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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 This American National Standard may be revised or withdrawn at any 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 Self- 

Luminous 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. 

IV 



The American National Standards Committee N43, on Equipment for Non-Medical Radiation Applica¬ 

tions, had the following personnel at the time it processed and approved this standard: 

Elmer H. Eisenhower 

Chairman 

Organization Represented Name of Representative 

Aerospace Industries Association 
Air Transport Association 
American Chemical Society 
American Conference of Governmental Industrial Hygienists 
American Crystallographic Association 
American Federation of Labor and Congress of Industrial 

Organizations 
American Industrial Hygiene Association 

American Insurance Association 
American Iron and Steel Institute 

American Mutual Insurance Alliance 

American Nuclear Society 

American Public Health Association, Inc. 

American Society of Mechanical Engineers 
American Society for Nondestructive Testing, Inc. 

American Society for Testing and Materials 

American Welding Society 
Association of State and Territorial Health Officers 
Health Physics Society 

Institute of Electrical and Electronics Engineers, Inc. 
Instrument Society of America 
International Association of Machinists and Aerospace 

Workers 
International Brotherhood of Electrical Workers 
National Bureau of Standards 
National Council on Radiation Protection and Measurements 

National Electrical Manufacturers Association 
Underwriters' Laboratories, Inc. 
U.S. Atomic Energy Commission 

U.S. Department of the Air Force, Office of the Surgeon 
General 

U.S. Department of the Air Force, Directorate of Nuclear 
Safety 

U.S. Department of the Army, Office of the Surgeon General 

U.S. Department of Defense 

U.S. Department of Health, Education and Welfare 
Public Health Service 

U.S. Department of the Navy, 
Naval Facilities Engineering Command 

Individual Member 

Leon Maggio 
Warren J. Weldon 
Edward E. Beauchamp 
Major Gordon M. Lodde 
Stanley Block 
Jack R. Suarez 

Walter H. Konn 
Grover C. Wrenn, Jr. (Alt.) 
Victor 0. Bohn 
Anthony LaMastra 
Wayne T. Brooks (Alt.) 
Leon D. Horowitz 
Thomas F. Bresnahan (Alt.) 
E. Alfred Burrill 
W. E. Kreger (Alt.) 
Francis J. Bradley 
Jesse Lieberman (Alt.) 
Herbert R. Isenburger 
John P. Battema 
Warren M. Holm (Alt.) 
Marvin M. Turkanis 
Jack Bystrom (Alt.) 
Edward L. Criscuolo 
Franklin M. Foote 
John H. Weiler 
Robert M. Ryan (Alt.) 
Thomas R. Kohler 
H. L. Cook, Jr. 
J. George Eichhorn 

Paul R. Shoop 
Elmer H. Eisenhower 
Carl B. Braestrup 
E. Dale Trout (Alt.) 
George R. Mahn 
L. S. Homa 
Robert Barker 
Edward Vallario (Alt.) 
Lt. Col. William D. Howell 
Lt. Col. Owen H. Kit tils tad (Alt.) 
Major W illiam B. Moyer 

LTC Edward W. Blackburn 
Col. John E. Ward (Alt.) 
Satrak Der Boghosian 
Charles P. Merhib (Alt.) 
Walter Gundaker 
Edwin A. Miller (Alt.) 
Glenn Zimmer 
John Potter (Alt.) 
E. R. Ferraro 

V 



Members of Subcommittee N43-2, which had responsibility for developing this standard, are listed below. 

Robert F. Barker, Secretary 
U. S. Atomic Energy Commission 

Arthur C. Chandler, Jr. 
NASA, Goddard Space Flight Center 

Harry H. Dooley, Chairman 
American Atomics Corporation 

Major F ecteau 
Redstone Arsenal 

Marvin E. Gonshery 
Frankford Arsenal 

Will Hegarty 
Self-Powered Lighting, Ltd. 

Elmer Hites 
Wright-Patterson AFB 

Warren M. Holm • 
Radium Chemical Company, Inc. 

Alphus L. Jones 
USAEHA, APG 

James C. Malaro 
U. S. Atomic Energy Commission 

Robert C. McMillan 
U. S. Army, Fort Belvoir 

Donald MeSparron 
National Bureau of Standards 

Walter T. Neal 
Frankford Arsenal 

Gail Schmidt 
Bureau of Radiological Health 

R. F. Stewart 
U. S. Bureau of Mines 

Darwin Taras 
U.S. Army Material Command 

C. W. Wallhausen 
Nuclear Radiation Developments, Inc. 

Richard N. Walz 
3M Nuclear Products 

vi 



Contents 

Page 

Preface. iv 

1. Scope. 1 

2. Definitions. 1 

3. General Conditions. 
3.1 Activity Level (Table 1). 
3.2 Self-Luminous Light Source Performance Tests (Table 2). 
3.3 Performance Standards for Classification of Self-Luminous Light Sources 

(Table 3). 
3.4 Fire and Explosion. 
3.5 Radiotoxicity and Solubility. 

4. Classification and Testing. 
4.1 Classification Procedures. 
4.2 Testing. 

5. Classification Designation. 

6. Product Identification... 

7. Performance Testing Procedures. 
7.1 General. 
7.2 Discoloration. 
7.3 Temperature Test. 
7.4 Thermal Shock Test. 
7.5 Pressure (Reduced) Test. 
7.6 Impact Test. 
7.7 Vibration Test. 
7.8 Immersion Test. 

8. Evaluation. 7 

9. Additional Tests for Special Uses. 7 
9.1 Dust Resistance. 7 

10. References 7 

0
5
0
5
0
5
0
5
®

o
io

io
io

i 
cn
 

cn
 

4^
- 

co
 c

o 
to

 t
o
 t

o
 





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 self- 
luminous 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. 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¬ 

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 loca- 
tion(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. 
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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 

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

3. General Conditions 

3.1 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. 

Table 1. Maximum Activity in Curies of an Individual Self-Luminous Light Source 

Radionuclide Dry Powder Painted Separable Gaseous 

Tritium H-3. 1 5 5 50“ 
Carbon C 14. 0.06 0.3 0.3 30 (CO,) 
Chlorine Cl-36. .006 .03" .03 3 

Nickel Ni-63. .06 .3 .3 _ 
Krypton Kr-85. .006c .03“ .03c 30 
Technetium Tc 99. .06 .3 .3 — 
Promethium Pm 147. .06 .3 .3 — 
Thallium Tl-204. .006 .03 .03 — 
Lead Pb-210. .0003 .0015 .0075 — 

Radium Ra-226 . .00002 .0001 .0005 — 

Thorium Th-230 . .00002 .0001 .0005 — 

Americium Am-241. .00002 .0001 .0005 — 

“ Tritium oxide content shall not exceed the greater of (a) 1 percent of tritium in source, or (b) lmCi. 
b Cl Salt 
c Kryptonate 
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Table 2. Self-luminous light source performance tests 

Type of Test Test Levels 

1 2 3 4 X 

Discoloration. 12 h lamp - - - Special 

Temperature. No test 0 °C and 50 °C -30 °C and 65 °C -55 °C and 80 °C Special 

No Test 0 °C to 50 °C -30 °C to 65 °C -55 °C to 80 °C Special 

No test 226 mm Hg abs. 

Free fall to steel 
plate 1 m 2x 

175 mm Hg abs. 87 mm Hg abs. Special 

Impact. No test 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. 

10 minutes 30 minutes 60 minutes Special 

Immersion. No test Immerse in ci 

minute max), 
diately (one 
may be used tc 

0 °C to 50 °C 
2 cycles 

)ld bath, 15 mini 
transfer to hot be 

minute max), transit 
observe obvious, gro 

0 °C to 65 °C 
2 cycles 

ites. Immediately (< 
ith, 15 minutes. Imr 
;r to cold bath. A 
ss penetration. 

0 °C to 80 °C 
5 cycles 

)ne 
ne- 
lye 

Special 

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

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. 

3.3 Performance Standards for 
Classification of Self-Luminous 

Light Sources (Table 3) 

Table 3 establishes test requirements for self- 
luminous 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 

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

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. 

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. 
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Table 3. Performance standards for classification of self-luminous light sources 

Intended 
usage 

Classi¬ 
fication 

Performance test level (table 2) 

Source activity Discolor¬ 
ation 

Temper¬ 
ature 

Thermal 
shock 

Pressure 
(reduced) 

Impact 
Vibra¬ 
tion 

Immer¬ 
sion 

<0.1% of 
Table 1. any 1 1 1 1 1 1 1 i 

>0.1% to <1% of 
Table 1. any 2 1 2 2 2 2 2 2 

>1% to <10% of fixed 3 1 3 3 3 2 2 2 
Table 1 mobile 4 1 3 3 3 3 3 3 

>10% to <100% of fixed 5 1 3 3 3 3 3 3 
Table 1 mobile 6 1 3 3 3 4 4 4 

Does not exceed 
Table 1 

maximum 
normal 

environ¬ 
ment 7 1* 4* 4* 4* 4* 4* 4* 

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 

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. Classification and Testing 

4.1 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. 

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. 

4.2 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. 
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5. Classification Designation 

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: 

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: 

T4GC1333433 

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 

6. Product Identification 

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. 

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 

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. 
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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. 

7.3.3 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. 

7.5 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¬ 

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. 

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. 

7.7 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. 

7.8 Immersion Test 

7.8.1 Equipment. Hot and cold baths. 
741.2 Procedure. Immerse the test sources(s) in 

a water bath, maintained at 0 °C, and allow to re¬ 
main for 15 minutes. Immediately (one minute maxi- 
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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. 

8. Evaluation 

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. 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 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. 

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 radiolumi- 
nous timepieces recommended by the European Nuclear Energy 
Agency and the International Atomic Energy Agency. 

[1] USA Standard Classification of Sealed Radioactive Sources, 
(ANSI N5.10-1968, August 29,1967). 

[2] Radiation Protection Standards for Radioluminous Timepieces, 
Safety Series No. 23, International Atomic Energy Agency, 
Vienna, Austria (1967). 
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