources of such design
are put into actual use.
quality control—such tests and procedures as are
necessary to establish that the sources comply
with the performance characteristics for that
source design as defined in Table 3 of this stand¬
ard.
self-luminous light source —a source consisting of
a radioactive nuclide(s) firmly incorporated in sol¬
id and/or inactive materials, or sealed in a protec¬
tive envelope strong enough to prevent any leak¬
age of the contained radioactive substances to the
environment under ordinary circumstances of use
and incorporating a phosphor for the purpose of
emitting light. Self-luminous light sources in¬
clude:
dry powder sources in which the activated
phosphor is introduced into a sealed container
without the use of any binding medium,
gaseous sources in which the phosphor is
coated on the inside wall of or on a component
within the container in which the radioactive
nuclide, in gaseous form, is contained,
painted sources in which a radioactive nuclide
is intimately mixed and bound with the phos¬
phor and incorporated into a capsule, and
separable sources in which the radioactive nu¬
clide, bonded to or in a supporting strata, and
the phosphor constitute independent elements
which can be isolated from each other.
shall—where “shall” is used for a provision speci¬
fied herein, that provision is intended to be a re¬
quirement.
should — “should” is used to indicate provisions

Table 1.

which are not required but which are here recom¬
mended as good practice.
source holder—a mechanical support for the selfluminous light source.

3.
3.1

General Conditions
Activity Level (Table 1)

Self-luminous light sources, considered in this
standard, are of four general types: dry powder
sources, gaseous sources, painted sources and
separable sources.
Table 1 establishes the maximum activity of an
individual self-luminous source for classification
of that type of source under this standard. The
radioactive nuclides most commonly used and
those exhibiting potential use in self-luminous
sources are listed.

3.2

Self-luminous Light Source Performance
Tests (Table 2)

Table 2 is a listing of the tests for evaluating
the physical performance of self-luminous sources
under average environmental conditions in which
a self-luminous source, or source-device, will be
used. The tests are based on normal and abnor¬
mal use (typical accidents considered) but do not
include exposure to fire or explosion. The tests
shall be run consecutively, in the order shown in
table 2.

Maximum Activity in Curies of an Individual Self-Luminous Light Source

Radionuclide

Dry Powder

Painted

Tritium H-3.
Carbon C 14.
Chlorine Cl-36.

1
0.06
.006

5
0.3
.03"

Nickel Ni-63.
Krypton Kr-85.
Technetium Tc 99.
Promethium Pm 147.
Thallium Tl-204.
Lead Pb-210.
Radium Ra-226 .
Thorium Th-230 .
Americium Am-241.

.06
.006c
.06
.06
.006
.0003
.00002
.00002
.00002

“ Tritium oxide content shall not exceed the greater of (a) 1 percent of tritium in source, or (b) lmCi.
b Cl Salt
c Kryptonate

2

.3
.03“
.3
.3
.03
.0015
.0001
.0001
.0001

Separable
5
0.3
.03
.3
.03c
.3
.3
.03
.0075
.0005
.0005
.0005

Gaseous
50“
30 (CO,)
3

_
30
—
—
—
—
—
—

—

Table 2.

Self-luminous light source performance tests
Test Levels

Type of Test
2

1
Discoloration.

12 h lamp

4

3

-

X
Special

-

-

Special

No test

0 °C and 50 °C

-30 °C and 65 °C

-55 °C and 80

No Test

0 °C to 50 °C

-30 °C to 65 °C

-55 °C to 80 °C

Special

No test

226 mm Hg abs.

175 mm Hg abs.

87 mm Hg abs.

Special

Impact.

No test

Free fall to steel
plate 1 m 2x

Free fall to steel
plate 1 m 20x

Free fall to steel
plate 1 m 20x
and 2 m 2x

Special

Vibration.

No test

Simple harmonic motion having an amplitude of 0.75 cm
(0.03") and a maximum total excursion of 0.15 cm
(0.06"), the frequency being varied uniformly between
the approximate limits of 10 and 55 Hertz (Hz). The
entire frequency range, between 10 and 55 Hz and re¬
turn to 10 Hz, shall be traversed in approximately one
(1) minute.
Special
10 minutes
30 minutes
60 minutes

Immersion.

No test

Temperature.

Immerse
minute
diately
may be

°C

in ci )ld bath, 15 miniites. Immediately (<)ne
max), transfer to hot beith, 15 minutes. Imrne(one minute max), transit;r to cold bath. A lye
used tc observe obvious, gross penetration.

0 °C to 50 °C
2 cycles

0 °C to 65 °C
2 cycles

0 °C to 80 °C
5 cycles

Special

Tests to be performed in the order shown. All temperatures specified ±3 °C

general classification shall be modified to accom¬
modate the abnormal condition.

Table 2 does not cover all source-use situations.
If the environmental conditions to which a source
is expected to be exposed in use differ from the
particular environment shown, the specifications
for the source and the test requirements shall be
considered on an individual basis by the supplier,
the user, and the regulating authority. If the en¬
vironmental conditions are more severe than the
test conditions of Level 4 in table 2, “special”
tests shall be developed by the supplier which
satisfy the user and the regulating agency.

3.4

Fire and Explosion

Table 2 does not consider exposure of the
source or source-device to fire and explosion. In
the evaluation of self-luminous light sources and
source-devices, the manufacturer and user shall
consider the probability of fire and explosion and
the possible results. Factors which should be con¬
sidered in determining the need for tests more
stringent than those suggested for specific class¬
es in table 3 are; consequences of loss of activity,
quantity of material in the source, radiotoxicity,
physical form of the material, environment in
which the source is used, and protection afforded
the source or source-device combination.

3.3 Performance Standards for
Classification of Self-Luminous
Light Sources (Table 3)

Table 3 establishes test requirements for selfluminous light sources according to intended
usage and source activity. These performance re¬
quirements are minimums for applications involv¬
ing normal usage (including typical accidents).
Where generally extreme environmental condi¬
tions may be encountered a “special” test appro¬
priate to that situation shall be developed. There
also may be situations where a source in its in¬
tended usage will encounter only one extreme en¬
vironmental condition. Under such conditions the

It is recognized that the possibility of fire or ex¬
plosion exists in many areas where light sources
are used. However, light sources, because of cer¬
tain inherent characteristics, cannot always be
constructed so as to completely resist the effects
of fire or explosion. Therefore, special test re¬
quirements shall be specified where the probabili¬
ty of fire or explosion is known to be abnormally
high. These special tests shall include tempera¬
ture, thermal shock, pressure and impact resist¬
ance.
3

Table 3.

Performance standards for classification of self-luminous light sources

Performance test level (table 2)
Source activity

Intended
usage

Classi¬
fication

<0.1% of
Table 1.

any

>0.1% to <1% of
Table 1.

Discolor¬
ation

Temper¬
ature

Thermal
shock

Pressure
(reduced)

Impact

Vibra¬
tion

Immer¬
sion

1

1

1

1

1

1

1

i

any

2

1

2

2

2

2

2

2

>1% to <10% of
Table 1

fixed
mobile

3
4

1
1

3
3

3
3

3
3

2
3

2
3

2
3

>10% to <100% of
Table 1

fixed
mobile

5
6

1
1

3
3

3
3

3
3

3
4

3
4

3
4

maximum
normal
environ¬
ment

7

1*

4*

4*

4*

4*

4*

4*

Does not exceed
Table 1

NOTE: The above figures are minimum requirements for applications involving normal usage. Where special environmental conditions are involved,
either more or less stringent than what might be considered normal, the user shall specify the abnormal condition or conditions, or request the necessary class
change.
*Or special, as required for specific abnormal environmental condition(s). Use an X where applicable to indicate the special test(s).

3.5

Radiotoxicity and Solubility

When conditions of use indicate that abnormal re¬
sistance to one or more environmental conditions
is necessary or desirable, suitable test conditions
may be selected from table 2 and substituted for
those normally specified in table 3. Since table 3
is arranged in order of increasing severity,
sources of an established classification may be
used in any application having less severe specific
performance requirements.

Except as limited by paragraph 3.4, radiotoxic¬
ity of the radioactive material and its solubility
shall be considered only when the activity of the
source exceeds the value shown in table 1. If the
activity exceeds the value shown in table 1, the
classification of the source shall be considered on
an individual basis. If the activity does not exceed
the values shown in table 1, table 3 may be used
without consideration of either radiotoxicity or
solubility.

4.

4.2

Classification and Testing
4.1

Testing

The verification of the classification (sec. 5) of
each source type shall be determined by subject¬
ing a minimum of two prototype or production
sources consecutively to the performance tests
specified or by evaluation of prior test data on
sources of comparable size and identical materi¬
als of construction.
For self-luminous light sources normally
mounted in devices, the complete device may be
tested. Where the source constitutes a part of a
complete assembly which may not adapt to the
performance tests, the source only or the source
in its holder may be subjected to the specified
tests.
Compliance with the tests shall be determined
by the ability of the self-luminous light source to
maintain its integrity and brightness after each
test is performed, i.e., retain its radioactive mate¬
rial and maintain, within the limits specified in
section 8, its physical and operating characteris¬
tics.
In the event any of the source units tested fails
the test series, the source design shall be consid¬
ered unacceptable.

Classification Procedures

The performance classification of a specific
type of self-luminous source or source-device
shall be determined as follows:
4.1.1 Determine from table 1 the activity al¬
lowable for that type of source.
4.1.2 If the desired quantity of radioactive
material does not exceed the allowable quantity
of table 1 and no abnormal fire or explosion haz¬
ard exists, the performance requirements for
classification of that type of source may be taken
directly from table 3. If a significant fire or explo¬
sion hazard exists, the factors listed in paragraph
3.4 shall be evaluated and applied.
4.1.3 If the desired quantity of radionuclide
exceeds the allowable limits of table 1, a separate
evaluation of the specific source use and source
design shall be made in accordance with para¬
graph 3.5.
4.1.4 Performance requirements may be de¬
termined directly from table 3 for normal usage.
4

5. Classification Designation

6. Product Identification

The classification of a self-luminous light
source shall be designated by a series of letters
and digits in accordance with the following desig¬
nation scheme:

The ANSI classification designation shall be
marked on the self-luminous light source, source
container or source holder. If space limitation
does not permit such marking, the classification
designation shall appear on accompanying docu¬
ments.

5.1 The first one or two characters will desig¬
nate the radionuclide and, with the exception of
tritium, shall consist of the chemical symbol of
the element, using the letter “T” for tritium,
“Kr” for krypton-85, “Pm” for promethium-147,
etc.
5.2 The first character following the radionu¬
clide identification shall be a digit, from 1 to 7,
taken from table 3, which will indicate the classi¬
fication assigned on the basis of the tests to which
the source has been subjected. For emphasis, that
digit shall be underlined whenever used.
5.3 The first character following identifica¬
tion of the general classification test will desig¬
nate the type of source, as classified in table 1, us¬
ing the letter “D” to identify a dry powder
source, “P” for painted, “S” for separable and “G”
for gaseous.
5.4 The first character following identifica¬
tion of the type of source will indicate whether
the curie content does or does not exceed the
maximum amounts given in table 1. Use the letter
“C” to indicate that the amount does not exceed
table 1 limits and “E” to indicate that the activity
exceeds table 1 limits.
5.5 If the source testing involved any specific
tests more or less stringent than normal for the
indicated classification, the curie content desig¬
nation (“C” or “E”) shall be followed by seven ad¬
ditional digits to indicate the level at which each
specific test was made. Table 2 shows seven tests
and five test levels for each. Using the applicable
designator for test levels (1 to 4 or X), indicate
the deviation from the general test level in the
manner illustrated in the following example:
Assume that a source under consideration is
one containing two curies of gaseous tritium, is
intended for a mobile type application involv¬
ing abnormal shock resistance, and has been
tested in accordance with classification 4, ex¬
cept for the more severe impact test require¬
ments of test level 4. The proper designation
for such a source would be:

7. Performance Testing Procedures
7.1 General
The testing procedures described below are ac¬
ceptable and recommended procedures for con¬
ducting the performance tests prescribed in table
2. Procedures demonstrated to be at least equiva¬
lent are also acceptable.
Tests shall be run consecutively on the same
source, in the order shown in table 2. Unless oth¬
erwise specified the tests shall be performed at
23 °C ±10 °C, at barometric pressure of 710-790
mm (28-31") mercury and at a maximum relative
humidity of 80 percent. Temperature changes,
unless otherwise specified, shall be gradual to re¬
duce the possibility of thermal shock.
7.2 Discoloration
7.2.1 Equipment. Weatherometer or S-4 Sun¬
lamp, Corex D filter, calcium chloride, 8 liters or
larger, glass container.
7.2.2 Procedure.(a) Expose sources in weath¬
erometer for twelve hours, alternating one-half
hour wet and dry cycles or, (b) expose sources for
twelve hours to the light from an S-4 lamp, fil¬
tered by a Corex D filter, at a distance of 20 centi¬
meters from the S-4 lamp. All tests shall be per¬
formed in air with an ambient temperature of
27 °C ±10°C and a relative humidity of 95 to 100
percent. The samples shall be irradiated with the
light impinging on the translucent surface of the
source.
7.2.3 Evaluation. Test sources shall be exam¬
ined visually and any discoloration or other ef¬
fects observed. The light spectrum and output
after the test shall be compared with that before
the test. When measured with a visual photome¬
ter or a color corrected photocell, no greater loss
of luminosity than 20 percent shall be observed.
7.3 Temperature Test

T4GC1333433

7.3.1 Equipment. The heating or cooling
equipment shall have a test zone volume (that vol¬
ume at essentially constant temperature) of at
least five times the volume of the test specimen.
The temperature of the test chamber shall be de¬
termined by at least two recently calibrated tem¬
perature measuring instruments, and the aver¬
age of the readings shall be taken as the true tem¬
perature.

The proper designation for a similar source in¬
volving no abnormal conditions and tested in
accordance with the requirements of the per¬
formance standards classification 4 would be:
T4GC
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sure for four periods of 15 minutes each, the pres¬
sure being returned to atmospheric between each
period.
7.5.3 Evaluation. Test sources shall be exam¬
ined visually for any evidence of failure and, in
the absence of any evident failure, shall be used
in the succeeding impact test. In the event of any
uncertainty regarding possible failure, the per¬
son performing the test may, at his option, sub¬
ject the source(s) to the final immersion test be¬
fore proceeding with the next test.

If a gas or oil-fired furnace is used for the tem¬
perature test, an oxidizing atmosphere must be
maintained at all times.
7.3.2 Procedure. All temperature tests shall
be performed in air. All test sources shall be held
at or above the maximum (or at or below the mini¬
mum for low temperature tests) test temperature
for a period of at least one hour. The test sources
shall be allowed to remain in the test chamber un¬
til they return to ambient conditions.
Sources to be subjected to temperatures below
ambient shall be cooled to the test temperature in
less than 45 minutes.
Sources to be subjected to temperatures above
ambient shall be heated to the test temperature
within a 5 minute period.

7.6 Impact Test
7.6.1 Equipment. Rigid steel plate. Support
or shelf for sources. The steel plate shall be rigid¬
ly mounted on an unyielding surface so that it will
not deflect appreciably during the test.
7.6.2 Procedure. Mount the source support
above the steel plate at the appropriate height.
Place the source to be tested on the support and,
using any device or means which will not have a
tendency to orient the source, push the source
from the support and allow it to free fall and im¬
pact the steel plate in a random manner. Repeat
the required number of times specified for the
particular test level.
7.6.3 Evaluation. Each test source shall be ex¬
amined visually for any evidence of failure and, in
the absence of any evident failure, shall be used
for the succeeding vibration test. In the event of
uncertainty regarding possible failure, the per¬
son performing the test may, at his option, sub¬
ject the source(s) to the final immersion test be¬
fore proceeding with the next test.

7.3.3 Evaluation. Test sources shall be exam¬
ined visually for any evidence of failure and, in
the absence of any evident failure, shall be used
in the succeeding thermal shock test. In the event
of any uncertainty regarding possible failure, the
person performing the test may, at his option,
subject the source(s) to the final immersion test
before proceeding with the next test.
7.4 Thermal Shock Test
7.4.1 Equipment. Same as 7.3—Temperature
test.
7.4.2 Procedure. Use the sources used in tem¬
perature test. Heat the source(s) to the maximum
test temperature (required for that particular
class land hold at this temperature for at least 15
minutes. Transfer the source, in 15 seconds or
less, to the cold chamber, held at or below the
minimum temperature required for the particular
class. If water is used for the cold test, it shall be
flowing at a rate of at least ten times the source
volume per minute, or, if the water is stationary,
it shall have a volume of at least twenty times the
source volume.
7.4.3 Evaluation. Test sources shall be exam¬
ined visually for any evidence of failure and, in
the absence of any evident failure, shall be used
in the succeeding pressure test. In the event of
any uncertainty regarding possible failure, the
person performing the test may, at his option,
subject the source(s) to the final immersion test
before proceeding with the next test.

7.7

Vibration Test

7.7.1 Equipment. The equipment shall be ca¬
pable of providing a simple harmonic motion hav¬
ing an amplitude of 0.075 centimeter (0.03") and a
maximum total excursion of 0.15 centimeter
(0.06"), the frequency being varied uniformly be¬
tween the approximate limits of 10 and 55 hertz
(Hz).
7.7.2 Procedure. Test sources shall be sub¬
jected to the above simple harmonic motion for
the time interval indicated for the specific test
level. The entire frequency range, between 10
and 55 Hz and return to 10 Hz, shall be traversed
in approximately one (1) minute.
7.7.3 Evaluation. Test sources shall be exam¬
ined visually for any evidence of failure and, in
the absence of any evident failure, shall be used
for the succeeding immersion test.

7.5 Pressure (Reduced) Test
7.5.1 Equipment. The apparatus used for the
pressure test shall consist of a vacuum pump,
vented to a suitable exhaust system, and a suita¬
ble sealed chamber having means for visual ob¬
servation of the sources under test. The pressure
gauge shall be recently calibrated and should
have a range at least 10 percent greater than the
test pressure.
7.5.2 Procedure. The test sources shall be put
into the chamber and exposed to the test pres¬

7.8
7.8.1
741.2
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Immersion Test

Equipment. Hot and cold baths.
Procedure. Immerse the test sources(s) in
bath, maintained at 0 °C, and allow to re¬
15 minutes. Immediately (one minute maxi-

mum) transfer the source(s) to a hot water bath,
maintained at the temperature specified for the par¬
ticular test level (±3 °C), and allow to remain for 15
minutes. Immediately (one minute maximum), trans¬
fer to the cold bath and allow to remain for 15 min¬
utes. Repeat the cycle as indicated for the specific
test level. A dye may be used to observe any gross
penetration.
Bath volume, or temperature control, shall be
such that bath temperature does not change by more
than ±3 °C during the test cycle.
7.83 Evaluation. The radioactivity in the hot and
cold baths shall be determined. The radioactivity in
the liquid shall not exceed 1 microcurie for painted
tritium sources, 50 nanocuries for gaseous tritium
sources, or 5 nanocuries for other sources.

9. Additional Tests for Special Uses
Under certain environmental conditions, addition¬
al tests, not applicable to all sources, may be re¬
quired or desirable. The following covers one such
additional test. Other additional tests should be de¬
veloped and applied as special situations become evi¬
dent.
9.1 Dust Resistance
9.1.1
Equipment. Humidity chamber, heat
source, dusting chamber, carbon black, Mg02 or oth¬
er opaque powder.
9.1.2 Procedure

9.1.2.1

8. Evaluation

Prepare test sources as follows:

9.1.2.1.1 Rub surface of source to create
surface charge. Dust source using the procedure de¬
scribed under 9.1.2.2.

Determination of compliance with the perform¬
ance test requirements shall be made on all sources
in accordance with the procedures described below,
after the sources have been subjected to the entire
test sequence. These evaluations shall be made in ad¬
dition to the evaluation procedures specified for the
individual tests.
8.1 The test sources shall be examined visually
for any evidence of failure, visible leakage or degra¬
dation.
8.2 The test sources shall be subjected to bright¬
ness measurements and the loss of luminosity shall
not exceed 20 percent of that observed prior to this
series of tests. And
8.3 The test sources shall be tested for loss of ra¬
dioactive contents as follows:
83.1 Each source shall be wet wipe tested. An
acceptable wipe (smear) test consists of wiping all
external surfaces of the source thoroughly with a
piece of filter paper or other suitable material of high
wet strength and absorbent capacity, moistened
with a solvent which will not attack the material of
which the outer surfaces of the source are made and
which, under the conditions of this test, has been
demonstrated to be effective in removing the radio¬
nuclide involved. Measure the total activity on the
paper. It shall not exceed 1 microcurie for painted
tritium sources or 5 nanocuries for other sources.
Wipe tests are not required for gaseous sources.
8.3.2 Each source shall be soak tested for 24
hours in a volume of water about equal to 10 times
the volume of the source. The source shall be re¬
moved and the activity in the solution measured.
The activity in the solution shall not exceed 1 micro¬
curie for painted tritium sources, 50 nanocuries for
gaseous tritium sources, or 5 nanocuries for other
sources. Gaseous krypton sources are exempted
from the soak test.
833 Leakage of gas from gaseous sources shall
be monitored by enclosing the source in a closed sys¬
tem or through suitable means to determine rate of
leakage. Leakage shall not exceed 5 nanocuries in 24
hours. Tritium sources shall be exempted from this
test.

9.1.2.1.2 Expose test source for one hour in
air with a relative humidity of 95 to 100 percent.
Dust source using the procedure described under
9.1.2.2.
9.1.2.1.3 Expose source for one hour in air
at 80 °C ±10 °C to drive plasticizer or residual sol¬
vent to surface. Dust source using the procedure de¬
scribed under 9.1.2.2.
9.1.2.2 Sources prepared under each proce¬
dure above should be mounted or suspended in the
dusting chamber, in the position in which it is to be
used, and dusted with opaque powder, to simulate
dust laden air, or atmosphere. Dusting powder
should be introduced in an air stream, in such a man¬
ner that the air stream does not impinge directly on
the translucent surface of the source but creates a
dust suspension, resembling a dust laden atmos¬
phere. Expose the source for thirty minutes in such
an atmosphere.
9.13 Evaluation. Remove the source, without
disturbing the surface, and measure brightness
through any accumulated dust, or make such meas¬
urement without removing the source from the
chamber. Surface brightness shall not be less than 90
percent of pretest brightness.

10. References
Publication 1 listed below is referred to in the Preface in this
standard. Publication 2 is an international standard for radioluminous timepieces recommended by the European Nuclear Energy
Agency and the International Atomic Energy Agency.
[1]
[2]
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Radiation Protection Standards for Radioluminous Timepieces,
Safety Series No. 23, International Atomic Energy Agency,
Vienna, Austria (1967).
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