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F O R E W O R D

Under its Statute the International Atomic Energy Agency is empowered 
to provide for the application of standards of safety for protection against 
radiation to its own operations and to operations making use of assistance 
provided by it or with which it is otherwise directly associated. To this end 
authorities receiving such assistance are required to observe relevant 
health and safety measures prescribed by the Agency.

As a first step, it was considered an urgent task to provide users of 
radioisotopes with a manual of practice for the safe handling of these 
substances. The first edition of such a manual was published in 1958 and 
represented the first of the “Safety Series”, a series of manuals and codes 
on health and safety published by the Agency. It  was prepared after careful 
consideration of existing national and international codes of radiation 
safety by a group of international experts and in consultation with other 
international bodies.

I t  was stated in the foreword to the first edition that this Manual was 
issued by the Agency as a provisional document which would be subject 
to revision from tim e to time and that comments submitted to the In ter
national Atomic Energy Agency’s Secretariat would be welcome. This 
edition presents the first revision. I t  incorporates in the Appendices the 
latest recommendations of the International Commission on Radiological 
Protection and extracts from the report of the Committee II  of the I.C.R.P. 
on permissible dose for internal radiation.

The Health Physics and Medical Addenda to this Manual, published 
as No. 2 and No. 3 in the Safety  Series in 1960, give more complete advice 
to the user on specialized topics.

It is recommended that the Manual be taken into account as a basic 
reference document by Member States of the Agency in the preparation 
of national health and safety documents covering the use of radioisotopes.

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



A C K N O W L E D G E M E N T

The work of the following experts who formed an international panel 
on the safe handling of radioisotopes is gratefully acknowledged:

Chairm an:

Mr. G. Randers 
Institu tt for Atomenergi 
N orw ay

Members:

Professor V.V. Bochkarev 
Academy of Medical Sciences 
of the U SSR
U nion o f  S ov iet  Socialist Republics

Dr. H. J .  Dunster
United Kingdom Atomic Energy
Authority
U nited  K in gdom

Dr. B. Gross
Institute Nacional de Tecnologia 
B razil

Dr. Arne Hedgran 
Radiofysiska Institutionen 
S w ed en

Professor F. Hercik 
Institute of Biophysics 
Czechoslovak Academy of Sciences 
C zech oslov ak  S ocia list R epu b lic

Dr. H. Jam m et
Centre d’Etudes Nucleaires de
Saclay
F ran ce

Dr. P.N. Krishnamoorthy 
Atomic Energy Establishm ent 
India

Dr. A.S. Rao
Atomic Energy Establishm ent 
India

Mr. A.H.K. Slater
United Kingdom Atomic Energy
Authority
U nited K in gdom

Dr. F. W estern
United S tates Atomic Energy
Commission
U nited S tates  o f  A m erica  

Dr. F. Yamasaki
Scientific Research Institute Ltd. 
Ja p a n

Observers:

Mr. G'.J. Appleton
United Kingdom Atomic Energy
Authority
U nited K in gdom

Mr. E. Diamond
United States Atomic Energy
Commission
U nited S tates o f  A m erica

Dr. L. Dobson
W orld  H ea lth  O rganization

Mr. E. Hellen
In tern ation a l L ab ou r  O rganisation

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



1. I N T R O D U C T I O N

1.1. SCO PE ........................................................................................................ 11

1.2. D EFIN ITIO N S .......................................................................................  12

1.3. M AXIM UM  P E R M ISSIB L E  LEV ELS FO R  EX PO SU R E TO
EXTER N A L RADIATION  AND TO RADIOACTIVE 
CONTAMINATION ................................................................................  13

1.4. ORGANIZATION ................................................................................... 13
1.4.1. P r i n c i p l e s ...................................................................................................  13
1.4.2. Responsibility of the authority in charge of the installation . . 14
1.4.3. Duties of the radiological health and safety o f f ic e r .................. 14
1.4.4. Duties of the w o rk e r ..............................................................................  16

1.5. M EDICAL SU PERVISIO N  OF W O R K E R S................................  16
1.5.1. General considerations..........................................................................  16
1.5.2. M edical examinations before e m p lo y m e n t................................  17
1.5.3. Medical examinations during e m p lo y m e n t................................  17
1.5.4. Medical casualty s e r v i c e ......................................................................  18

1.6. DETERM IN ATION OF RADIATION E X PO SU R E  OF
PERSONNEL ............................................................................................  18

1.6.1. General co n sid era tio n s ..........................................................................  18
1.6.2. Determination by personnel m o n ito r in g ..................................... 19
1.6.3. Determination by area m o n ito r in g .................................................  20

1.7. MONITORING .......................................................................................  21
1.7.1. Monitoring of radiation from external s o u rc e s ........................  21
1.7.2. Monitoring of contamination on surfaces of rooms and

e q u ip m e n t............................................................... .....................................  21
1.7.3. Monitoring of air contam ination .........................................................  22
1.7.4. Monitoring of water contam ination.................................................  22
1.7.5. Monitoring of skin and c lo th in g .....................................................  22

1.8. RECORDS ................................................................. .............................. 23
1.8.1. Personal h i s t o r y ...........................................................' ..........................  23
1.8.2. Area monitoring re su lts ........................................................................ 23

2. S E A L E D  S O U R C E S

2.1. CHOICE AND DESIGN OF SEALED SO U R C E S........................  24

2.2. METHODS OF U SE OF S O U R C E S .................................................  24

2.3. S H IE L D IN G ...............................................................................................  25
2.4. SPEC IA L  U SES OF SEALED  SO U R C E S ..................................... 26
2.4.1. Large sources and teletherapy installations in medical

d e p a r tm e n ts ................................................................................................. 26

C O N T E N T S

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



2.4.2. Sm all sources for contact and interstitial therapy in medical
d e p a r tm e n ts ................................................................................................  26

2.4.3. Industrial gamma radiography...........................................................  27
2.4.4. Thickness gauges, static eliminators and sim ilar devices using

sealed s o u r c e s ............................................................................................  28

3. U N S E A L E D  S O U R C E S

3.1. GENERAL OPERATIONS WITH UNSEALED SOURCES . . 29

3.2. CHOICE OF RADIOACTIVE M ATERIAL AND SU ITA BLE
PRO C ESSES ............................................................................................  32

3.3. CHOICE AND DESIGN OF W ORK P L A C E S .................................. 32
3.3.1. General co n sid era tio n s ...........................................................................  32
3.3.2. Floors, walls, working su rfaces ...........................................................  32
3.3.3. S i n k s , .............................................................................................................  32
3.3.4. F u r n i t u r e ..................................................................................................... 33
3.3.5. L ig h t in g ......................................................................................................... 33
3.3.6. Ventilation ................................................................................................. 33

3.4. PRO TEC TIV E C L O T H IN G ...................................................................  34

3.5. PERSON AL PROTECTIVE M E A S U R E S ......................................  35

3.6. CONTROL OF A IR  CONTAM INATION..........................................  36

3.7. SPEC IA L U SES OF UNSEALED SO U R C E S.................................. 37
3.7.1. Installations for the pumping of radon or th o ro n .........................  37
3.7.2. Luminizing involving application of radium or sim ilar

dangerous isotopes to su rfa ces ...............................................................  37
3.7.3. Medical uses of unsealed so u rces....................................................... 39
3.7.4. Radioactive isotopes in animal exp erim en ts..................................  40

4. S T O R A G E  O F  S O U R C E S

4.1. PLA CE OF S T O R A G E ............................................................................ 41

4.2. CONDITIONS OF S T O R A G E ...............................................................  41

4.3. STO RA G E O P E R A T IO N S ...................................................................  42

5. T R A N S P O R T A T I O N  O F  R A D I O A C T I V E  M A T E R I A L

5.1. TRANSPORTATION WITHIN AN ESTABLISH M EN T . . .  43

5.2. TRANSPORTATION OUTSIDE AN ESTA BLISH M EN T . . .  44

6 . A C C I D E N T S

6.1. IDEN TIFICATIO N  OF A C C ID E N T S..............................................  45

6.2. PRECAUTIONARY M E A S U R E S ....................................................... 45

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



6.3. ACTIONS COMMON TO A LL A C C ID E N T S.................................  45

6.4. ACCIDENTS INVOLVING RADIOACTIVE
CONTAMINATION ................................................................................  46

7. D E C O N T A M I N A T I O N

7.1. DECONTAMINATION OF P E R SO N N E L .....................................  49
7.1.1. Measures to be taken in case of internal contamination of

p e r s o n n e l ...................................................................................................... 49
7.1.2. Measures to be taken in case of external contamination of

personnel ...................................................................................................... 50

7.2. DECONTAMINATION OF E Q U IP M E N T ..................................... 51
7.2.1. Decontamination of glassware and to o ls .........................................  51
7.2.2. Decontamination of working areas, benches, etc...........................  52
7.2.3. Decontamination of clothing, hospital linen or sim ilar items . 53

8 . R A D I O A C T I V E  W A S T E  C O N T R O L  A N D  D I S P O S A L

8.1. W ASTE COLLECTION ....................................................................... 55

8.2. W ASTE S T O R A G E .......................................................... ..................... 55

8.3. D ISPO SA L OF W ASTES TO THE ENVIRONMENT . . . .  56
8.3.1. General co n sid era tio n s ...........................................................................  56
8.3.2. Disposal to drains and s e w e r s ..........................................................  57
8.3.3. Disposal to the atmosphere ..............................................................  58
8.3.4. Burial of w a ste s ........................................................................................ 58
8.3.5. Incineration of w a s te s ........................................................................... 59

APPENDIX I
M AXIM UM P E R M ISSIB L E  LEV E LS FO R E X PO SU R E  TO 
EXTER N A L RAD IA TIO N S AND FO R RADIOACTIVE 
CONTAMINATION OF A IR  AND W A T E R ..................................  61

APPENDIX II
M AXIM UM  P E R M ISSIB L E  L EV E L S FO R SURFA CE 
C O N T A M IN A T IO N .................................................................... 115

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



1. I N T R O D U C T I O N
1.1.
1.1.1.

1.1.2.

1.1.3.

1.1.4.

1.1.5.

SCOPE

This Manual is provided as a guide to the safe handling of radio
isotopes. It  is hoped that it will prove helpful particularly to 
sm all-scale users who may not have direct access to other sources 
of information.
Large-scale users and those with specialized experience may 
prefer to adopt other procedures that are known to provide 
equivalent or even superior protection. Other published guides 
can be recommended when appropriate to specialized fields of 
application. I t  is presumed that those using radioisotopes in the 
practice of their profession (radiologists etc.) will supplement the 
recommendations of the Manual by application of their normal 
professional training.

The Manual does not, of course, preclude the application of any 
more stringent and more extensive instructions that may be in 
force in some countries.

This Manual contains a series of recommendations which should 
be interpreted with scientific judgement in their application to a 
particular problem. The choice of wording is intentionally precise 
and the user must understand its implication before departing 
from any recommendation.
As most natural objects contain some radioactive m aterial, it is 
clear that the provisions of the Manual are not intended to apply 
below a certain limiting degree of radioactivity. This lower limit 
can be taken as a concentration of 0.002 m icrocuries per gram 
(p.c/g) of m aterial, or a total activity in the working area of less 
than 0.1 [xc. These limits are based on the most dangerous radio
isotopes, so that the use of somewhat higher limiting levels of 
activity is permissible provided that the isotopes present are not 
the most dangerous. A guide to the quantities of the less toxic 
isotopes which may be handled without special precautions is 
provided in the first column of Table II  (p. 31) and in the pro
visions of paragraphs 3.1.10 and 3.1.11. In general, any relaxation 
of controls must be based on an assessment of the possibility of 
hazard, taking into account the nature of the m aterial, operations 
and working facilities.

Because of the training value of this approach and the protection 
it offers against misidentification, however, it is recommended 
that all radioisotopes should be treated as potentially dangerous.

11
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1.2 .

1.2.1.

1.2.2.

1.2.3.
1.2.4.

1.2.5.

1.2.6.

1.2.7.

1.2.8.

1.2.9.

1.2.10.

1.2.11.

12

D EFIN ITIO N S
In general, technical terms are used in their accepted scientific 
meanings.
A few definitions of significant terms follow:
Ion izing rad ia tion : electromagnetic or corpuscular radiation 
capable of producing ions directly or indirectly in its passage 
through m atter (e. g.: alpha rays, beta rays, gamma rays, X -rays, 
neutrons).
S ea led  sou rce : a source of ionizing radiations that is firm ly bonded 
within m aterial or sealed in a cover of sufficient mechanical 
strength to exclude the possibility of contact with the radioisotope 
and of dispersion of the radioactive m aterial into the environment 
under foreseeable conditions of use and wear.
U nsealed  sou rce : any other radioactive source.
E x tern a l rad ia tion : radiation received by the body from radio
active sources external to it.
Internal radiation: radiation received by the body from radio
active sources within it.
C urie  (c): The unit of quantity of radioactive m aterial, evaluated 
according to its radioactivity. One curie is that quantity of a 
radioactive nuclide in which the number of disintegrations per 
second is 3.700x10'°.
R ad ioact iv e  con tam in ation : the undesired presence of radioactive 
substances in or on any material.
A d equ ate  p ro tection : protection against external radiations and 
against intake of radioactive m aterial such that the radiation dose 
received by any person from sources external and/or internal 
to the body does not exceed the maximum permissible levels set 
for exposure by the competent authority.
In sta lla tion : any accommodation or facility where radioactive 
substances are produced, processed, used or stored.
E n closed  in sta lla tion : an installation in which the radiation source 
and all objects exposed thereto are within a permanent enclosure:
(a) to which no person has access, or within which no person 

(except those undergoing treatment) is permitted to remain 
during irradiation; and

(b) which affords under all practical operating conditions ad
equate protection for all persons outside the enclosure.

O pen in sta lla tion : an installation which, on account of operational 
requirem ents, e.g. the use of mobile equipment, does not meet 
the conditions specified for enclosed installations.
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1.2.12. C om peten t au th or ity : a national or international authority whose 
jurisdiction in the field concerned applies to the activities of the 
installation.

1.2.13. C on tro lled  a r e a :  area in which exposures may exceed the per
missible levels for non-occupationally exposed persons and which 
therefore requires the supervision of a radiological officer.

1.2.14. The terms W orkers  or P erson n el are used to include all persons 
potentially exposed to radiation or radioactive substances as a 
result of their occupation.

1.3. M AXIM UM  P E R M ISSIB L E  L EV E L S FO R  E X PO SU R E  TO
E XTER N A L RADIATION AND TO RADIOACTIVE 
CONTAMINATION

1.3.1. Pending the issue by the International Atomic Energy Agency of 
regulations on maxim um permissible levels for exposure to 
external radiation and to radioactive contamination, it w ill be 
generally acceptable to this Agency if all work performed in 
installations using .radioactive isotopes obtained through the 
International Atomic Energy Agency is in conformity with the 
maximum permissible levels fixed by the competent authority.

1.3.2. As in most countries the maxim um permissible levels have been 
set on the basis of recommendations of the International 
Commission on Radiological Protection, for countries where such 
maximum permissible levels have not been fixed the recommen
dations of the International Commission on Radiological P ro
tection of 1958, together with the amendments issued in 1959, are 
recommended as a common basis until such tim e as the regulations 
of the International Atomic Energy Agency are issued.

1.3.3. A generally accepted maximum permissible level is often not 
available with respect to certain specific problems, particularly 
for surface contamination or waste disposal. The problems 
involved and useful working guides are given in the relevant 
sections of the Manual.

1.4. ORGANIZATION

1.4.1. P rin cip les. Good radiation safety practice depends on an effective
health and safety organization. Experience shows that even the 
most competent w orker cannot be relied upon to keep in mind all 
health and safety requirem ents while preoccupied with the suc
cessful perform ance of his work. Responsibilities and duties must 
be set out clearly to insure safety.

13
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1.4.2.

1.4.2.1.

1.4.2.2.
1.4.2.3.
1.4.2.4.

1.4.2.5.

1.4.2.6.

1.4.2.7.

R espon sib ility  o f  th e  au thority  in  ch arg e  o f  th e  in stallation . The 
authority in charge of the installation is customarily held respon
sible for the radiological safety of both the workers and the 
general public. To meet those responsibilities it should ensure that 
the following action is taken:
Health and safety rules (in conform ity with this Manual) should 
be prepared for the areas in which radioactive m aterial is to be 
handled.
All necessary operating instructions should be provided. 
Su itable  installation and equipment should be provided. 
Provision should be made for the necessary medical supervision 
of the workers and for a suitable medical casualty service.
Only persons who are medically suitable and adequately trained 
or experienced should be allowed to work with radioactive 
material.
All workers liable to exposure to ionizing radiation in the course 
of their work should be instructed about the health hazards 
involved in their duties.
Suitable training w ith reference to health and safety should be 
provided for all staff.
A person technically qualified to advise on all points of radiation 
safety should be employed or otherwise provided. In  this Manual 
he will be referred to as the “radiological health and safety 
officer” although various titles are customary in different 
countries.
The authority in charge of the installation should consult this 
person on all points of radiation safety.
Appropriate measures should be taken to insure that all persons 
who may be exposed to radiation hazards know his name and how 
to get in touch with him. Any necessary alternates should be 
provided.
D uties o f  th e  rad io log ica l h ea lth  and  sa fe ty  o ff ic e r .  The radio
logical health and safety officer’s duties will vary somewhat 
according to the organizational structure of the group with which 
he is working and the degree of hazard presented by the class of 
work undertaken. In general he will assist the authority in charge 
to carry out the la tter’s responsibilities for radiation protection. 
In carrying out his duties, the radiological health and safety 
officer should call for advice or help upon professionally com
petent persons whenever necessary.
His work will usually include the following duties:

14
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I.4.3.2.

1.4.3.3.

1.4.3.4.

1.4.3.5.

1.4.3.6.

1.4.3.7.

1.4.3.8.

Any necessary administrative, technical and medical instructions 
concerning the radiation hazards and safe working practices 
relevant to the nature of the installation and work should be 
provided for all employees whose duties involve the handling of 
radioactive m aterial and to all other employees who are not 
regularly employed in such work but who may occasionally be 
exposed to radiation and radioactive m aterial. These instructions 
should be written, understandable, practicable and, whenever 
possible, posted up.
A ll persons working with radioactive m aterials should be in
structed in the use of all necessary safeguards and procedures 
and all visitors should be informed of pertinent precautions to 
be taken. They should be supplied with such auxiliary devices 
as may be necessary for protection. The radiological health and 
safety officer should insure that every visitor has a proper 
authorization and should recommend that no unnecessary visit 
be made.
Radioactive m aterial (including that in patients, animals and 
equipment) should be prevented from leaving the jurisdiction of 
the authority in charge under circum stances that may subject 
other persons to radiation in excess of the lim its prescribed by 
the competent authority. The radiological health and safety 
officer should ensure that the proper arrangem ents for safe waste 
disposal are made.
Measures should be taken to insure that no area, whether inside 
or outside the installation, is subject to radiation levels or con
centrations of radioactive m aterial exceeding the maximum per
missible levels indicated by the competent authority for an area 
of the type concerned.
The appropriate authorities (e.g. the fire department) should be 
notified of the existence of any conditions or situations that, while 
not normally considered a radiation hazard, may become a hazard 
in special or unusual circumstances.

Measures should be taken to insure that no modification of 
equipment or installations which might lead to unforeseen 
radiation hazards is made without the provision of appropriate 
safeguards.

Measures should be taken to insure that no radioactive m aterial is 
dealt with by unauthorized persons in the installation.
Measures should be taken to insure, by the provision of suitable 
alternates or by other means, that necessary advice is available

15
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1.4.3.9.
1.4.3.10.

1.4.4.
1.4.4.1.
1.4.4.2.

1.4.4.3.
1.4.4.4.

1.4.4.5.

1.4.4.6.

1.5.

1.5.1.
1.5.1.1.

1.5.1.2.

1.5.1.3.

1.5.1.4.
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at all times in case of an emergency and that the particular safety 
measures to be taken in such cases are provided for.
I t  should be established that suitable records are kept.
I t  should be established that the necessary tasks of monitoring, 
medical supervision and protection measures are carried out and 
properly co-ordinated.
D uties o f  th e  w o rk er
The worker should know the operating instructions provided.
He should be fam iliar with and should observe the health and 
safety rules for his area.
The safety equipment provided should be used properly.
He should protect both him self and others by acting carefully 
and working safely.
Any accident or unusual incident or any personal injury, how
ever slight, should be reported.
W orkers exposed to radiation hazards should immediately report 
any significant ailm ent and any suspected overexposure to 
external radiation, or any suspected introduction of radioactive 
m aterial into their systems.

M EDICAL SU PERVISIO N  OF W O RKERS 

G en era l con sideration s
The medical supervision of persons employed in radiation work 
should be based on the experience that in any properly run 
radiation laboratory radiation accidents will be secondary to 
ordinary industrial accidents. Pre-em ploym ent and routine 
medical examinations should be prim arily those desirable in good 
industrial medical practice, but certain medical requirements 
are specific to radiation work and should supplement regular 
industrial medical practice. Opportunities for observation of 
genuine symptoms of radiation injuries will be extrem ely rare 
unless very bad working conditions prevail. Undesirable working 
conditions may be present to a considerable degree before any 
clinical symptoms of radiation damage appear.
Young persons should not be occupationally exposed to radiation. 
In many countries the minimum age is eighteen years.
Special attention should be directed toward protecting women of 
reproductive age.
I f  X -ra y  exam inations are carried out, care should be taken to 
keep the exposure entailed to a minimum.
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1.5.2.

1.5.2.1.

1.5.2.2.

1.5.2.3.

1.5.2.4.

1.5.3.

1.5.3.1.

1.5.3.2.

1.5.3.3.

M edical exam in ation s b e fo r e  em p loym en t

No persons should be employed on work entailing a possible 
radiation hazard unless within the period of two months preceding 
his first employment on that work he has undergone a medical 
examination.

I t  is recommended that this medical exam ination on recruitm ent 
should include the following:
A complete medical exam ination of the kind normally given on 
recruitm ent, including a personal history, covering family, 
medical and occupational background, and the usual clinical 
tests; and

Special investigations of those organs and functions which are 
regarded as particularly vulnerable to radiation hazards in the 
light of the class of work undertaken, e.g. by means of haema- 
tological, dermatological, ophthalmological, pulmonary, gynae
cological or neurological examinations.

M edical exam in ation s during em p loym en t
All persons employed in work involving radiation hazards should 
undergo medical examinations.
The routine examinations should be carried out every twelve 
months, or such other period as the competent authority may 
require. They should include the general examinations practised 
in industrial medicine and also special examinations desirable 
because of the hazards of external radiation and contamination 
in each particular case. The special examinations referred to in
1.5.2.4. should be carried out at appropriate intervals. In the case 
of suspected over-exposure or internal contamination, the 
physician should specify any required programme of exam i
nations.

In cases of internal radioactive contamination, the radiotoxi- 
cological examinations yield information on the nature and 
extent of such contamination by means of measurements and 
analyses carried out directly on the organism and indirectly on 
the excreta (urine, faeces, exhaled air). In addition, in cases of 
inhalation of aerosols or radioactive dust or gases, the examination 
of the lungs should include the investigation of combined m echan
ical, chemical or radioactive effects.

In the case of workers handling unsealed radioactive isotopes, 
tests are useful from time to time to determine the total body 
burden; in many cases monitoring the excreta (more particularly
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the urine, or, in the case of radium, the radon in the breath) will 
perm it an assessment of the body burden.
In  certain circumstances, a more elaborate test can be adopted 
to determine the body burden by measuring the gamma-radiation 
(or bremsstrahlung) emitted by the body. I f  it is possible to 
measure such a body burden, the dose of radiation received should 
be estimated and noted on the personnel record and taken into 
account by the physician.

1.5.4. M edical casu alty  serv ice

1.5.4.1. The form of medical casualty service provided will depend on 
the availability of medical staff within the establishment.

1.5.4.2. F irst-aid  advice and equipment should be immediately available 
throughout the working area. The scope of the first-aid  treatm ent 
attempted should be based on medical advice.

1.5.4.3. The arrangem ents for referring casualties and personnel con
tamination problems to medical services at an appropriate stage 
should be clearly laid down and known to the persons concerned.

1.6. DETERM INATION O F RADIATION EXPO SU R E OF
PERSONNEL

1.6.1. G en era l con sideration s
The essential aim of radiological protection is to prevent injury 
from  ionizing radiation. Its  basis is respect for the recommended 
maximum permissible doses, but it also calls for systematic 
observation, to detect any irradiation or irradiation effect. This 
observation must include both physical and medical control. 
Symptoms following irradiation are at present detectable only 
for relatively high doses. This lack of sensitivity in the clinical 
exam ination is aggravated by the lack of specificity of the injuries 
observed, and the often considerable latent time between 
irradiation and the m anifestation of its effects. This in no way 
reduces the necessity for system atic medical examinations to
detect any radiation-induced effects, but makes it essential to
complement them by rigorous control of the doses received. 
Present physical or radiochemical techniques permit the measure
ment of very low radiation doses and quantities of radioelements. 
This sensitivity is very helpful, as it permits the detection of 
irradiations considerably lower than those considered permissible. 
The methodical application of these techniques should therefore 
be regarded as essential. These techniques may be classified as 
follows:
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1.6.1.1. P erson n el m on itoring
(a) E x tern a l rad ia tion  m on itorin g , in which radiation measuring 

devices are worn by the worker;
(b) In tern a l con tam in ation  m onitoring, in which suitable instru

ments may be used, or the body wastes may be sampled and 
analysed, to determine the presence and quantity of radioactive 
m aterial within the body.

1.6.1.2. A rea  m on itorin g
The determination of radiation levels and air contamination in 
the working area.
(a) M easu rem en t  by tne use of radiation measuring instruments 

and devices;
(b) C alcu lation  based on the amount of radioactive material 

present, its form and the nature of the processes in which the 
workers will be exposed.

1.6.2. D eterm in ation  by  p erson n el m on itoring

1.6.2.1. M onitoring fo r  ex tern a l rad ia tion  ex p osu re w ith  p erson n el  
d osim eters
This simple and convenient method should be used for the 
measurement of external radiation exposure of all workers in 
the controlled area.
The preferred device is the film  dosimeter, which permits 
measurement of the accumulated external radiation exposure 
over a period. This film  also provides a permanent means of 
checking the accumulated external radiation exposure record 
which should be kept for each individual. Sim ilar film, dosimeters 
should be used on the hands, wrists or other extrem ities when 
these are exposed to higher radiation fields than is the trunk of 
the body.
Pocket ionization chambers, luminescent individual radiation 
detectors and thim ble chambers supplement the above film 
dosimeters and are particularly useful where an immediate and 
sensitive m easurement is needed in connexion with a specific task. 
In  the use of both film  dosimeters and ionization chambers for 
personnel monitoring, serious errors may occur unless standard 
procedures are adopted.

1.6.2.2. M onitoring fo r  in tern a l con tam in ation
The difficulties of this form of monitoring are very real because 
of the complicated and specialized nature of the techniques 
involved. In the case of monitoring body wastes by radiochemical 
analysis, there are further difficulties in interpreting the results.
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(a) M onitoring by  instrum ents
Whole-body or gamma-spectrometry radiation detectors may 
be used to determine the presence and quantity of radioactive 
m aterial in the body. However, these instruments are expen
sive and their operation and the interpretation of the results 
are very specialized tasks. It  is unlikely that small users would 
have such instruments, though in special cases the use of 
such instrum ents in the possession of other institutions could 
be arranged.

(b) M onitoring by  analysis o f  bod y  w astes
A routine programme of urine analysis should be drawn up 
for workers exposed to the possibility of significant internal 
contamination. The frequency of urine sampling should be 
determined on the basis of an appraisal of the nature and 
quantity of the isotopes involved and the operations necessary 
in the particular process.
In the event of suspected internal contamination, if  appro
priate, a special series of samples should be collected and 
analysed. The biological half-life  and the period of body 
retention should be borne in mind in scheduling these samples. 
W here appropriate, urine analysis should be supplemented by 
faecal analysis, nose swabbing, examination of stomach 
washings and radon breath tests.

1.6.3. D eterm in ation  by  a r e a  m onitoring

1.6.3.1. M onitoring by  instrum ents
The use of ionization chambers, pocket ionization chambers and 
film  dosimeters exposed under conditions sim ilar to those in 
which the workers will be exposed enable the dose to an 
individual over any particular time to be inferred.
Measurements of contamination present in the air or drinking 
water can be used to estimate possible body uptake. However 
considerable errors will occur, especially if the measurements 
are not representative because of the presence of particles of 
high specific activity.

1.6.3.2. M onitoring by  ca lcu lation
A knowledge of the total quantity of radioactive m aterial present, 
the nature of that material, the processes and the working con
ditions in a laboratory enables the possible exposure of personnel 
to be estimated. However, such estimates call for considerable 
experience and technical skill.
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1.7. MONITORING

In addition to personnel monitoring to determine the exposure 
history of individuals, general area monitoring is carried out to 
determine the need for protective action. Monitoring should be 
done periodically or continuously with due regard to the external 
and internal radiation hazards for the purpose of determining the 
possibility of exposure of persons, workplaces and articles.

1.7.1. M onitoring o f  rad ia tion  from, ex tern a l sou rces
1.7.1.1. All places around radioactive sources emitting penetrating 

radiation where persons can be exposed to radiation, not neglect
ing adjoining rooms or places outside the building, should be 
monitored for radiation. This should be done before starting a 
project, after any significant modification of the set-up and also 
periodically during operation.

1.7.1.2. Portable ionization chambers, pocket ionization chambers, Geiger- 
M tiller counters, scintillation counters and in some cases film 
dosimeters may be used. All instruments used for monitoring 
should be calibrated and checked regularly, for which purpose a 
radiation standard should be available. Duplication of instruments 
is desirable in some cases.

1.7.2. M onitoring o f  con tam in ation  on  su r faces  o f  room s and  equ ipm en t
1.7.2.1. Everything used for work with radioactive m aterials may be 

subject to wide-spread contamination. This includes surfaces of 
working places, walls of fume hoods or glove boxes, floors or 
walls of working rooms, clothing, equipment, etc.
Contamination by radioactive substances of working surfaces, 
clothing and equipment can be a hazard to health and also may 
interfere with the work being carried out.

1.7.2.2. I t  is not yet possible to recommend definite permissible levels 
for surface contamination and contamination of clothing and 
equipment. However, the inexperienced user may adopt any one 
of a number of proposed levels accepted in certain countries. A 
number of such currently used standards are given in Appendix II. 
I f  it is known that contamination is permanently fixed, monitoring 
can be based on the consideration of permissible external 
radiation levels.

1.7.2.3. I t  is necessary to carry out a system atic monitoring of con
tamination of all areas and equipment that have been in contact 
w ith radioactive m aterials. Such monitoring must be performed 
at least when the work has been completed, but, if necessary, 
also several times during the work.
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1.7.2.4.

1.7.2.5.

1.7.2.6.

1.7.3.
1.7.3.1.

1.7.3.2.

1.7.3.3.

1.7.3.4.

1.7.3.5.

1.7.4.

1.7.4.1.

1.7.4.2.

1.7.5. 
1.7.5.1.

Monitoring should be performed both with the help of dosimetric 
instrum ents and by smear tests. Thin-windowed Geiger-M iiller 
counters are suitable for examining the smear samples taken; 
the presence of alpha-em itters may make an alpha scintillation 
monitor or equivalent device desirable.

When alpha- or soft-beta-em itters are used, the walls of beakers, 
bottles, pipettes, etc., may absorb most of the radiation, so that, 
monitoring only the outside of these containers might be 
insufficient.

Experim ental animals, their excreta and the premises, cages, etc., 
where they are kept should be monitored.
M onitoring o f  a ir  con tam in ation
In  cases where radioactive aerosols, gases, powders or dusts are 
handled or produced the air must be monitored for contamination.
A reliable system of monitoring of the air after filtering, before 
releasing it into the open, should be employed in cases where the 
activity released might exceed the levels set for such outside 
places by the competent authority.
For monitoring aerosols, the airborne substances are deposited 
by electrostatic precipitation, impactors or filtration.

Some radioactive gases can only be monitored after collection by 
chemical or other means.

I t  w ill often be desirable to identify the radioactive contamination 
by radiochemical analysis or physical means.
M onitoring o f  w a ter  con tam in ation

Sim ple monitoring methods (e.g. dipping a G eiger-M iiller counter 
or scintillation counter into the water) in many cases will prove 
to be unsatisfactory and a more elaborate procedure for moni
toring will have to be used.
A reliable assessment of the contamination of waters to be 
released to public drains or sewers in accordance with 8.3.2. is 
necessary. Sampling may prove necessary, in which case the 
radioactive substances dissolved may need to be concentrated 
(e.g. by ion exchange or evaporation) before activity measure
ments can be carried out.
M onitoring o f  sk in  an d  cloth ing
Hands, clothing and particularly shoes should always be monitored 
when working with unsealed sources. No person should leave 
the working place (room) without checking for contamination.
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1.7.5.2.

1.7.5.3.

1. 8. 

1. 8. 1. 

1. 8. 1. 1.

1.8.1.2.

1.8.2.
1.8.2.1.

Monitoring for contamination of the skin and clothing should be 
performed by appropriate means. A thin-window Geiger-M iiller 
counter may be sufficient in many cases. When alpha con
tamination may occur independently of beta and gamma radiation, 
an alpha-selective monitor should also be provided.
A number of currently used standards for permissible levels of 
skin and clothing contamination are given in Appendix II.

RECORDS 

P erson a l h istory
A health record, in a form to be approved by the competent 
authority, should be kept for every worker exposed to ionizing 
radiation. Such records should contain relevant data and infor
mation on:
(a) The nature of the work involving radiation and the type of 

radiation involved;
(b) The extent to which the individual has been, or may have 

been, exposed to radiation, as determined by various individual 
or collective monitoring methods. In particular the accu
mulated dose of radiation received should be regularly 
computed; and

(c) Any results available from medical examinations.
These records should be in such form that they can be used for 
statistics on an internal, national or international basis.
A rea  m on itorin g  resu lts
Perm anent records should be kept of the results of all area 
monitoring and of significant events concerning radiation pro
tection. I t  is suggested that a w orking-area log-book be kept. 
Such records w ill usually constitute the only source to consult 
for the data needed in investigations.
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2. S E A L E D  S O U R C E S
2.1. CHOICE AND DESIGN OF SEALED  SOURCES

2.1.1. A source used to produce a radiation field should be sealed in 
a suitable container or prepared in a form providing equivalent 
protection against mechanical disruption. The following character
istics are desirable consistent with the work being carried out:

2.1.1.1. The activity of the source used should be as low as possible.
2.1.1.2. The energy or penetrating power of the emitted radiation should 

not be greater than that necessary to accomplish the task with 
a minimum total exposure.

2.1.1.3. I f  possible, the radioactive m aterial in the source should be of 
low toxicity and in such chemical and physical form as to minimize 
dispersion and ingestion in the event of the container being broken.

2.1.2. Sealed sources should be permanently marked to permit 
individual identification and to facilitate determination of the 
nature and quantity of radioactivity without undue exposure of 
the worker.

2.1.3. Sealed sources or appropriate containers should be regularly 
exam ined for contamination or leakage (smear tests and/or 
electrostatic collection may be used). The interval between 
exam inations should be determined by the nature of the source 
in question.

2.1.4. M echanically damaged or corroded sources should not be used 
and should immediately be placed in sealed containers. They 
should be repaired only by a technically skilled person using 
suitable facilities.

2.2. METHODS OF USE OF SOURCES
2.2.1. Sources should always be handled in sucfr a way that proper 

location is possible at all times. Inventories should be kept.
2.2.2. I f  any person has reason to believe that a source has been lost 

or mislaid, he should notify the radiological health and safety 
officer immediately.
I f  the loss is confirmed, the competent authority should be 
notified without delay.

2.2.3. Sources should be handled in such a way that the radiation dose 
to personnel is reduced to a minimum by such methods as 
shielding, distance and limited working time.

2.2.4. Sources should be handled in such a way as to avoid hazards to 
all personnel, including those not involved in the operations.
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2 .2 .6 .

2.2.7.

2.2.8. 

2.2.9.

2.3.

2.3.1.
2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

Attention should be paid to people in ad jacent areas, including 
rooms above and below. Areas subject to high radiation levels 
should be clearly marked and, i f  necessary, roped off.
Beam s of radiation arising from a partially shielded source should 
be clearly indicated. Care should be taken to insure that such a 
beam is stopped at the minimum practical distance by suitable 
absorbing m aterial. Monitoring procedures should be planned to 
take into account the sharp collimation of radiation fields which 
may occur.
When practical, sealed sources should be used in enclosed 
installations from which all persons are excluded during 
irradiation.
Sources should not be touched by hand. Appropriate tools should 
be used, for instance, long-handled light-w eight forceps with a 
firm  grip. I f  needed, even more elaborate means of protection 
have to be considered, such as m aster-slave m an ipu lation , etc.

W ork with radioactive m aterials should be planned to permit as 
short an exposure as possible. The extent of protection provided 
by limiting working tim e can easily be lost if unexpected 
difficulties occur in the work, so that dummy runs should pref
erably be performed whenever it is possible.

Although work should be planned to lim it exposure time to a 
safe figure, if sufficient shielding cannot be provided and the 
time of exposure must be controlled, this should be carried out 
in a system atic way, preferably with time-keeping and warning 
services outside the responsibility of the actual worker.

SHIELDING

Adequate shielding should be provided.

For beta rays the eyes, face and body can be protected by 
transparent plates of moderate thickness.
For gamma rays the head and body may be protected by screens 
of adequate shielding effect for the source in question.
In addition to shielding for direct radiation, shielding may be 
necessary to give adequate protection against the backscattering 
from the floor and ceiling (proper care should be taken against 
direct radiation through the supporting structure).
B ricks used for shielding sources should overlap to prevent 
penetration of the radiation at the joints:
Shielding should, as far as possible, be near the source.
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2.3.7.

2.4.

2.4.1.

2.4.1.1.

2.4.1.2.

2.4.1.3.

2.4.1.4.

2.4.1.5.

2.4.1.6.

2.4.1.7.

2.4.1.8.

2.4.2.

2.4.2.1.

2.4.2.2.

As there are many possibilities for error in shielding calculation 
the adequacy of shielding should always be tested by direct 
measurements.

SPEC IA L U SES OF SEALED SOURCES

L a rg e  sources and te le th erap y  in sta llation s in  m ed ica l 
d ep artm en ts
As far as practicable, high-intensity ionizing radiations should 
be used only within enclosures set apart for the purpose and 
providing adequate protection under all operating conditions 
against the useful beam, leakage and scattered radiations for all 
persons outside the enclosures.
Shielding should be adequate to protect persons in  neighbouring 
rooms and on adjacent floors. The shielding m aterial should not 
lose its effectiveness through creeping or sagging.
In the case of installations for teletherapy, the controls should 
be in a separate room or behind permanent structures.
E ffective interlocks should be provided to prevent any person 
from entering a radiation room during irradiation.
Suitable means of exit should be provided so that any person 
who might be shut in by accident can leave the enclosure without 
delay.

Teletherapy apparatus should be constructed on the “fail safe” 
principle, i.e. so that the beam is automatically cut off in case of 
any irregularity, for instance, the opening of doors during 
irradiation; the activating force should only be initiated again 
from the control panel.

Light or audible signals, or both, are recommended inside and 
outside enclosures, and also in the vicinity of installations, to 
provide warning before and during irradiation.
A radiation monitor should be provided in the teletherapy room, 
giving a warning signal if the dose-rate exceeds a pre-set level, 
to insure that the apparatus is in the “off” position.

S m all sou rces fo r  con tact an d  in ters tit ia l th erap y  in  m ed ica l 
d ep artm en ts

A special room should be provided for the “m ake-up” of sources 
or applicators, access to this room being restricted to authorized 
personnel.

Handling of sources in this room should not inadvertently expose 
people in ad jacent rooms or in rooms above or below to radiation.
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•2.4.2.3.

2.4.2.4.

2.4.2.5.

2.4.2.6.

2.4.2.7.

2.4.2.8.

2.4.3.
2.4.3.1.

2.4.3.2.

2.4.3.3.

2.4.3.4.

2.4.3.5.

2.4.3.6.

Adequate shielding and handling equipment should be used in 
the “m ake-up” of sources or applicators in order to minimize the 
radiation exposure to the personnel.
Periodic inventories should be carried out and proper records 
kept, including a record of the inserted and removed sources for 
each applicator.
When sources or applicators are used on a patient, sufficient 
protection measures should be taken to minimize the radiation 
hazards to other patients or personnel in ad jacent areas or in 
rooms above or below. In such instances movable screens could 
be used.
The fact that a patient is undergoing treatm ent by radioactive 
substances, and the precautions required, should be clearly 
indicated to all concerned in a manner approved by the responsible 
authority.

The movements of the patient undergoing treatm ent should be 
restricted according to the sources used.
A fter treatm ent the patient and the equipment should, if feasible, 
be monitored to detect any possible contamination caused by an 
undetected breakage in any of the sources or of the applicators 
used.

In du stria l gam m a rad iog rap h y
The controlled area should be clearly marked with easily 
recognizable signs. It should be made inaccessible to unauthorized 
personnel.
L ight or audible signals, or both, should be provided to give 
adequate warning before and during irradiation.
The radiographic set-up should be completed before starting the 
irradiation.
For radiography which requires the removal of the sealed source 
from its shielding container, a clearly identifiable dummy capsule 
should be used during any prelim inary adjustments that may be 
necessary.
I f  the sealed source must be handled outside the container, this 
should be done autom atically or by remote handling devices, so 
that all personnel concerned with the operation are adequately 
protected.
A radiation detection instrum ent should be used to verify that 
the radiographic source has been correctly returned to its shielding 
container at the end of radiographic exposure.
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2.4.4.

2.4.4.1.

2.4.4.2.

2.4.4.3.

2.4.4.4.

2.4.4.5.

When an industrial gamma radiography source is used away from 
the premises of normal use notices consisting of diagrams and/or 
photographs with dimensions and identifying features of the 
radioactive source and the steps to be taken by any person finding 
such a source should be prepared. These notices should be dis
played a t the area where the source is being used until its removal 
from  the area has been verified.
T h ickn ess  gauges, static  e lim in ators  and  s im ilar d ev ic es  using  
s e a led  sou rces
Radioactive m aterials used for thickness gauges, static eliminators 
and sim ilar devices should be in the form  of sealed sources con
forming to the general provisions for sealed sources.
W henever practicable, the normally unshielded portion of the 
sealed source should be protected against mechanical damage, 
and be provided with a cover plate, shutter or shield that can be 
readily secured so that the useful beam is effectively intercepted. 
W herever possible, such devices should be installed or shielded 
so as to ensure that the levels of irradiation of all persons, includ
ing those installing or maintaining the sealed source or any 
m achinery or plant in close proximity to it, should be in conform
ity with the permitted doses to the general public established 
by the competent authority (so avoiding the need for personnel 
monitoring procedures and special medical examinations).
Such devices should be conspicuously and permanently marked 
so as to warn personnel of the presence of radioactive material 
and the need to avoid unnecessary exposure.
In case of a breakage of the source, the radiological health and 
safety officer or other designated persons should be notified at 
once.
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3. U N S E A L E D  S O U R C E S

3.1. GENERAL OPERATIONS W ITH UNSEALED SO URCES

3.1.1. The provisions of sections 2.2. and 2.3. regarding protection from 
external radiation also apply to unsealed sources. With regard to 
marking, the corresponding indications should be put on 'the 
associated container of the unsealed source.

3.1.2. All operations should be planned to lim it the spread or dispersal 
of radioactive m aterial. To this end all unnecessary movement of 
persons or m aterials should be avoided.

3.1.3. Areas in which radioactive work is carried out should be 
designated, marked and monitored. At the boundaries of such 
areas monitoring and control measures should be set up if so 
required by the levels present. In  larger establishm ents such 
check points should be established not only between areas subject 
to radioactive contamination and those not, but also between 
active areas subject to different usage. In this way an accidental 
escape of radioactive m aterial is limited to a restricted local area 
and one may avoid difficult and expensive decontamination.

3.1.4. Equipment, glassware, tools and cleaning equipment for use in 
any particular active area should not be used for work in inactive 
areas and should be suitably marked. Special consideration should 
be given to avoiding contamination of m ajor items of equipment 
which might need to be transferred for economic reasons.

3.1.5. Equipment should not needlessly be brought from inactive areas 
to active ones. Contaminated equipment, etc., should not be 
released from the controlled area for repair until the level of 
activity has been reduced to the safe limits set by the radiological 
health and safety officer.

3.1.6. The use of new techniques should first be approved by the 
responsible person and be tried out with inactive m aterials or 
with m aterial of low activity before being put into operation.

3.1.7. Planning should allow adequate time for the operations required.
3.1.8. Precautions to be taken for handling unsealed sources depend on 

the degree of radiotoxicity and on the quantity of the substance 
being used. Contamination hazards such as risks from external 
contamination, skin penetration, ingestion or inhalation should be 
considered in addition to the usual radiation hazards of sealed 
sources. I t  is recommended that the radiological health and safety 
officer issue working instructions taking into account working 
conditions and acceptable risks.
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3.1.9. A radioisotope can be classified in one of the four following classes 
of radiotoxicity per unit activity:

(1) Very high radiotoxicity;
(2) High radiotoxicity;
(3) Moderate radiotoxicity;
(4) Slight radiotoxicity.

Hazards arising out of the handling of unsealed sources depend 
on such factors as the types of compound in which these isotopes 
appear, the specific activity, the volatility, the complexity of the 
procedures involved, and on the relative doses of radiation to the 
critical organs and tissues, if an accident should occur giving rise 
to skin penetration, inhalation or ingestion. Taking these factors 
into account, the broad classification is given in Tables I and II.

3.1.10. The following table gives the list of the main isotopes in each of 
the above mentioned categories:

TA BLE I

CLA SSIFIC A TIO N  O F ISO TO PES ACCORDING TO RELA TIVE 
R A D IO TO XIC ITY  PER  UNIT A C TIV ITY

(The isotopes in each class are listed in order of increasing atomic number) 

C lass 1
(very high toxicity)

S rno +  Y »», *Pb21° +  B i210 (Ra D +  E), Po210, At211, 
R a220 +  55 °/o *daughter products, Ac227, *U233, Pu239, 
•Am2" ,  Cm242.

C lass 2
(high toxicity)

Ca45, *Fe59, S r89, Y 91, R u100 +  *R h10li, * I131, *B a140 +  L a140, 
Ce144 +  *P r144, Sra1"1, *Eu154, *Tm 170, «Th234 +  *Pa234, 
*natural uranium.

C lass 3
(moderate toxicity)

*Na22, *Na24, P 3-, S 35, Cl30, *K 42, *Sc40, S c47, *Sc48, *V48, 
*MnS!, *Mn54, *MnM, Fe55, *Co58, *Co00, Ni59, *Cu04, 
*Zn65, *Ga72, *As74, *As76, *B r82, *Rb86, *Zr»5 +  *Nb95, 
*Nb95, *Mo99, Tc08, *R h105, Pd103 +  R h103, *Ag105, Ag111, 
Cd'°» +  *Ag10c, *Sn113, *T e127, *Te129, * I132, Cs137 +  *B at37, 
*L a14“, P r143, Pm 147, *Ho160, *Lu177, *T a182, *W181, *Re183, 
* Jr190 ♦Jj»192 P t161 *Au100 *Au198 *Au199 T l200
»P1202 ,p|204 * p b 203.

* Gamma-emitters.
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C lass 4
(slight toxicity)

H3, *B e7, C14, F 18, *Cr51, Ge71, *T1201.

3.1.11. The various types of laboratory or working place required are 
indicated in the following table:

TA BL E  II

Radio
toxicity of 

isotopes

Minimum
significant
quantity

(,uc)

Type of laboratory or working place required

Type C
Good chemical 

laboratory

Type B
Radioisotope

laboratory

Type A
High-level
laboratory

Very high 
High 
Moderate 
Slight

0.1
1.0

10
100

10 nc or less 
100 uc or less 

1 me or less 
10 me or less

10 j'.c — 10 me 
100 jic — 100 me 

1 me — 1 c 
10 m e— 10 c

10 me or more 
100 me or more 

1 c or more 
10 c or more

3.1.12. Modifying factors should be applied to the quantities indicated 
in the last 3 columns of Table II, according to the com plexity of 
the procedures to be followed. The following factors are suggested, 
but due regard should be paid to the circum stances affecting in
dividual cases.

P roced u re  M odify ing  fa c to r
Storage (stock so lu tion s)..........................................  X  100
Very simple wet op erations.....................................  X  10
Normal chemical o p e r a t io n s ................................ X I
Complex wet operations with risk of spills . .  ̂ X  0 1
Simple dry op eration s...............................................  j
Dry and dusty o p e r a t io n s ..........................................  X 0.01

3.1.13. As in the case of sealed sources, unsealed sources should be 
handled with equipment providing protection against external 
radiation.

3.1.14. Manipulations should be carried out over a suitable drip tray, or 
with some form of double container which will minimize the 
importance of breakages or spills. I t  is also useful to cover the 
working surfaces with absorbent material to soak up minor spills. 
The absorbent m aterial should be changed when unsuitable for 
further work and be treated as radioactive waste.

* Gamma-emitters.
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3.1.15.

3.1.16.

3.1.17.

3.2.

3.2.1.

3.2.2.
3.2.3.

3.2.4.
3.2.5.
3.2.6.

3.3.
3.3.1.
3.3.1.1.

3.3.1.2.

3.3.1.3.

3.3.I.4. 
3.3.2. 
3.3.2.1.

Shielding should be provided as near the container of radioactive 
substance as possible.
The handling tools and equipment used should be placed in non- 
porous trays and pans with absorbent disposable paper, which 
should be changed frequently. Pipettes, stirring rods and sim ilar 
equipment should never be placed directly on the bench or table. 
A fter use, all vessels and tools should be set aside for special 
attention when cleaning.

CHOICE OF RADIOACTIVE M A TERIA L AND SU ITA BLE 
PRO C ESSES
When a choice between several isotopes of varying toxicities is 
possible one of relatively low toxicity should be used.
M aterials of low specific activity should be used if possible.
The working methods should be studied and procedures adopted 
to avoid as fa r as possible the dispersal of radioactive material, 
in particular through the formation of aerosols, gases, vapours 
or dusts.
W et operations should be used in preference to dry ones. 
Frequent transfers should be avoided.
The quantity of radioactive substances chosen as necessary for a 
specific purpose should always be as small as possible.

CHOICE AND DESIGN OF W ORK PLA CES 
G en era l con sideration s
Special consideration should be given to the choice of fire-proof 
construction for the buildings. As a rule the selection of the site 
of premises should be such that there is small risk of landslide or 
flood.
The reservation of special working places for the handling of 
radioisotopes is recommended. This rule may be considered as 
optional for work with quantities listed in the column headed 
Type C of Table II, but it should be compulsory for work with the 
quantities listed in the columns headed Type B  and Type A of 
Table II.
As far as possible, the active areas should be planned and utilized 
in such a m anner as to separate widely the different levels of 
activity.
The radioisotope working areas should be marked.
F loors, w alls , w ork in g  su r fa ces
The floors, w alls and working surfaces should be such that they 
can easily be kept clean.
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3.3.2.2.

3.3.2.3.

3.3.2.4.

3.3.2.5.

3.3.3.

3.3.4.

3.3.5.

3.3.6.
3.3.6.1.

3.3.6.2.

For type C working places, a linoleum-covered floor and working 
surfaces covered with non-absorbent m aterial and with disposable 
covers is an example of what would be considered satisfactory. 
The working surfaces must be able to support the weight of the 
necessary shielding against gamma radiation.
For type B  working places the walls and the ceilings should be 
covered with a washable, hard, non-porous'paint; the floor with 
such m aterials as linoleum, rubber tiles or vinyl. The junction 
of floors and walls should be rounded off in order to facilitate 
cleaning. Corners, cracks and rough surfaces should be avoided. 
When the work involves gamma-em itters, the floor and working 
surfaces should be able to support the weight of the shielding. 
Type A working places should be specially designed by an expert. 
In  general, type A laboratories will use glove boxes or other 
completely enclosed systems.
W alls and floors should be free from  unnecessary obstacles and 
all unnecessary objects should be removed from the working 
surface.
Sin ks
Sinks should be provided in the working area of type B  or C 
laboratories. In general the usual type of sink, with a smooth 
white glazed finish, without blemishes, will suffice. It  is desirable 
to have the sinks connected directly to the main pipe; connections 
to open channels should be avoided, and also any unnecessary 
devices which might accumulate slime. Taps should be designed 
for operation by foot, knee, or elbow, rather than by hand. A 
suitable waste-disposal system as discussed in 8.3.2. should be 
provided.
Fu rn itu re
The furniture should be  reduced to a minimum and should be 
easily washable. Dust-collecting items such as drawers, shelves 
and hanging lamps should be as few as possible.
L ightin g
The working premises should be adequately lighted.
V entilation
Provision for adequate ventilation should be included in the 
original design of the premises.
Routes of entry and exit for the ventilating air should be clearly 
defined under all conditions of use, including open and closed 
positions of doors and windows and various operating arrangements 
of the fume hoods. In  small laboratories it may be possible to pro
vide the needed flow of air simply by the exhaust systems of the
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3.3.6.3.

3.3.6.4.

3.3.6.5.

3.4.
3.4.1.

3.4.2.

3.4.3.

3.4.4.
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fume hoods, but in such a case special attention must be given to 
inflow of fresh air into the laboratory under all conditions by such 
means as providing adequate louvres in the doors of rooms. 
Consideration should be given to any need to treat or filter incom
ing air. In  cold climates the problem of heating the intake air for 
a large group of fume hoods should not be overlooked as this may 
be a m ajor problem.
The siting of inlet and exhaust vents should be such as to prevent 
any recirculation of exhausted air. The need to filter air exhausted 
from work places and fume hoods will depend on the nature of 
the work, the position of the exhaust vent relative to the sur
roundings and the potential nuisance value of particulates settling 
in the surrounding neighbourhood.
Fum e hoods should produce a regular air flow without any eddies. 
The speed of the air flow should be such that there can be no 
escape of air into the working place from the fume hood under 
typical operating conditions, including opening of windows and 
doors and the suction of other fume hoods. This can be checked 
by smoke tests. It  is recommended that the fan be placed on the 
exhaust side of any filter in the system. The gas, w ater and 
electrical appliances should be operated from the outside of the 
fume hood. The inside of the hood and the exhaust ducts should 
be as easy to clean as possible.

PR O TEC TIV E CLOTHING
Protective clothing appropriate to the radioactive contamination 
risks should be worn by every person in the controlled area, even 
if only very small quantities of radioactive m aterials are manip
ulated.
In  type C working places the personnel should wear simple protec
tive clothing such as ordinary laboratory coats or surgical coats. 
In  type A or B  working places protective clothing or devices 
should be provided according to the nature of the work. When 
working with experim ental animals, clothing proof against teeth 
or claws may be desirable and protection of the face against blood 
or body-fluid splashings should be provided.
In type A and B  working places the protective clothing should be 
clearly identified, for example by a different colour. I t  should 
not, in any case, be worn outside the controlled area.
The working clothes and street clothes should be kept in separate 
cubicles or changing rooms. When changing from one to the other, 
one should be careful to avoid cross-contamination risks.
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3.4.5.

3.4.6.

3.4.7.
3.4.8.

3.5.

3.5.1.

3.5.2.
3.5.3.

3.5.4.

3.5.5.

3.5.6.

3.5.7.

Rubber gloves should be worn when working with unsealed 
radioactive substances. Rubber gloves are provided to protect 
against contamination of the skin and are of no value for protec
tion from penetrating radiation.
Care should be taken to avoid needless contamination of objects 
by handling them with protective gloves, in particular light 
switches, taps, door knobs, etc. The gloves should be either taken 
off or a piece of non-contaminated m aterial (paper), which should 
be disposed of afterwards with the contaminated residue, should 
be interposed.
Contaminated gloves should be washed before taking them off. 
A method of putting on and removing rubber gloves without 
contaminating the inside of the gloves should be used. This pro
cedure is such that the inside of the glove is not touched by the 
outside, nor is any part of the outside allowed to come in contact 
with the bare skin. It  is desirable to use gloves for which the inside 
and outside are distinguishable.

PERSON AL PRO TEC TIV E M EA SURES

No unsealed radioactive sources should be manipulated with the 
unprotected hand.
No solution should be pipetted by mouth in any isotope laboratory. 
I t  is recommended that special precautions be taken to avoid 
punctures or cuts, specially when manipulating the more 
dangerous radioisotopes.
Anyone who has an open skin wound below the wrist (protected 
by a bandage or not) should not work with radioactive isotopes 
without medical approval.
The use of containers, glassware, etc., with cutting edges should 
be avoided.
Care should be taken with contaminated animals to avoid bites 
or scratches.
Glass-blowing by mouth should be avoided in places where 
unsealed radioactive substances are utilized. Glass-blowing, 
welding, brazing, soldering, etc., should never be permitted on 
equipment contaminated with radioactive m aterials unless it is 
done in specially ventilated facilities, and unless special tech
niques are used to prevent the inhalation of radioactive dust and 
fumes.
Only self-adhesive labels should be used in controlled areas. 
Labels that must be wetted should be avoided.
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3.5.10.

3.5.11.

3.5.12.

3.6.

3.6.1.

3.6.2.

3.6.3.

3.6.4.

3.6.5.
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The following should not be introduced or used in working places 
containing unsealed sources:
Food or beverages (where necessary, drinking fountains should 
be provided in the vicinity).
Smoking items or snuff tobacco.
Handbags.
Lipsticks and other cosmetics, or items used to apply them. 
Handkerchiefs, other than those mentioned below.
Utensils for eating or drinking.
Disposable paper towels and paper handkerchiefs or the equiv
alent should be provided for the workers. Special containers 
should be placed in the working places, in which these towels and 
liandkerchiefs should be thrown after use. These should be 
treated as radioactive residue.
Hands should be washed thoroughly before leaving the controlled 
area (special attention should be given to the nails, in between 
fingers and outer edges of the hands).
Showers should be taken when recommended by the radiological 
health and safety officer. Monitoring of hands, shoes and street 
clothing, if worn at work, may also be necessary before leaving 
the controlled areas.

CONTROL OF A IR  CONTAMINATION

Radioactive contamination of the air of the working places should 
be reduced as much as possible. All operations likely to produce 
radioactive contamination of the air through the production of 
aerosols (in particular the heating of radioactive solutions), smoke 
or vapours should be done in an air-tight enclosure kept below 
atmospheric pressure (glove box) or in a fume hood.
The aim should be to improve collective protection, and so avoid 
resort to individual protection like respirators, compressed air 
masks, frog suits, etc. Conditions which require extended use 
of respirators should be discouraged.
When the contamination level cannot be maintained below the 
levels set out by the radiological health and safety officer, 
individual protection against contamination must be furnished 
to the people using the working places.
Respirators should be of a form approved by a recognized testing 
laboratory for the class of service required, and the practical safe 
lim its of use should be known and observed.
Respirators should be capable of standing up to the conditions 
of use and should be checked and tested periodically.
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3.6.6.

3.6.7.

3.6.8.

3.7.

3.7.1.

3.7.1.1.

3.7.1.2.

3 7.1.3.

3.7.2.

3.7.2.1.

3.7.2.2.

3.7.2.3.

Respirators should be individually fitted and tested for tightness 
of fit by attempting to breathe with the inlet closed off.

Users of respirators must accustom themselves to the discipline 
necessary in their use, otherwise more harm  than good is likely 
to be done by introducing contamination under the face-piece.

In  difficult cases when, the use of respirators would not give 
adequate safety (for instance with radioactive gases), airline 
hoods may provide the only reliable form of protection. In such 
cases attention should be given to the purity of the air and its 
proper supply.

SPEC IA L  U SES OF UNSEALED SOURCES

In sta lla tion s fo r  th e  pu m ping o f  rad on  or  th oron

The installation should be in special rooms or preferably in a 
separate building. The solution of radium or other source m aterial 
should be in a safe with proper shielding in a separate room. This 
should be connected through tubing with the pumping apparatus 
in an adjoining room.

The filling of the glass capillaries or gold seeds with radon should 
be performed before appreciable quantities of decay products 
have been formed.

All rooms where the work with radon is performed should be 
efficiently ventilated.

Lum in izing in volv in g  app lica tion  o f  rad iu m  or s im ilar  dan gerou s  
iso top es  to  su r faces
T he following recommendations include extracts from the In ter
national Labour Organisation’s relevant provisions on ionizing 
radiations. They should prove helpful in any sim ilar type of work 
with the more hazardous isotopes.
Luminizing, whether by hand or by machine, should be done 
only within workplaces of a standard not lower than type B.
The provisions relating to wall and floor coverings, covering of 
working surfaces, ventilating systems, prohibition of eating, 
drinking, smoking, snuff-taking and use of cosmetics, storage of 
sources and treatm ent of radioactive residues should, however, 
be those appropriate to type A workplaces or a high standard 
of type B .

Glove boxes or sim ilar arrangements should be used wherever 
practicable for the application of luminous compound.
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3.7.2.4.

3.7.2.o.

3.7.2.6.

3.7.2.7.

3.7.2.8.

3.7.2.9.

3.7.2.10.

3.7.2.11.

3.7.2.12.

3.7.2.13.
3.7.2.14.

3.7.2.15.

W here the equipment referred to in the preceding paragraph 
cannot be used, additional protective clothing including washable 
aprons and bibs of rubber or other waterproof m aterials should 
be provided and used.

Such additional protective clothing should be cleaned daily by 
a w et method.
Operations with dry luminous compound, such as filling glass 
capillary tubes or weighing out, should only be performed within 
glove boxes or sim ilar arrangements.
Luminized work awaiting drying, or completed, should not be 
allowed to accumulate on or near luminizers’ work benches, but 
should be removed at frequent intervals to a place of storage 
affording adequate protection (see 4.: storage of sources).

Every store or receptacle used for drying luminous compound 
should be:
Not less than 3 meters from any working place;
Enclosed as fa r as practicable; and
Effectively ventilated to the open air so that gases or vapours from 
the stove or receptacle do not contaminate the atmosphere of an 
occupied area.

Instrum ents for the application of luminous compound should 
on no account be  put in the mouth or in contact with the skin.
The use of brushes for the application of luminous compound 
should be discouraged.

Suitable receptacles for luminous compound should be provided 
for the use of persons handling such compound, and should be 
constructed so as to lim it exposure to beta and gamma radiation 
and prevent contamination of the hand.
A survey by means of ultra-violet light or by a suitable radiation 
monitor should be carried out at least once a month in every work
room in which persons are employed on processes involving the 
use of luminous compound, for the purpose of detecting areas of 
radioactive contamination.
Any such area should be cleaned forthw ith by a wet method.
Luminizing machines should be so constructed as to afford 
adequate protection.
No person should otherwise than by a wet method or within a 
glove box:
Remove waste m aterial containing luminous compound from 
applicators or other tools;
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3.7.2.16.

3.7.3.

3.7.3.1.

3.7.3.2.

3.7.3.3.

3.7.3.4.

3.7.3.5.

Remove luminous compound from the surface of any other article 
or from glass tubing; or
Clean contaminated luminizing machine parts.
W aste m aterial arising from luminizing should be disposed of in 
accordance with the recommendations for radioactive waste 
disposal.
M edical u ses o f  u n sea led  sou rces
In the medical use of unsealed radioactive sources additional 
difficulties arise through the fact that the radiation protection 
measures must be observed together with the usual clinical 
regulations for laboratories, operating theatres and patients’ 
wards. Furtherm ore, protection against radiation, not only of the 
personnel but also of other patients, must be assured. On the other 
hand, the medical work is usually limited to a small number of 
radioisotopes and for each single treatm ent activities of 100 me are 
seldom exceeded. The purely medical problems in the diagnostic 
and therapeutic use of isotopes do not fall within the scope of this 
Manual. Unsealed sources should not be used unless any require
ments set out by competent authorities for rooms, personnel and 
instrum ents are met.

For radioisotopes used only for diagnostic and tracer studies, 
laboratories of type C are sufficient.
For the therapeutic use of isotopes, the following should be 
provided;
1. Laboratories of type B  to prepare the isotopes for medical 

treatment.
2. Additional rooms for administering the treatm ent itself.
3. Wards for the patients who have been treated with isotopes. 
For special cases Table I I  in 3.1.11. may be consulted whereby the 
modifying factors for “Complex wet operations w ith risks of 
spills” (3.1.12.) should be applied.
I t  is recommended that these rooms should be close together and, 
if possible, isolated from the'o ther sections of the hospital; they 
should be regarded as a “controlled area”.

A patient treated with radioactive isotopes is to be regarded as a 
source of radiation and of contamination from  which the personnel 
as well as the other patients may need to be protected.
Special attention should be given to the proper instruction and 
protection of patients’ attendants, since their duties involve par
ticular risks of contamination and irradiation. Unnecessary loiter
ing of attendants near the patients’ beds should be avoided.
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3.7.3.6.

3.7.3.7.

3.7.3.8.

3.7.3.9.

3.7.3.10.

3.7.4.
3.7.4.1.

3.7.4.2.

3.7.4.3.

3.7.4.4.

3.7.4.5.

3.7.4.6.

3.7.4.7.

3.7.4.8.

3.7.4.9.

The recommendations of section 3.1. w ith respect to general 
operations with unsealed sources should be followed. Special 
techniques with the medical instruments, e. g. syringes, may be 
necessary.
The quantity of radioactive m aterial on hand within the treatm ent 
room should so far as possible be limited to that required for 
actual administration, since this w ill make it possible to relax 
many of the safety requirements.
Contaminated instruments, vessels, linen, etc., should be decon
taminated according to the rules of section 7.2.
The excreta of internally treated patients should be treated as 
radioactive waste.
The movements of the patient undergoing treatm ent should be 
restricted according to the potential hazard he may represent. 
R ad ioact iv e  iso top es in  an im al ex p erim en ts  
The general provisions of preceding sections for work with 
unsealed sources should be followed.
However, the unwarranted spread of contamination by animals 
or from animal excreta requires special consideration in the 
design of cages and rooms.
E xcreta, body constituents from biopsies and autopsies and animal 
cadavers should be treated as radioactive wastes. Possible hazards 
of spread of contamination through the decomposition process 
should t e  prevented, e .g . by deep freezing, use of disinfectants, 
sealed plastic containers, etc.
Special provisions for the collection of excreta and decontami
nation of cages should be made.
The radioactive animals or their cages should be marked with 
labels indicating the nature and amount of radioisotopes used and 
the time of administration.
No uncontrolled exchange of animals, instruments, cages, etc., 
between active and inactive laboratories should be allowed. 
Precautions should be taken to prevent the possibility of con
taminated wounds in the course of handling the animals and of 
contamination from radioactive aerosols or splashings produced 
by anim als’ movements, coughing, etc.
For work with radioactive animals, the modifying factor to be 
applied in Table I I  should normally be taken as 0.1.
The presence of vermin as potential vectors of contamination 
should be considered.
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4. S T O R A G E  O F  S O U R C E S

4.1. PLA CE O F STO RAGE

When not in use, radioactive sources should be kept in a place of 
storage assigned for this purpose only.

4.1.1. The place of storage should be adequately shielded.
4.1.2. Only authorized personnel should be allowed to introduce or 

remove sources into or from the place of storage, which should be 
secure against tampering.

4.1.3. The place of storage should be in a room provided with a suitable 
means of exit that can be operated from the inside.

4.1.4. The place of storage should be chosen so as to minimize risk from 
fire.

4.1.5. The places where sources are stored should be inspected regularly 
and checked for possible contamination.

4.2. CONDITIONS OF STO RAGE

4.2.1. All radioactive sources should be clearly labelled, giving infor
mation on the activity and nature. I t  may be found desirable to 
include the name of the person who is responsible for the source. 
In  the event that a number of sources are normally in use in a 
fume-hood or other working area, as for example in analytical 
work, the marking might be of a general nature to apply to the 
whole working area. Any source involving hazards greater than 
those listed in the general warning should be specially marked.

4.2.2. The containers for beta-em itting isotopes should have adequate
thickness to reduce the prim ary radiation to a safe level. Con
siderable brem sstrahlung may arise from high-intensity sources 
and additional shielding should be provided if necessary.

4.2.3. Gam m a-em itting sources should be stored in such a way as to 
lim it the radiation exposure from other sources when any one 
source is being handled.

4.2.4. When either sealed or unsealed sources are liab le to release a 
radioactive gas, their place of storage should be efficiently vented 
to the open air by m echanical means before it is opened.

4.2.5. Special equipment should be provided for storing unsealed
sources of radioactive substances to prevent not only external 
irradiation hazards, but also radioactive contamination hazards.

4.2.6. In  type C working places the sources may be stored in special 
cupboards providing adequate protection.
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4.2.7.

4.3.

4.3.1.
4.3.2.

4.3.3.
4.3.4.

4.3.5.

4.3.6.
4.3.7.

4.3.8.

4.3.9.

In  type B  working places it is better to use a special secure 
receptacle which provides adequate protection and could be ven
tilated if necessary.

STO RAGE OPERATIONS

Records should be kept of a ll stored radioactive sources.
The records should give clear information on type of source, 
activity and tim e of removal and return, and the name of the 
person responsible for the source during its absence from the 
store.
Inventories should be taken periodically.
The removal of sources from the store and the time for which 
they are removed should be checked to provide adequate control. 
Therm ally unstable solutions containing radioactive m aterials in 
n itric acid or other oxidizing solutions containing even traces of 
organic m aterial and stable solutions with alpha-activity in excess 
of 5 me or beta-activity  in excess of 50 me should always be stored 
in vented vessels.
Bottles and containers should be such as open easily.
Solutions having a high alpha-activity (in excess of 1 mc/'ml) 
should not be stored in thin-w alled glass bottles, since irradiation 
might weaken the glass. All glass vessels must be expected to fail 
without apparent cause.
Bottles containing radioactive liquids should be placed in vessels 
large enough to hold the entire contents of the bottles in case of 
breakage.
Special precautions are required when opening vessels containing 
radioactive liquids liable to catch fire, explode or froth.
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5. T R A N S P O R T A T I O N  O F  R A D I O A C T I V E  
M A T E R I A L

5.1.

5.1.1.
5.1.2.

5.1.3.

5.1.4.

5.1.5.

5.1.6.

5.1.7.

5.1.8.

5.1.9.

5.1.10.

TRANSPORTATION W ITHIN AN ESTA BLISH M EN T 

No more radioactive m aterial should be moved than is required.

Radioactive m aterials should be transported in adequately shield
ed and closed containers. The containers should be so constructed 
as to prevent accidental release of the source m aterial in case of 
upset.

If  radioactive m aterial in liquid or gaseous form, or in powder or 
other dispersible solid form, is in a shatterable container, it should 
be transported in an outer non-shatterable container. In the case 
of liquid sources, the container should be provided with absorbing 
m aterial able to retain all the liquid in case of breakage.

Suitable means should be provided for the transfer of the source 
to and from the transport container.

The transport container should be clearly marked with warning 
signs.

Containers in transit should bear a transportation tag showing 
information necessary for safety, such as:
Nature of contents 
Physical condition 
Activity in curies
Dose rate of radiation at the outer surface of the container 
Dose rate of radiation at a specified distance 
Kind of packing (when applicable).
In the case of unsealed sources, the transportation tag should, in 
addition, certify that the outsides of the container and carrier are 
free from contamination.

I t  is recommended that the transportation tag should be dispensed 
with only when the source is in the charge and under the complete 
physical control of a person who is aware of the nature of the 
radioactive m aterial and of the radiation hazards involved.

Emergency procedures should be planned to cover accidents to 
radioactive m aterial in transit.
Any loss of radioactive m aterials during transport should at once 
be reported to the radiological health and safety officer.
Suitably trained workers should be in charge of all transportation 
of hazardous quantities of radioactive material inside an establish
ment.

43

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



5.2. TRAN SPORTATION  OUTSIDE AN ESTA BLISH M EN T

5.2.1. The route and method of shipm ent* should be ascertained in
sufficient detail to permit compliance with the rules and regula
tions established by all authorities through whose charge the 
shipment * will pass. It  should not be assumed in the case of trans
shipment that, because a shipment meets the requirements of the 
initial carrier, it w ill meet all requirements.

5.2.2. The recipient should be notified about shipment and receive all
significant information in tim e to m ake any necessary prepara
tions for receiving the shipment. Such information should at least 
include the method of shipment and estimated time of arrival. The 
notification should include any special storage instructions and 
details of safe opening techniques for special shipping containers.

5.2.3. The Regulations published in the Agency’s Safety Series No. 6 t
should be followed as far as possible.

* “Shipment" is here used (in the American sense) to mean (1) transport (by any 
means) and (2) item transported (by any means), 

t  Regulations for the Safe Transport of Radioactive Materials, IAEA, Vienna, 
1961.
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6. A C C I D E N T S

6.1.2.

6 .2 .

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

6.2 .6.

6.2.7.

6 .2 .8 .

6.2.9.

6.3.
6.3.1.

6.1.

6.1.1.
ID EN TIFICA TIO N  OF ACCIDENTS

Any unplanned happening which could affect radiation safety is 
considered an accident for the purposes of this Manual.
The most essential and often the most difficult problem in coping 
with accidents is the recognition that an accident has occurred.

PRECAUTION ARY M EA SURES
All work should be carried out according to some prearranged 
plan. Any departure from the plan should be followed by a 
reassessment of the radiation hazards involved.
Appropriate accident instructions should be prepared and posted 
and the staff should thoroughly understand them.
Accident instructions should avoid any rigid restrictions on con
ditions of application. A serious situation can develop from a wide 
variety of causes ranging from a simple spread of radioactive 
contamination to such natural causes of disaster as fire, flood or 
earthquakes.
All planning of measures to be taken in case of accidents should 
give priority to human safety according to need and urgency. 
Responsibility for protecting the public must take precedence. 
The staff should be thoroughly fam iliar with the position and 
method of use of the protection and first-aid  equipment for 
emergencies. Practice drills are essential. Equipment should be 
checked regularly to ensure that it is in good working order.
The public health authorities, fire  service and other services or 
authorities (guards, police, etc.) should be kept informed of special 
radiation hazards and of the radiation safety measures to be taken. 
No person should undertake dangerous work without someone 
standing by who can assist in case of trouble:
Emergency facilities and staff should be available when work is 
being carried out with unsealed sources requiring the use of type 
A or B working places.
F irst-aid  measures in conformity with medical advice should be 
available.

ACTIONS COMMON TO ALL ACCIDENTS 
The control of measures for dealing with any accident should be 
the responsibility of one individual. The individual concerned or 
his alternates should be clearly indicated in the accident instruc
tions and should be available to all concerned.
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6.3.2.

6.3.3.

6.4.

6.4.1.

6.4.2.

6.4.3.

All accidents should be fully reported. This report may have an 
important bearing on staff health and legal responsibilities and 
may assist the radiological health and safety officer in making a 
detailed study with a view to avoiding sim ilar accidents in the 
future.

All accidents should be investigated and appropriate measures 
should be taken to prevent repetition of the accident.

ACCIDENTS INVOLVING RADIOACTIVE CONTAMINATION

Radioactive m aterials may be accidentally released by a spill, by 
a failure of equipment or by rupture of a sealed source. The 
actions which may be appropriate to prevent widespread contam
ination and exposure of personnel in such a case, and the order 
in which such actions should be taken, will depend upon the 
circum stances involved. For example, in the case of a small spill 
of liquid it may be desirable to contain and clean up the contam
ination immediately without severely affecting the routine 
activities in the room in which the spill occurs. However, the 
release of a relatively large quantity of a radioactive powder or 
aerosol in a room will require immediate action to contain the 
contamination in the room and evacuation of the room by all 
personnel, followed by elaborate monitoring and decontami
nation procedures. Actions frequently desirable in cases of 
accidental releases of radioactivity are listed below. Although 
some effort is made to list these actions in the approximate order 
in which they are likely to be appropriate, some of these actions 
will be appropriate only in cases of large releases or under special 
conditions.

Persons in the vicinity of the spill or release who are liable to 
either external or internal contamination as a result of the acci
dent should be given appropriate information immediately.

The protection of personnel and the containment of the radio
active m aterial in the room in which the accident occurred should 
be given primary consideration. I f  the spill or release is of such 
a nature that, in the judgement of the person immediately respon
sible for the work, it is advantageous to take immediate action to 
contain the m aterial or lim it its release, such action may be 
appropriate.
Persons directly contaminated by a wet spill should immediately 
remove clothing affected and thoroughly wash the hands and 
other contaminated areas of the body.
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6.4.5.

6.4.6.

6.4.7.

6.4.8.

6.4.9.

6.4.10.

6.4.11.

6.4.12.

6.4.13.

6.4.14.

6.4.15

I f  an inhalation hazard exists, all persons not involved in carrying 
out planned safety procedures should vacate the contaminated 
area immediately.
Evacuation or other action should be accomplished with the 
minimum required movement about the room. Movement should 
not start until the individual is aware of the situation and has 
determined the purpose of his movement. Areas of known or 
suspected contamination should be avoided.
The radiological health and safety officer or his representative 
in the area should be given all available information on the nature 
and extent of the release.
I f  evacuation of the room is required, it will generally be desirable 
to shut off all m echanical ventilation and to close all outside 
openings. However, there may be local conditions which require 
consideration. For example, if the release occurs in or near a fume 
hood, it may be disadvantageous to take any action which would 
discontinue ventilation by the hood.
I f  considerable contamination of the air is suspected, inhalation 
of radioactive m aterial should be minimized by holding the breath 
or by use of such respiratory protection as may be available.

A fter all persons are out of the room, it may be desirable to pre
vent further escape of radioactive m aterial from the room by 
sealing doors and other closures with adhesive tape.
Persons suspected to have inhaled or ingested considerable quan
tities of radioactive m aterial should seek or be given immediate 
attention as discussed in section 7.

Except in case of in jury or other urgent need, persons who have 
vacated the contaminated area should not leave the immediate 
vicinity until they have been monitored and necessary precautions, 
such as the removal of shoes or outer clothing, have been taken 
to lim it further spread of radioactivity.

The extent of the area of contamination should be determined and 
the area roped off, with appropriate warning or guards.
The person in charge of measures for dealing with accidents, or 
a designated alternate, should arrange for immediate decon
tamination of personnel as required.

S a fe  and efficient decontamination of the working area and equip
ment w ill generally require careful planning based on an 
evaluation of all factors involved. In  general, the following 
sequence of procedures will be involved:
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(1) Locate and contain the contamination,
(2) Assess the contamination and plan clean-up operations,
(3) Reduce the contamination by appropriate methods, and
(4) Assess the residual contamination and repeat the procedure 

as necessary.
6.4.16. Personnel carrying out decontamination procedures should be 

provided with appropriate instructions and equipment for their 
own protection and for the protection of other personnel.
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7. D E C O N T A M I N A T I O N
7.1.

7.1.1.

7.1.1.1.

7.1.1.2.

7.1.1.3.

7.1.1.4.

7.1.1.5.

7.1.1.6.

DECONTAMINATION OF PERSONNEL

The radiological health and safety officer should establish 
instructions and facilities (m aterials and equipment) for normal 
decontamination and first-aid  procedures in conformity with 
paragraph 1.5.4.2. The staff should be fully acquainted with them. 
M easures to b e  ta k en  in  case  o f  in tern a l con tam in ation  o f  
person n el
Radioactive contamination of personnel can be internal, through 
ingestion, inhalation, wounds or skin penetration. If anyone 
suspects internal contamination in case of an accident during 
work, it should be immediately reported to the radiological health 
and safety officer.

Internal contamination is essentially a medical problem, parallel 
in some ways to the absorption of chemical toxins. Any special 
corrective procedures needed should therefore be carried out in 
combination with normal medical attention and under medical 
advice and supervision.

The aims of the corrective procedures are:
(1) To try to elim inate quickly as much as possible of the internally 
introduced contaminant still remaining in the mouth, gastro
intestinal or respiratory tract and to prevent or reduce its uptake 
into the bloodstream and tissues;
(2) To try to prevent fixation of the contaminant in the body or 
to increase its excretion from the body.

For the first of these aims it is sometimes necessary that the 
contaminated person or another non-medical person should take 
immediate action (in the first seconds or minutes), for instance, 
to promote the mechanical elimination of the contaminant by 
inducing vomiting or expectoration.

In case of contaminated small open wounds, cuts, punctures, etc., 
the wound should be immediately washed, bleeding should be 
encouraged if necessary, and the medical officer should be 
consulted.

For the second of the aims indicated in 7.1.1.3. any further pro
cedure of internal decontamination, e. g. more complicated 
chem ical or physico-chem ical methods, is a m atter of medical 
treatm ent. I t  should be undertaken as soon as possible but only 
under medical supervision.
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7.1.2.

7.1.2.1.

7.1.2.2.

7.1.2.3.

7.1.2.4.

7.1.2.5.

7.1.2.6.

7.1.2.7.

7.1.2.8. 
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M easures to  b e  ta k en  in  case  o f  ex tern a l con tam in ation  o f  
p erson n el
E xternal contamination on the person can be a hazard in three 
ways:
I t  may cause injury from local exposure of the skin.
I t  may penetrate the intact skin (especially in the presence of 
certain organic solvents).
I t  may eventually be transferred into the body by ingestion or 
inhalation.
The danger of loose activity being eventually carried into the 
body is by fa r the most critical hazard, so that decontamination 
procedures are prim arily concerned with loose contamination.
As a rule, except for decontamination of hands, or except in cases 
of emergency as agreed upon by the radiological health and 
safety officer, all mild decontaminating procedures described in 
paragraphs 7.1.2.4. and 7.I.2.5. below should be carried out under 
the supervision of the radiological health and safety officer. 
Attempts to remove contamination which resists mild procedures 
should only be made under medical supervision.
The immediate washing of contaminated areas with w ater and 
soap is the method of choice for removing loose contamination, 
subject to certain elementary precautions:
1. Tepid w ater should be used.
2. Soap should not be abrasive or highly alkaline.
3. The washing can be helped by scrubbing with a soft brush 

only in such a way as not to abrade the skin.
4. The skin should be washed for a few minutes at a time, then 

dried and monitored.
Washing can be repeated if necessary (as indicated by monitoring) 
provided that there is no indication of damage to the skin.
I f  this procedure fails, only a mild detergent approved by the 
radiological health and safety officer might be used, although 
repeated applications of detergents to the same area of the skin, 
hands for instance, might in jure the skin and make it penetrable.

The use of organic solvents or of acid or alkaline solutions should 
be avoided.
Special attention should be paid to proper decontamination of 
creases, folds, hair and such parts of the hands as finger-nails, 
in ter-finger space and the outer edges of the hands.
Care should be taken to avoid as fa r as possible the spread of 
the contamination to uncontaminated parts of the body and to
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7.1.2.9.

7.1.2.10.

7.1.2.11.

7.1.2.12.

7.2.

7.2.1.

7.2.1.1.

7.2.1.2.

7.2.1.3.

7.2.1.4.

avoid internal contamination. I f  there is a risk of such a spread, 
an attem pt should first be made to remove the contamination 
locally with absorbent m aterial, and, if necessary, with a proper 
masking of the ad jacent non-contaminated areas of the skin. A 
non-contaminated open wound should be protected.
A fter each decontamination operation, the treated place should 
be dried with a fresh non-contaminated towel, swab, etc., and 
monitored. All towels, swabs, etc., used in the decontamination 
process should be treated as contaminated material.

W hile decontaminating the face, special care should be taken not 
to contaminate the eyes or lips.

Decontamination of the eyes should be undertaken immediately. 
Not only the radioactive isotope is to be considered, but also the 
chemical nature of the contaminant and possible complications 
due to foreign bodies and mechanical or chemical irritants. 
Additional irritation of the eyes by decontamination procedures 
should be avoided. Immediate irrigation of the eyes with a copious 
amount of w ater or with appropriate medically approved solutions 
is recommended. These solutions and a suitable vessel for eye 
washing should be provided as first aid kit. A fter this first pro
cedure every case of contamination of the eyes should be sub
mitted to medical control and further treatment.
Attempts to remove contamination which resists washing should 
only be made under medical supervision.

DECONTAMINATION O F EQUIPM ENT 

D econ tam in ation  o f  g la ssw are an d  too ls

A decision to decontaminate m aterial must take into account 
the continuing value of the m aterial compared with the cost of 
decontamination.

W here the h alf-life  of the contaminating elem ent is short, it may 
be desirable to store tools and glassware for decay of activity 
rather than to attem pt decontamination.

Decontamination of equipment should generally be done as soon 
as possible after its use. In many cases this will prevent the con
tamination from getting fixed and from being ultim ately more 
difficult to deal with. It will often be found that surfaces that 
have been kept moist are easier to clean.
The cleaning of contaminated glassware and tools should be done 
with great care by informed persons in a w ell-ventilated hood
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7.2.1.5.

7.2.1.6.

7.2.1.7.

7.2.1.8.

7.2.1.9.

7.2.1.10.

7.2.1.11.

7.2.1.12.

7.2.2. 
7.2.2.1.

set aside in the laboratory for that purpose, or in special decon
tamination areas.
I f  it is necessary to dismantle any equipment before decon
tamination procedures, careful monitoring should be carried out 
during the operation.
Glassware can be cleaned by any of the normal chemical agents, 
of which chrom ic-acid solution is probably the most useful. Other 
cleaning agents are concentrated nitric acid, ammonium citrate, 
penta sodium triphosphate and ammonium bifluoride.
M etal tools and sim ilar equipm ent should be washed with a 
detergent combined with brisk brushing to dislodge trapped con
tamination. Contamination resisting this treatm ent may be 
washed in stronger agents, including dilute n itric acid or a 10 °/o 
solution of sodium citrate or ammonium bifluoride. Other cleaning 
agents can be chosen, depending on the m aterial of construction 
of the equipment and the likely chemical nature of the con
taminant. Stainless steel could be treated with sulphuric or, as a 
last resort, hydrochloric acid.
If  the decontamination causes any corrosion of the metal, any 
future contamination will be more difficult to remove and a coat 
of glossy paint on the decontaminated surface is desirable. Con
tamination prevention by the use of strippable coatings or plastic 
covers is useful. A coat of paint may provide adequate protection 
against “soft” emitters which prove resistant to decontamination. 
The uptake of radioactive substances by glassware may be 
reduced by a preliminary treatm ent with the corresponding 
inactive chemical.
In some cases immersion in solutions of the non-radioactive 
isotope of the contaminant may be tried, although this is a slow 
procedure.
The solutions used for cleaning should not be returned to the 
stock bottles between uses.
Laboratory equipment should be surveyed for residual con
tamination following decontamination procedures. I f  the residual 
contamination indicates that the level of activity remains greater 
than that specified as permissible, the equipment should not be 
re-used and should be regarded as radioactive waste. 
D econ tam in ation  o f  w ork in g  areas, b en ches , etc.
As soon as possible after contamination of working areas, benches, 
etc., has occurred or has been detected, decontamination should 
be carried out by suitably equipped and informed persons.
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7.2.2.3.

7.2.2.4.

7.2.2.5.

7.2.2.6.

7.2.3.
7.2.3.1.

7.2.3.2.

7.2.3.3.

7.2.3.4.

All surfaces should be cleaned by wet methods if possible, as the 
use of dry methods may create a dust hazard. For porous m aterials 
of construction which prove unsuitable for cleaning by wet 
methods, vacuum cleaning with proper filtration of the rejected 
air might be attempted; in any case special precautions in using 
dry techniques are necessary.
Cleaning tools should be assigned to the area in which the 
operations are being performed and should not be removed or 
used elsewhere without careful decontamination.
Paintwork can be cleaned with soap (or detergent) and w ater or, 
in extrem e cases, removed with a paint remover. Polished 
linoleum can be cleaned with soap and water, followed, if 
necessary, by the removal of the wax polish by means of a solvent. 
I f  the contamination is by alpha- or sof t-beta-em itters, the radiation 
may possibly be controlled by painting over. The use of two 
coats with the undercoat in a contrasting colour is useful to 
indicate any wearing away of the protective coat. This method of 
contamination control should be used with caution with respect 
to future possible uses of the installation.
If  after attempted decontamination adequate protection cannot 
be assured, the contaminated rooms or premises should be aban
doned and contaminated removable objects disposed of in 
accordance with the requirements of the competent authority. 
Access to these abandoned areas should be forbidden to un
authorized persons and such areas should be identified by an 
appropriate and recognizable warning sign.
D econ tam in ation  o f  cloth ing, hosp ita l linen  or sim ila r  item s  
In any handling of contaminated clothing appropriate precautions 
should be taken to prevent or control contamination of the worker 
and of the surrounding areas by the formation of aerosols. The 
sorting of contaminated garments as indicated in 7.2.3. will often 
need to be carried out in a fume hood. Care must be taken to 
prevent airborne contamination from clothing placed in storage. 
Contaminated clothing and linen should not be released to public 
laundries without the approval of the radiological health and 
safety officer.
In the case of short-lived radioactive contamination, storage is 
recommended until the activity has fallen to safe levels.
It  will usually be desirable to wash the contaminated clothing in 
specially provided laundering facilities; the area where decon
tamination goes on should be monitored. Personnel in charge of
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these facilities should be provided with protective coats and 
suitable gloves.

7.2.3.5. Contaminated garments should be segregated into batches of 
differing degrees of activity to avoid cross-contamination.

7.2.3.6. Routine washing of moderately contaminated clothing may be 
carried out according to schedules recommended for commercial 
laundry practice. However, it  may be advantageous to substitute 
a standard detergent (chosen on the basis of economy) for the soap 
because of the tendency of the latter to form deposits which may 
fix  the activity in the fabric.

7.2.3.7. Clothing with resistant contamination or high levels of activity 
is dealt with by longer periods of washing and especially by 
repeated rinsings.

7.2.3.8. Rubber gloves and other rubber goods and plastics usually 
decontaminate readily. Such items should first be washed with 
an ordinary laundry formula. I f  this does not prove effective, 
rubber items can be washed in dilute n itric acid or agents chosen 
in the light of the nature of the contamination. This should be 
followed by a wash using scouring powder and a thorough rinse 
in running tap water.

7.2.3.9. I f  the clothing, linen, etc., cannot be decontaminated to a safe 
level it should be regarded as radioactive waste.
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8 . 1 . 2 .

8.1.3.

8.1.4.

8.1.
8.1.1.

8.1.5.
8. 1. 6.

8.1.7.

8.2.

8.2.1.

8. R A D I O A C T I V E  W A S T E  C O N T R O L  A N D  
D I S P O S A L

W A STE COLLECTION
In  all working places where radioactive wastes may originate, 
suitable receptacles should be available.
Solid waste should be deposited in refuse bins with foot-operated 
lids. The bins should be lined with removable paper bags to 
facilitate removal of the waste without contamination.
Liquid waste should, if no other facilities for liquid-w aste disposal 
exist, be collected in bottles kept in pails or trays designed to 
retain all their contents in the event of a breakage.
All receptacles for radioactive wastes should be clearly identified. 
In  general, it w ill be desirable to classify radioactive wastes 
according to methods of disposal or of storage, and to provide 
separate containers for the various classifications used. Depending 
upon the needs of the installation, one or more of the following 
bases for classification of wastes may be desirable:

Gamma radiation levels (high, low),
Total activity (high, intermediate, low),
H alf-life  (long, short),
Combustible, non-combustible.

For convenient and positive identification, it may be desirable to 
use both colour coding and wording.
Shielded containers should be used when necessary.
I t  is generally desirable to m aintain an approximate record of the 
quantities of radioactive wastes released to drainage systems, to 
sewers, or for burial. This may be particularly important in the 
case of long-lived radioisotopes. For this purpose it is desirable 
or necessary to maintain a record of estimated quantities of radio
activity deposited in various receptacles, particularly those receiv
ing high levels of'activity  or long-lived isotopes. Depending upon 
the system of control used by the installation, it may be desirable 
to provide for the receptacle to be marked or tagged with a state
m ent of its contents.
Radioactive wastes should be removed from working places by 
designated personnel under the supervision of the radiological 
health and safety officer.

W A STE STO RAGE
A ll wastes which cannot be immediately disposed of in conform
ity  w ith the requirem ents of the competent authority have to be 
placed in suitable storage.
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8.2.2. Storage may be temporary or indefinite. Temporary storage is 
used to allow for decrease of activity, to perm it regulation of the 
rate  of release, to perm it monitoring of m aterials of unknown 
degree of hazard or to await the availability of suitable transport. 
Indefinite storage in special places has to be provided for the 
more hazardous wastes for which no ultimate disposal method is 
available to the particular user.

8.2.3. Storage conditions should meet the safety requirements for storage 
of sources (section 4).

8.2.4. The storage site should not be accessible to unauthorized per
sonnel. (Control of animals should not be overlooked.)

8.2.5. The method of storage should prevent accidental release to the 
surroundings.

8.2.6. Appropriate records should be kept of the storage.

8.3. D ISPO SA L OF W ASTES TO THE ENVIRONMENT
8.3.1. G en era l con sideration s
8.3.1.1. Disposal of radioactive wastes to the environment should be 

carried out in accordance with the conditions established by the 
radiological health and safety officer and by the competent 
authority.

8.3.1.2. The ways in which radioactive m aterials may affect the environ
ment should be carefully examined for any proposed waste dis
posal method.

8.3.1.3. The capacity of any route of disposal to accept wastes safely 
depends on the evaluation of a number of factors, many of 
which depend on the particular local situation. B y  assuming 
unfavourable conditions with respect to all factors, it is possible 
to set a permissible level for waste disposal which will be safe 
under all circumstances. This usually allows a very considerable 
safety factor. The real capacity of a particular route of waste 
disposal can only be found by a lengthy study by experts.

8.3.1.4. The small user should first try to work within restrictive limits 
which are accepted as being safe and which will usually provide 
a workable solution to the problem of waste disposal. Such a 
restrictive safe lim it is provided by keeping the level of activity 
at the point of release into the environment below the permissible 
levels for non-occupationally exposed persons recommended by 
the International Commission on Radiological Protection for 
activity in drinking water or in air and indicated in Appendix I*.

* Su b ject to the provisions of section 1.3.
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8.3.2.
8.3.2.I.

8 .3 .2.2 .

8.3.2.3.

8.3.2.4.
8.3.2.5.

This rule should be superseded if the competent authority pro
vides any alternative requirem ents or if local studies by experts 
provide reasonable justification for other levels.

D isposal to d rain s an d  sew ers
The release of wastes into drains does not usually need to be 
considered as a direct release into the environment. Hence, a 
restrictive safe lim it will usually be provided if the concentrations 
of radioactive waste m aterial based on the total available flow 
of w ater in the system, averaged over a moderate period (daily 
or monthly), would not exceed the maximum permissible levels 
for drinking w ater recommended by the International Commission 
on Radiological Protection for individuals occupationally exposed; 
these are indicated in Appendix I* . This would provide a large 
safety factor since w ater from drains and sewers is not generally 
to be considered as drinking water. However, in situations where 
the contamination affects the public w ater supply, the final con
centrations in the w ater supply should be to the levels set for non- 
occupatiohally exposed persons. Some present studies suggest 
that if the contamination affects w ater used for irrigation the 
final concentrations in the irrigating w ater should be lower by 
a factor of at least 10 than the levels set for occupational exposure 
and the possible build-up of activity in the irrigated lands and 
crops should be carefully surveyed.
Finally, before release of wastes to public drains, sewers and 
rivers, the competent authorities should be informed and con
sulted to ascertain that no other radioactive release is carried 
out in such a way that the accumulation of releases will create 
a hazardous situation.

Radioactive wastes disposed to drains should be readily soluble 
or dispersible in water. Account should be taken of the possible 
changes of pH due to dilution, or other physico-chemical factors 
which may lead to precipitation or vaporization of diluted 
materials.

In general, the excreta of persons being treated by radioisotopes 
do not call for any special consideration. (This, however, does 
not apply to the unused residues of medical isotope shipments.)

Wastes should be flushed down by a copious stream  of water.
The dilution of carrier-free m aterial by the inactive element in 
the same chemical form is sometimes helpful.

* Sub ject to the provisions of section 1.3.
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8.3.2.6.

8.3.2.7.

8.3.3.
8.3.3.1.

8.3.3.2.

8.3.3.3.

8.3.3.4.

8.3.4. 
8.3.4.I.

8.3.4.2.

Maintenance work on active drains within an establishment - 
should only be carried out with the knowledge and under the 
supervision of the radiological health and safety officer. Special 
care should be given to the possibility that small sources have 
been dropped into sinks and retained in traps or catchm ent basins.

The release of waste to sewers should be done in such a manner 
as not to require protective measures during maintenance work 
of the sewers outside the establishment, unless other agreement 
has been reached with the authority in charge of these sewers. 
The authority in.charge of the sewer system outside the establish
m ent should be informed of the release of radioactive wastes in 
this system; mutual discussion of the technical aspects of the 
waste disposal problem is desirable to provide protection without 
unnecessary anxiety.

D isposal to th e  a tm osp h ere
Any release of radioactive waste in the form of aerosols or gases 
into the atmosphere should conform with the requirem ents of 
the competent authority.

Su b ject to 8.3.3.1, concentrations of radioactive gases or aerosols 
at the point of release into the environment should not exceed 
the accepted maximum permissible levels for non-oceupationally 
exposed persons referred to in Appendix I *. I f  higher levels are 
required and protection is based on an elevated release point from 
a stack, such levels can only be set after examination of local 
conditions by an expert.

Even if activity below permissible levels is achieved at the release 
point for an aerosol, a hazard or nuisance may still arise from the 
fall-out of coarse particles. Therefore, the need for filtration 
should be assessed.
Used filters should be handled as solid wastes.

B u ria l o f  w astes
B urial of wastes in soil sometimes provides a measure of pro
tection not found if the wastes are released directly into the 
environment. The possibilities of safe burial of waste should 
always be appraised by an expert.

B urial under a suitable depth of soil (about one meter) provides 
economical protection from the external radiation of the accumu
lated deposit.

* Su b ject to the provisions of section 1.3.
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8.3.4.3.

8.3.4.4. 
8.3.5.
8.3.5.1.

8.3.5.2.

8.3.5.3.

A burial site should be under the control of the user with adequate 
means of excluding the public.
A record should be kept of disposals into the ground. 
In cin eration  o f  w astes
I f  solid wastes are incinerated to reduce the bulk to manageable 
proportions, certain precautions should be taken.
The incineration of active wastes should only be carried out in 
equipment embodying such features of filtration and scrubbing 
as may be necessary for the levels of activity to be disposed of. 
Residual ashes should be prevented from becoming a dust hazard, 
for example by damping them with water, and should be properly 
dealt with as ordinary active waste.
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A P P E N D I X  I
MAXIMUM PERMISSIBLE LEVELS FOR EXPOSURE TO EXTERNALRADIATIONS AND FOR RADIOACTIVE CONTAMINATION OF AIRAND WATER

I. D EFIN ITIO N S

E xposu re d o se : The exposure dose of X -  or gamma radiation at a certain 
place is a measure of the radiation that is based upon its 
ability to produce ionization.

R oen tgen : The unit of exposure dose of X -  or gamma radiation.
One roentgen is an exposure dose of X -  or gamma 
radiation such that the associated corpuscular emission 
per 0.001293 g of air produces, in air, ions carrying 1 electro
static unit of quantity of electricity of either sign.

A b sorb ed  d o se :  Absorbed dose of any ionizing radiation is the energy 
imparted to m atter by ionizing particles per unit mass of 
irradiated m aterial at the place of interest.

R ad : The unit of absorbed dose. 1 rad is 100 erg/g.
R B E  d ose : The procedure to be followed when expressing the ex 

posure of persons to radiation is as follows:
The absorbed dose, D (in rad), of any radiation must be 
multiplied by an agreed factor, R BE, whose values for 
different radiations are laid down by the ICRP. This pro
duct, called the R B E  dose, is expressed in rem  where 

R B E  dose (in rem) =  (RBE) (D)
In the case of mixed radiations the total R B E  dose is 
assumed to be equal to the sum of the products of the 
absorbed dose of each radiation and its R BE.

R em : The unit of R B E  dose.

R B E  VALUES

The following values of R B E  for all the critical organs, according to 
the value of the average specific ionizations occurring in the critical organ 
in which it is highest, are recommended for the determination of per
missible tissue doses in rad from external sources by the relation:

Perm issible dose in rem
Perm issible dose in rad

R B E

The specific ionization is expressed in ion pairs per micron of water 
in terms of its air equivalent.
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R B E  is expressed in term s of the pertinent biological effectiveness of 
ordinary X -ray s taken as one (average specific ionization of 100 ion pairs 
per micron of water, or linear energy transfer of 3.5 keV per micron 
of water).

1. X -ray s, e lectron s an d  positron s o f  any sp ec ific  ion ization  
R B E  =  1

2. H eavy  ion izing p art ic les

Average specific ionization 
(ion pairs per 

micron of water)
RBE

Average linear energy 
transfer to water 
(keV per micron)

100 or less 1 3.5 or less
100 to 200 1 to 2 3.5 to 7.0
200 to 650 2 to 5 7.0 to 23
650 to 1500 5 to 10 23 to 53

1500 to 5000 10 to 20 53 to 175

For practical purposes, an R B E  of 10 is applicable to fast neutrons and 
protons up to 10 MeV and an R B E  of 20 to heavy recoil nuclei for whole- 
body irradiation and the most sensitive critical organs. (See report of ICRP 
Committees IV  and V.)
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II . M AXIM UM  P E R M IS S IB L E  L E V E L S  FO R EXPO SU RE TO  
RAD IA TIO N S

The following m aterial is taken from the recommendations of the 
International Commission on Radiological Protection (ICRP), adopted on 
9 Septem ber 1958*, and from the Addendum to these recommendations 
published in 19591- The official publications of the IC RP should be consulted 
to confirm any important points.

B A SIC  CONCEPTS 
O b jectiv es  o f  rad ia tion  p rotection

1. Exposure to ionizing radiation can result in injuries that manifest 
themselves in the exposed individual and in his descendants: these are 
called somatic and genetic in juries respectively.

2. Late somatic in juries include leukaem ia and other malignant 
diseases, impaired fertility , cataracts and shortening of life. Genetic injuries 
m anifest themselves in the offspring of irradiated individuals, and may not 
be apparent for many generations. Their detrim ental effect can spread 
throughout a population by mating of exposed individuals with other 
members of the population.

3. The objectives of radiation protection are to prevent or minimize 
somatic in juries and to minimize the deterioration of the genetic con
stitution of the population.

C ritica l organ s an d  tissues
4. The organs and tissues of the body exhibit varying degrees of radio

sensitivity, and it is therefore necessary, for purposes of protection, to 
consider their radiosensitivity with respect to specific functions as well as 
the doses they receive. When this is done, some organs and tissues assume 
a greater importance, according to the circum stances under which they 
are irradiated. They are then said to be critical.

5. In the case of more or less uniform irradiation of the w h ole  body , the 
critical tissues are those tissues of the body that are most radiosensitive 
with respect to the ability of carrying out functions essential to the body as 
a whole. In this report these are taken to be the blood-forming organs, the 
gonads and the lenses of the eyes. In  previous reports the skin was listed 
as a critical organ in the case of whole-body exposure. The presentation 
of the recommendations in the present report is simplified by not desig
nating the skin as a critical organ.

* Recommendations of the International Commission on Radiological Protection 
(1958). Pergamon Press, London (ICRP Publication 1). 

t  Addendum to ICRP Publication 1 (1958 Recommendations). Pergamon Press, 
London.
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6. In  the case of irradiation more or less limited to portion s  of the 
body, the critical tissue is that tissue which is most likely to be permanently 
damaged, either because of its inherent radiosensitivity, or because of a 
combination of radiosensitivity and localized high dose.

P erm iss ib le  d ose

7. Any departure from the environmental conditions in which man 
has evolved may entail a risk of possible deleterious effects. I t  is therefore 
assumed that long continued exposure to ionizing radiation additional to 
that due to natural radiation involves some risk. However, man cannot 
entirely dispense with the use of ionizing radiations and therefore the 
problem in practice is to lim it the radiation dose to that which involves 
a risk that is not unacceptable to the individual and to the population at 
large. This is called a “perm issible dose”.

8. The permissible dose for an in d iv idu a l is that dose, accumulated 
over a long period of tim e or resulting from a single exposure, which, in 
the light of present knowledge, carries a negligible probability of severe 
somatic or genetic in juries; furthermore, it is such a dose that any effects 
that ensue more frequently are limited to those of a minor nature that 
would not be considered unacceptable by the exposed individual and by 
competent medical authorities.

9. Any severe somatic injuries (e.g. leukaemia) that might result from 
exposure of individuals to the permissible dose would be limited to an 
exceedingly sm all fraction of the exposed group; effects such as shortening 
of life  span, which m ight be expected to occur more frequently, would be 
very slight and would likely be hidden by normal biological variations. 
T he perm issible doses can, therefore, be expected to produce effects that 
could be detectable only by statistical methods applied to large groups.

10. The perm issible dose to the gonads for the w h o le  popu la tion  is 
limited prim arily by considerations with respect to genetic effects (see 
paragraphs 37—44).

C ategor ies  o f  ex p osu re

11. These recommendations are designed to lim it not only somatic 
but also genetic effects; it is therefore necessary to reduce as much as 
possible the dose to the population as a whole, as well as to the individual. 
In general, doses resulting from all sources of ionizing radiation should 
be considered in the appraisal of possible biological damage. However,
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practical considerations make it necessary to consider separately the doses 
resulting from two categories of exposure, namely:

(a) Exposure to natural background radiation;
(b) Exposure resulting from medical procedures.
12. Natural background radiation varies considerably from  locality 

to locality and the doses it contributes to the various organs are not well 
known. I f  maxim um perm issible lim its recommended by the Commission 
included background radiation, the allowable contribution from man-made 
sources — which are the only ones that can be controlled —  would be 
uncertain and would have to be different for different localities. Accord
ingly, doses resulting from natural background radiation are excluded 
from all maximum permissible doses recommended in this report.

13. In medical procedures, exposure of the patient to primary radiation 
is generally limited to parts of the body, but the whole body is exposed to 
some extent to stray radiation. The contributions to the doses in various 
organs and the part played in the overall effects on the individual are 
practically impossible to evaluate at the present time. The Commission 
recognizes especially the importance of the gon ad  doses resulting from 
medical exposure and the attendant genetic hazard to the population. 
Accordingly, it recommends that the medical profession exercise great 
care in the use of ionizing radiation in order that the gonad dose received 
by individuals before the end of their reproductive periods be kept at the 
minimum value consistent with medical requirements. However, individual 
doses resulting from medical exposure are excluded from all maximum 
permissible doses recommended in this report.

14. The recommendations cover the following categories of exposure:
A. Occupational exposure.
B . Exposure of special groups:

(a) Adults who work in the vicinity of controlled areas, but who 
are not themselves employed on work causing exposure to 
radiation.

(b) Adults who enter controlled areas occasionally in the course of 
their duties, but are not regarded as radiation workers.

(c) Members of the public living in the neighbourhood of controlled 
areas.

C. Exposure of the population at large.
D. Medical exposure.

O ccupational exposu re.
15. Exposure of an in d iv idu a l who normally works in a controlled 

area constitutes occupational exposure. M aximum permissible doses are
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set for the individuals in  the small portion of the population that can be 
occupationally exposed (paragraphs 24— 30). The contribution from this 
group to the genetic dose to the popu lation  as a  whole is discussed in 
paragraph 44.

E xposu re o f  sp ec ia l groups.

16. Persons who only occasionally enter a controlled area and persons 
who work or reside in the vicinity of a controlled area may be exposed to 
radiation originating in the controlled area. They constitute groups that 
may include children and pregnant women as well as individuals subject 
to other hazards, and may"in total constitute a large fraction of the whole 
population. For these reasons the maximum permissible dose to these 
persons as in d iv idu als  is set lower than for persons occupationally exposed 
(paragraphs 31—35). The contribution from these groups to the genetic 
dose to the whole population is discussed in paragraph 44.

Exposure of the p opu lation  a t large.

17. Members of the population a t large may be exposed to radiation 
that cannot be related to any specific controlled area; e.g. exposure from 
environm ental contamination and widely distributed radiation sources 
such as wrist watches, television sets and various applications of radio
active m aterials to be expected as a result of future expansion in the 
atomic energy field. As such exposure is not easily controlled, it  w ill be 
impossible to ensure that a recommended maximum permissible individual 
dose is not exceeded in any single case. W here large numbers are involved, 
it w ill not be possible to exam ine the habits of every individual. A 
reasonable procedure would be to study a sample of the group involved 
and to set the environm ental level so that no individual in the sample 
receives any excessive exposure. There w ill always remain the possibility 
that someone of grossly different habits from those in the observed sample 
may receive a higher dose than the maximum in the sample.

18. In  order to facilitate planning for the anticipated increased uses 
of nuclear energy and other sources of radiation, it  is desirable a t this 
tim e to recommend a maximum for the genetic dose to the popu lation  
(paragraph 43); this maxim um will determ ine what average gonad exposure 
could be allowed. P art of the recommended maximum genetic dose w ill 
have to be used for exposure of groups such as A and B  and for medical 
exposure. The proper apportionment for exposure of the population at 
large must allow for both internal and external exposure (paragraph 44).
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M edical exposu re.
19. No recommendations are given with regard to the dose to the 

individual from medical exposure. (The contribution of medical exposure 
to the genetic dose is discussed in paragraphs 48— 49.)

R edu ction  in  m ax im u m  p erm iss ib le  dose

20. The new recommendations were introduced partly with the 
intention of limiting the genetically significant radiation exposure (see 
paragraph 42) of the population, and partly to lim it the probability of 
somatic injury by reducing the lifetim e dose. This reduction does not 
result from positive evidence of damage due to the use of the earlier per
missible dose levels, but rather is based on the concept that biological 
recovery may be minimal at such low dose levels.

T im e in terv a l o v er  w h ich  d ose  is to b e  a ssessed

21. The maximum permissible weekly doses recommended by the 
Commission in 1950 have been replaced by limits for the doses received 
over longer periods of time (paragraphs 25— 27). In the case of occupational 
exposure the maximum permissible dose that may be accumulated at a 
certain time depends on the age of the worker. The dose to individuals in 
the population at large, or in special groups other than occupational, may 
be accumulated at a rate that is determined by a maximum permissible 
annual dose. The genetic dose to the whole population is assessed over the 
period between conception of the individual and conception of each child 
of the individual. (See paragraph 42 for method of evaluation.)

22. These extended periods of tim e allow for some flexibility  in the 
way in which radiation exposure may be received, and at the same time 
provide what is considered to be adequate protection for each group of 
the population.

M AXIM UM  P E R M ISSIB L E  DO SES 
G e n e r a l

23. I t  is emphasized that the maximum permissible doses recommended 
in this section are m axim u m  values; the Commission recommends that all 
doses be kept as low as practicable, and that any unnecessary exposure 
be avoided.

EX PO SU R E OF INDIVIDUALS

O U C I PATIONAL EXPOSURE

24. In  any organ or tissue, the to ta l individual dose due to occupational 
exposure shall comprise the dose contributed by external sources during
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working hours and the dose contributed by internal sources taken into 
the body during working hours. I t  shall not include any medical exposure 
or exposure to natural radiation. The Commission wishes to emphasize 
that “medical exposure” refers to the exposure of patien ts  that is necessary 
for medical purposes and n ot to the exposure of the personnel conducting 
such procedure.

E x p osu re o f  th e  gonads, th e  b lood -fo rm in g  organs an d  th e  len ses o f  
th e  eyes.

25. The maximum permissible total dose accumulated in the gonads, 
the blood-forming organs and the lenses of the eyes at any age over 18 years 
shall be governed by the relation

D =  5 (N  — 18), 
where D is tissue dose in rem  and N is age in years.

26. For a person who is occupationally exposed at a constant rate from 
the age of 18 years, the formula implies a maximum weekly dose of 0.1 rem. 
I t  is recommended that this value be used for purposes of planning and 
design.

R ate  o f  d o se  accu m u lation

27. To the extent that the formula permits, an occupationally exposed 
person may accumulate the maximum permissible dose at a rate not in 
excess of 3 rem during any period of 13 consecutive weeks (i.e. in no 13 
consecutive weeks shall the dose exceed 3 rem). I f  necessary, the 3 rem 
may be received as a single dose, but as the scientific knowledge of the 
biological effects of such exposure is scanty, single doses of the order of 
3 rem should be avoided as far as practicable especially in the case of 
women of reproductive age. A calendar 13-week period may be used instead 
of a period of 13 consecutive weeks if there is no reason to suppose that 
doses are being accumulated a t grossly irregular rates.

A pplica tion  to  sp ec ia l ca ses

28. Setting permissible lim its of exposure in terms of the dose accumu
lated up to a given age introduces certain practical complications. Thus, 
some workers (previously exposed at levels within the then permissible 
limits) may have already accumulated a dose in excess of the maximum 
perm itted by the formula. There are also special cases in which exceptions 
in the application of the formula may be desirable for practical reasons 
and are ju stifiab le within the context of paragraph 20. The following
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recommendations are intended to provide guidance on adm inistrative policy, 
which may well vary according to circum stances at the local level. (It 
should be noted that this situation will obtain only during a relatively 
short transition period.)

29. (a) P rev iou s ex p osu re  h istory  unknow n. When the previous occupa
tional exposure history of an individual is not definitely known, 
it  shall be assumed that he has already received the fu ll quota 
permitted by the formula.

(b) P erson s ex p o s ed  in  a cco rd an ce  w ith  th e  fo rm er  m ax im u m  p e r 
m iss ib le  w eek ly  dose . Persons who were exposed in accordance with 
the form er maximum permissible weekly doses of 0.3 rem  and who 
have accumulated a dose higher than that permitted by the formula 
should not be exposed at a rate higher than 5 rem  in any one year, 
until the accumulated dose at a subsequent tim e is lower than 
that permitted by the formula.

(c) P erson s starting  w o rk  at an  age o f  less th an  18 y ears . When a 
person begins to be occupationally exposed at an age of less than 
18 years, the dose shall not exceed 5 rem  in any one year under 
age 18, and the dose accumulated to age 30 shall not exceed 60 rem. 
(The minimum age at which occupational exposure is legally per
missible is lower than 18 years in some countries.)

(d) A ccid en ta l h igh  exposu re. An accidental high exposure that 
occurs only once in a lifetim e and contributes no more than 25 rem 
shall be added to the occupational dose accumulated up to the 
time of the accident. I f  the sum then exceeds the maximum value 
permitted by the formula, the excess need not be included in the 
future calculations of the person’s accumulated dose. Accidental 
exposure leading to doses greater than 25 rem must be regarded 
as potentially serious, and shall be referred to competent medical 
authorities for appropriate remedial action and recommendations 
on subsequent occupational exposure. This is intended as an 
adm inistrative guide to permit the continuation of work with 
radiation, following a bon a  fid e  accident (“once in a lifetim e”), 
in cases in which interruption of such work, or curtailm ent of 
exposure, would handicap the individual in the pursuit of his 
career.

(e) E m ergen cy  ex p osu re. Emergency work involving exposure above 
perm issible lim its shall be planned on the basis that the individual 
w ill not receive a dose in excess of 12 rem. This shall be added to 
the occupational dose accumulated up to the tim e of the emergency 
exposure. I f  the sum then exceeds the maximum value permitted
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by the formula, the excess shall be made up by lowering the sub
sequent exposure rate so that within a period not exceeding 5 years, 
the accumulated dose w ill conform w ith the lim it set by the 
formula. Women of reproductive age shall not be subjected to 
such emergency exposure.

(f) E xposu re o f  ey es  to b e ta  rad iation . W here work involves exposure 
to beta rays of E max >  2.5 MeV, eye shields or other suitable 
shielding may be necessary to keep the dose in the lens within per
missible limits. In the case of exposure to beta rays of lower 
energy, if the provision of such shielding is impracticable, the small 
additional beta-ray  dose in the lens over the dose already permitted 
for more penetrating radiations, such as gamma rays or neutrons, 
is permissible, provided the dose in the skin is limited to the level 
recommended in paragraph 30 (a).

E x p osu re o f  sing le organs o th er  than  th e  gonads, th e  b lood -fo rm in g  
organs and th e len ses o f  th e  eyes.

30. For exposure that is essentially restricted, to portions or single 
organs of the body, with the exception of the gonads, the blood-forming 
organs and the lenses of the eyes, a higher dose than the one derived from 
the formula D — 5 (N — 18) is permitted. The following recommendations 
are made:

(a) A m axim u m  d ose  o f  S rem ll3  w k  fo r  th e  s k in *  The earlier recom
mended weekly maximum doses for exposure of the skin, namely
0.6 rem in connection with a whole body exposure and 1.5 rem for 
exposure with radiation of very low penetrating power, have been 
replaced by the recommendation that the dose in the skin, accumu
lated over any 13 consecutive weeks, shall not exceed 8 rem. This 
recommendation now applies to all exposure of the skin, except 
the skin of the hands and forearms, feet and ankles. As the 8 rem 
are derived from an average of 0.6 rem/wk, the annual dose for a 
50-week year is limited to 30 rem.

(b) A m ax im u m  dose o f  20 rem /13 w k  fo r  th e  han ds and  fo rearm s, 
f e e t  an d  an k les . The earlier recommended weekly maximum of
1.5 rem for exposure of hands and forearms, feet and ankles has 
been replaced by the recommendation that the dose accumulated 
over any 13 consecutive weeks shall not exceed 20 rem. This 
recommendation applies to all tissues of the above-mentioned

* This also applies to the thyroid.
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extrem ities. As the 20 rem are derived from an average of
1.5 rem/wk, the annual dose for a 50-week year is limited to 75 rem.

(c) A m ax im u m  dose o f  4 rem /13 w k  fo r  lim ited  ex p osu re o f  in tern a l 
organs o th er  than  th e  thyroid , th e  gonads and  th e  b lood -fo rm in g  
organs. In  the case of internal organs, limited exposure originates 
almost exclusively from radioisotopes within the body. As most 
planning of release of radioactive isotopes to the air and water 
supplies in controlled areas is made under conditions where occu
pational groups rather than single individuals are exposed, a 
formula corresponding to the one given in paragraph 25 cannot 
in general be applied to internal exposure. An average of 0.3 rem/wk 
in the organ of interest (with some exceptions noted in the report 
of Committee II*  is expected to be maintained under equilibrium 
conditions if the concentration in air or  water of the relevant 
isotope is kept at levels given in the tables in the report of 
Committee II* . Variations of the dose rate will occur in practice, 
and are permissible provided that the dose accumulated over any 
13 consecutive weeks does not exceed 4 rem. As this maximum is 
derived from a weekly average of 0.3 rem, the annual dose for a 
50-week year is limited to 15 rem.

(d) W h ole-b od y  ex p osu re  from  u p ta k e  o f  s ev era l rad io iso topes. When 
the radioactive isotopes in a m ixture are taken up by several 
organs and the resultant tissue doses in such organs are of com
parable magnitude, the combined exposure is considered to con
stitute essentially whole-body exposure. Accordingly, the per
missible levels of exposure will be those applicable to the gonads, 
blood-forming organs and the lenses of the eyes.

(e) S h ort-term  ex p osu re  to rad ioactiv e  m ateria l. One or more short
term exposures to radioactive m aterials (together with any 
exposure to external radiation) within a period of 13 consecutive 
weeks is considered acceptable if the total intake of radioactive 
m aterial during this period does not exceed the amount that would 
result from intake for 13 weeks at the maximum levels for 
occupational exposure to such radioactive materials permitted by 
the 1959 report of Committee II* . The dose to the critical organ 
during the following 50 years resulting from such an intake will 
not exceed the quarterly limits on dose stated in the 1958 Recom
mendations of the ICRP. These Kmits are:

* Report of Committee II on Permissible Dose for Internal Radiation (ICRP 
Publication 2) Pergamon Press, London (1959).

71

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



Appendix I
1. For the whole body and the gonads:
2. For the skin, thyroid and bone*:
3. For other organs:

3 rem; 
8 rem;
4 rem.

(f) A ccid en ta l h igh  ex p osu re  to rad ioa ctiv e  m ateria l. In the case of 
an accidental high exposure to radioactive m aterials where the 
total intake of radioactive m aterial exceeds the amount that would 
result from intake for one year at the maximum levels for occu
pational exposure to such radioactive m aterials permitted by the 
1959 report of Committee l i t ,  an estim ate of the intake resulting 
from the exposure shall be entered on the individual’s record and 
he shall be referred to competent medical authorities for appro
priate action.

(g) E m ergen cy  ex p osu re  to rad ioactiv e  m ateria ls . Emergency work 
involving exposure above permissible levels to radioactive 
m aterials shall be planned on the basis that the total intake of 
radioactive m aterial during the emergency period should not exceed 
the amount that would result from intake for one year at the 
maximum levels for occupational exposure to such radioactive 
m aterials permitted by the 1959 report of Committee l i t .  The dose 
to the critical organ during the following 50 years resulting from 
such an intake will not exceed the maximum yearly lim its on dose 
stated in the 1958 Recommendations of ICRP. These limits are:
1. For the whole body and the gonads: 12 rem;
2. For the skin, thyroid and bone*: 30 rem;
3. For other organs: 15 rem.
When such an exposure has occurred, an estimate of the intake 
shall be entered in the individual’s record and measures shall be 
taken to prevent further exposure during the period of time it 
would take to accumulate this intake at the constant maximum 
level of occupational exposure permitted by the 1959 report of 
Committee l i t  for such materials.

31. The total maximum permissible individual dose shall consist of the 
sum of the doses contributed by both external and internal sources. It 
shall not include any medical exposure or exposure to natural radiation.

'  Based on body burden of 0.1 (ic RaM4 (see report of Committee II, referred 
to in footnote on page 71). 

t  See footnote on page 71.

E x p o s u r e  o f  s p e c i a l  g r o u p s

>
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T ota l annual d ose  to th e  gonads, th e  b lood -fo rm in g  organs an d  th e  
len ses  o f  th e  eyes.

32. For any individual in the groups B  (a) and B  (b) (see paragraph 14) 
the total annual dose, including contributions from external and internal 
sources, to the gonads, the blood-forming organs and the lenses of the 
eyes, due to operation within the controlled area shall not exceed 1.5 rem, 
nor shall the contribution from a m ixture of isotopes whose combined 
exposure constitutes essentially whole body exposure make the total 
annual dose exceed 1.5 rem. There is an exception in the case of the skin 
and the thyroid where an annual maximum of 3 rem is allowed.

33. The group B  (c) differs from the groups B  (a) and B  (b) in that it 
contains children for whom it is considered that a lower figure, namely 
0 .5  rem/yr (in the gonads, the blood-forming organs and the lenses 
of the eyes), should apply. Accordingly, the presence of children in the 
group B  (c) w ill require the use of a value of 0.5 rem yr for this group for 
purposes of planning and design.

In tern a l ex p osu re  o f  sin g le organs

34. The in d iv idu al maximum permissible annual dose will not be 
exceeded fr o m  in tern a l ex p osu re  of any single organ, if the release of 
radioactive m aterial is planned on the basis of Vio of the maximum per
missible concentration (MPC) in air or w ater as given for continuous 
occupational exposure (“168-hr w eek”) in the tables in the report of 
Committee I I ' .

W h ole-bod y  ex p osu re  from  u p ta k e  o f  s ev era l rad io iso top es a p p licab le  
to group  B (c).

35. When the radioactive isotopes in a m ixture are taken up by several 
organs in such a way that the combined exposure constitutes essentially 
whole-body exposure, a reduction of the maximum permissible concen
trations based on the exposure of single organs (see report of Committee II ')  
becomes necessary. The reduction should take into account the number 
and importance of the organs in question and the contribution to the 
whole-body exposure made by radioactive m aterial in the circulating 
blood and in organs other than those in which it is assumed to concentrate. 
In this case the total body is considered to be the critical organ and the 
MPC values for the individual radioisotopes are reduced so that the MPC 
for the m ixture corresponds to an average annual dose of 0.5 rem to the 
total body. F or such m ixtures of radioisotopes this is equivalent to a

* See footnote on page 71.
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reduction in the MPC values of the individual radioisotopes in the m ixture 
by a factor of lk  or less in addition to the factor of Vio recommended in 
paragraph 34.

E x p o s u r e  o f  t h e  p o p u l a t i o n  a t  l a r g e

36. The maximum total dose lim it for in d iv idu als  in the population at 
large [excluding those occupationally exposed and the special groups B  (a) 
and B (b)] should be that recommended for members of the special 
group B  (c) (cf. paragraph 33).

EXPO SU RE OF POPULATION
G e n e r a l

37. Proper planning for nuclear power programmes and other peaceful 
uses of atomic energy on a large scale requires a limitation of the exposure 
of whole populations, partly by limiting the individual doses and partly 
by limiting the number of persons exposed.

38. This lim itation necessarily involves a compromise between dele
terious effects and social benefits. Consideration of genetic effects plays 
a m ajor role in its evaluation. The problem has been discussed extensively 
in recent years and suggestions have been made by different national 
bodies. The Commission is aware of the fact that a proper balance between 
risks and benefits cannot yet be made, since it requires a more quantitative 
appraisal of the probable biological damage and the probable benefits 
than is presently possible. Furtherm ore, it must be realized that the factors 
influencing the balancing of risks and benefits will vary from country to 
country and that the final decision rests with each country.

39. Because of the urgent need for guidance in this regard, the Com
mission in the following sections suggests an interim ceiling for the 
exposure of the whole population. The proposed .level is essentially in 
accordance with suggestions by other scientific groups that have studied 
the problem and tried to evaluate the possible biological effects. I t  is felt 
that this level provides reasonable latitude for the expansion of atomic 
energy programmes in the foreseeable future. I t  should be emphasized 
that the lim it may not in fact represent the proper balance between possible 
harm  and probable benefit, for reasons already mentioned.

40. On the assumption that the genetic effects are linearly related to 
the gonad dose and provided that no threshold dose exists, it is possible to 
define a population dose average that is relevant to the assessment of 
genetic in jury to the whole population (paragraphs 41— 42). In the case
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of somatic effects no such dose can easily be defined, although the annual 
that the lim it may not in fact represent the proper balance between possible 
harm  and probable benefit, for reasons already mentioned.

G e n e t i c  d o s e  

A ssessm en t o f  g en etic  dose

41. The genetic dose to a population is the dose which, if it were 
received by each person from  conception to the mean age of childbearing, 
would result in the same genetic burden to the whole population as do the 
actual doses received by the individuals. A permissible genetic dose is that 
dose, which, if it  were received by each person from conception to the 
mean age of childbearing, would result in an acceptable burden to the 
whole population.

42. The genetic dose to a population can be assessed as the annual 
genetically significant dose multiplied by the mean age of childbearing, 
which for the purpose of these recommendations is taken to be 30 years. 
The annual genetically significant dose to a population is the average of 
the individual gonad doses, each weighted for the expected number of 
children conceived subsequent to the exposure.

M axim um  p erm iss ib le  g en etic  dose

43. I t  is suggested that the genetic dose (see paragraph 42) to the 
whole population from all sources additional to the natural background 
should not exceed 5 rem plus the lowest practicable contribution from 
medical exposure. The background is excluded from the suggested value 
because it varies considerably from country to country. The contribution 
from medical exposure is considered separately for the same reason and 
also because the subject is being studied for the purpose of limiting such 
exposure to the minimum value consistent with medical requirements.

A pportion m en t o f  g en etic  dose

44. The suggested maximum genetic dose of 5 rem in addition to the 
dose from medical procedures and natural background must not be used 
up by one single type of exposure. The proper apportionment of the total 
will depend upon circum stances which may vary from country to country, 
and the decision should, therefore, be made by national authorities.

A dden du m  to  p a rag rap h  44

(a) Illu stra tiv e  apportion m en t. The Commission does not wish to make 
any firm  recommendations as to the apportionment of the genetic
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dose of 5 rem but, for guidance, gives the following apportionment 
as an illustration:
(A) Occupational exposure 1.0 rem
(B) Exposure of special groups 0.5 rem
(C) Exposure of the population at large 2.0 rem

Reserve 1.5 rem

(b) Fraction s o f  popu lation . Assuming that the ratio of the total 
population to the reproductive population is the same in all groups, 
the largest fraction (e) of the whole population that can be exposed

to an average annual dose D\ is given by the equation:

e x  30 X D\ =  D'30 
where D '30 is the apportionment of the genetic dose to the ill> 
exposure group, and the average annual dose within the group can 
be expressed as a fraction of the maximum permissible individual

annual dose; i.e. D ‘l = F iD '1
(c) O ccu pational exposu re. Assigning 1.0 rem to occupational exposure 

would mean that 0.7n/o of the whole population could accumulate 
the maximum permissible occupational gonad dose of 60 rem by 
age 30. I t  is very unlikely that such a figure will be approached in 
the foreseeable future. At the present time, the number of persons 
occupationally exposed in technologically developed countries is 
about 0.1  — 0 .2%  of the population, and most of these persons 
receive doses which are considerably less than the maximum 
permissible doses.

(d) E x p osu re o f  sp ec ia l groups. Since the contribution from the special 
groups is largely due to group B (c), an apportionment of 0.5 rem 
for the special groups would imply that about 3°/o could be exposed 
to the maximum permissible individual annual gonad doses for 
these groups. The allowable size of these groups varies inversely 
with the average dose within the groups. Thus, if this dose were 
only 10°/o of the maximum individual doses, the groups could 
amount to 30%> of the whole population, which is very much larger 
than is likely to occur.

(e) E xposu re o f  th e  popu lation  at large. The apportionment of 2.0 rem 
(with a long-term  reserve of 1.5 rem for possible eventualities) 
for the genetic exposure of the population at large is intended for 
planning purposes in the development of nuclear energy pro-
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grammes (with the associated waste disposal problems) and more 
extensive uses of radiation sources. In the case of internal 
exposure, the radioisotopes of interest are those that contribute 
to the gonad dose directly (by local concentration) 6 r indirectly 
(by radiation produced elsewhere in the body). In either case the 
maxim um permissible concentration in air and w ater of these 
isotopes recommended by Committee II*  for continuous occupa
tional exposure (“168-hour w eek”) are based on an average yearly 
dose of 5 rem  in the gonads or the whole body. I f  for these isotopes 
the average concentration in public a ir and w ater supplies are 
lower than the values recommended for continuous occupational 
exposure by a factor of Vioo, the genetic dose to the population 
would amount to 1.5 rem. (5 x Vioo rem/yr in the gonads x 30 yr =  
=  1.5 rem.) In this case the contribution from  external sources 
should be limited to 0.5 rem in order not to exceed the total of 2 rem.

S o m a t i c  d o s e

45. No specific recommendations are made as to the maxim um per
missible “som atically” relevant dose to the population. However, it is 
expected that the maximum permissible lim its of the individual total doses 
recommended in paragraphs 24—36 w ill keep the average dose in any tissue 
at such a level that the in juries that could possibly occur in a population 
would be well within acceptable limits. (See paragraph 9.)

46. In the case of external exposure of the whole body to penetrating 
radiation the restriction imposed by the genetic dose to the population as 
a whole automatically reduces the doses to internal organs below the 
in d iv idu al maximum permissible annual doses recommended in paragraphs 
24— 36. Thus the probability of somatic in jury in these organs is con
siderably lower than indicated in paragraph 45. The same thing applies 
to internal exposure resulting from radioisotopes that directly or indirectly 
contribute to the gonad dose of a population. (See addendum to paragraph 44.)

47. There remain for further consideration those isotopes that con
centrate in specific organs (other than the gonads). In view of the existing 
uncertainty as to the dose-effect relationships for somatic effects, it is 
suggested that for planning purposes the average concentrations of such 
isotopes, or m ixtures thereof, in air or water, applicable to the population 
at large should not exceed V30 of the MPC values for continuous occupa
tional exposure given in the report of Committee II*. The word average 
refers to the concentration of radioactive nuclides, averaged over a year, 
in the total intake to the average person of the population.

* See footnote on page 71.
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M edical ex p osu re
48. Estim ates of the current annual genetically significant dose from 

medical procedures in various countries were surveyed in a report of a 
jo in t study group of the ICRP and ICRU to the United Nations Scientific 
Committee on the E ffects of Atomic Radiation. The United Nations 
Scientific Committee gives the following summary statement in its 1958 
report to the General Assembly:

“The contribution made by medical procedures to the radiation 
exposure of populations has only lately been estimated and has increased 
very rapidly in some countries in recent years, so that it is difficult to 
evaluate such genetic and somatic effects as are associated with an 
increasing employment of radiological procedures in medicine. No infor
mation is yet available for prediction of the future trend of medical 
exposures. It  is expected that improvements in equipment and techniques 
may considerably reduce individual exposures, but the ever-expanding 
use of X -ray s may w ell increase the world population dose. Precautions 
of the type described by the International Commissions on Radiological 
Protection and on Radiological Units and Measurements should make 
possible such reduction of exposure to radiation as is without detrim ent 
to the medical value of these procedures”.

49. Reported values of the annual genetically significant dose in 
various countries range up to about 150 mrem, corresponding to a genetic 
dose of 4.5 rem (from conception to age 30 years, averaged over the whole 
population). Even with the highest values reported (corresponding to the 
genetic dose of 4.5 rem), the total genetic dose from all types of exposure 
would not exceed 10 rem if  the apportionment for the contributions from 
other exposure sources than medical is not exceeded. There are indications 
that the highest levels of medical exposure reported could be reduced 
significantly by careful attention to techniques. On the other hand, the 
use of X -ray s may increase, although probably to a lesser degree in the 
countries which now report the most extensive use. A certain allowance 
for medical exposure of populations must be made and may be made in 
the near future as the subject is being studied for the purpose of limiting 
such exposure to the minimum value consistent with medical requirements.

STA TEM EN TS ON CERTA IN  ITEM S NOT INCLUDED IN THE 1958 
RECOMMENDATIONS 

O ccupational ex p osu re  o f  p regn an t w om en
W ith regard to occupational exposure of pregnant women the Com

mission notes that:
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(1) I t  is especially in respect of somatic damage to foetal tissues that 
pregnant women present a “special risk problem” in case of 
occupational exposure.

(2) Any special recommendations for pregnant women must in practice 
apply to all women of reproductive age.

O ccu pation al w ork in g  hours and, len g th  o f  v acation

The Commission considers that with the present maximum permissible 
exposure levels no special treatm ent of radiation workers with respect to 
working hours and length of vacation is required.

E m ergen cy  ex p osu re  o f  en v iron m en ta l p opu lation s

This subject was discussed extensively during the Munich meetings 
and the Commission considers that the British  report*, recommending 
criteria for acceptable levels under emergency conditions of I 131, S r89, S r90 
and Cs137 ingested in food or milk, constitutes a useful and sound approach 
to the subject.

* Report to the Medical Research Council by its Committee on Protection against 
Ionizing Radiations, Brit. m ed. J .  1 (1959) 967—969.
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II I . M AXIM UM  P E R M IS SIB LE  CON CEN TRATIONS O F RAD IO A CTIVE  
N U CLID ES IN  A IR  AND W A TER

The following m aterial has been extracted from  the report of Com
m ittee II*  of the International Commission on Radiological Protection. 
The official publications of the ICRP should be consulted to confirm any 
important points.

50. O ccu pation al ex p osu re  (category  A).

The basic rules concerned with occupational exposure due to 
internally deposited radionuclides are the following:

(a) The dose to the gonads or to the total body during any period of 
13 consecutive weeks shall not exceed 3 rem. The dose to the 
gonads or to the total body at age N years shall not exceed 
5 (N — 18) rem in cases where occupational exposure begins after 
age 18. I f  occupational exposure begins before age 18, the yearly 
dose before age 18 shall not exceed 5 rem  and the dose to age 30 
shall not exceed 60 rem.

(b) The effective R B E  dose delivered to the bone from internal or 
external radiation during any 13-week period averaged over the 
entire skeleton shall not exceed the average R B E  dose to the 
skeleton due to a body burden of 0.1 jxc of Ra226. In  computing the 
effective R B E  dose to the skeleton, a ll absorbed energy shall be 
weighted by a relative damage factor n. The relative damage 
factor, n, is taken as 1 for a ll energy absorbed from external 
radiation and for all internal em itters when the element taken 
into the body is an isotope of radium. I f  the isotope taken into the 
body is not an isotope of radium the relative damage factor, n, 
is taken as 1 for all energy absorbed from X -  or gamma radiation 
and as 5 for all other energy components, whether they originate 
from  the parent or the daughters it produces in the body.

(c) The dose to any single organ of the body, excepting the gonads, 
bone, skin and thyroid, shall not exceed 4 rem  in any 13-week 
period, or 15 rem  in 1 year. The dose to skin and thyroid shall not 
exceed 8 rem  in any 13-week period, or 30 rem in 1 year.

51. I t  is recommended that:
(1) I f  there is no occupational external exposure, the concentration 

of a radionuclide or a m ixture of radionuclides in air and in w ater which

* See footnote on page 71.
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m ight be consumed by plant personnel during a 40-hr week be kept at 
levels not exceeding the appropriate MPC values listed in Table III. 1. 
I f  there is occupational external exposure, the MPC values must be lowered 
to bring the total R B E  doses within the lim its prescribed by the basic 
rules. Thus, if D rem  is the quarterly dose permitted to an organ by the 
basic rules and if external radiation delivers a dose of E  rem per quarter, 
then the MPC based on this organ must be reduced by the factor (D — E)/D. 
The calculation of an acceptable level for the case of a m ixture of radio
nuclides is referred to in paragraph 55.

(2) Alternatively, over a period of 13 weeks, the concentrations of the 
various radionuclides present in air or in water may be allowed to vary, 
provided that the total intake during any 13-week period does not exceed 
the total intake permitted by exposure at the constant levels indicated in 
sub-section (1) above. I t  should be realized that, while this method is in 
accordance with the basic recommendations, its use is cumbersome, 
expensive and generally difficult, because it requires accurate and con
tinuous monitoring of work areas and the keeping of detailed exposure 
histories for each individual. Its use is, therefore, only justified in 
exceptional cases.

The safest and simplest procedure to use in keeping within the basic 
limits (a), (b) and (c) in paragraph 49 is to keep the level of contamination 
of the air, w ater or food consumed by plant personnel in the controlled 
area at or below the level indicated by the MPC values. These values are 
given for an exposure period of 40 hr/week and 168 hr/week. I f  a person’s 
work assignments are such that he spends only 8 hr each week in the 
exposure area, the applicable MPC values are 5 times those listed for a 
40-hr week in Table III. 1. However, this requires considerable care to 
determine that he is effectively unexposed during the remainder of his 
working week. I f  he spends 48 hr each week in the exposure area, the 
applicable MPC values are -Vo of tfiose listed for a 40-hr week in Table III. 1. 
Sim ilarly, when applied to food they generally will require modification 
to take account of the amount ingested.

52. E xposu re o f  sp ec ia l groups  (category B).
The dose to the gonads or blood-forming organs of an individual 

belonging to either of the groups B (a) or B (b ) shall not exceed 1.5 rem/yr, 
and the corresponding lim it for an individual of class B (c) is set at 
0.5 rem/yr. I f  no external radiation results from operations within the 
controlled area, the corresponding maximum permissible concentration 
values for groups B (a ) and B (b ) are 3/io of the occupational values for the 
40-hr week, and for group B  (c) are Vio of the occupational values for con
tinuous exposure, i.e. for the 168-hr week. I f  external radiation results from
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operations within the controlled area and the dose due to this external 
radiation is E  rem/year, then these values are to be reduced by the factor 
(D —  E)/D, w here D =  1.5 for groups B  (a) and B  (b) and D =  0.5 for group 
B (c). The computation of the maximum permissible concentration for a 
m ixture is referred to in paragraph 55. I f  the radiation field (external and 
internal) does not irradiate significantly the gonads or blood-forming 
organs, the maximum permissible concentration for an individual belonging 
to the group B (c) shall be Vio the MPC value for continuous occupational 
exposure. Since the exposure of an individual belonging to group B  (a) or 
group B  (b) is directly related to his work in or near the controlled area, 
the MPC for such an individual shall be Vio the MPC for occupational 
exposure of an individual with the same work period per week. Thus, if 
the working period is 40 hr/week, then the MPC for individuals of group 
B (a) and B (c) shall be Vio the MPC for the 40-hr week.

53. E x p osu re  o f  popu lation s  (category C).

(a) G en etic  an d  to ta l b od y  dose. The IC RP has suggested limits on the 
a v era g e  genetic dose to a population. These suggested lim its are 
not considered to be definitive but are offered for guidance in 
planning nuclear energy programmes. Tentatively, if 2 rem  to age 
30 years are allowed for the average genetic dose from  man-made 
radiation (other than medical exposures), 1.5 rem is suggested as 
a lim it for the internal dose to the gonads from  such sources. Since 
the continuous occupational levels (168 hr/week) permits 150 rem 
in 30 years to the gonads, such a continuous occupational MPC 
must be multiplied by a factor of 0.01 to give an equivalent con
stant level of exposure. The IC RP has suggested that the same 
dose lim it (1.5 rem/30 yr) and reduction factor (0.01) are to be 
applied when the total body is the critical organ. Except in a few 
cases, sufficient data for an estim ate of gonad dose are lacking. 
In  the absence of an MPC value based on the gonads, it is recom
mended that 0.01 of the MPC based on total body be used. The 
extent to which many of these nuclides contribute to the gonad 
dose is under investigation by the Committee.

(b) S om atic  dose . For a radionuclide or m ixture of radionuclides which 
does not have the total body or the gonads as critical organ, it is 
suggested that the average permissible level for large populations 
be Vso the continuous occupational value (168 hr/week) computed 
according to the basic rules (b) and (c) given in paragraph 50. The 
Internal Dose Committee of the IC R P  and of several national
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organizations are studying the problem of the long-term  effects 
of low -level exposure to the population at large with respect to 
somatic damage to the exposed individual, genetic damage to his 
children, ecological damage, etc.

54. M axim um  p erm iss ib le  con cen tration  o f  u n id en tified  rad ion u clides.

The identity of the radioactive contaminants in air, w ater and food 
must be established before the appropriate maximum permissible con
centration values can be applied either for occupational exposure or for 
exposure to populations outside controlled areas. Sometimes, however, 
prelim inary surveys reveal the presence of radioactive contamination, and 
considerable uncertainty exists as to which radionuclides are the m ajor 
contributors. I f  it is determined that certain of the more dangerous radio
nuclides are not present, i.e. the concentration of the more dangerous is 
sm all compared with the MPC values in Table III. 1, the operation may be 
continued safely regardless of the radionuclide or m ixture of radionuclides, 
provided that the concentration does not exceed the values for maximum 
permissible concentration of unidentified (MPCU) radionuclides as listed 
in Table III. 2 for w ater or in Table III . 3 for air. These MPCU values are 
applicable to continuous occupational exposure (168-hr week), and should be 
multiplied by Vio if they are to be applied as interim  values outside of and in 
the neighbourhood of the controlled exposure area. It  should be pointed out 
that the use of MPCU values may save an immense amount of effort and 
expense if they are applied properly to avoid unnecessary radionuclide 
analyses in areas where the air, water and food contamination is usually less 
than the appropriate MPCU values. On the other hand, they can impose 
a needless penalty if improperly applied. For example, if initial measure
ments indicate a negligible amount of R a226 and R a228 in the drinking w ater 
of a small community near an atomic energy laboratory, and if it is 
determined by daily gross a-, p- and y-sample counting that the activity 
does not exceed the MPCU value (Vio x 1 x lO-^ic/cm3 =  1 x 10-7p,c/cm3) it 
would seem foolish to carry out a daily radiochemical analysis of this 
water. If, on the other hand, the level ranged between 10~5 and 
2 x 10~5(ic/cm3, it would be unwise to shut down the plant or to instigate 
an expensive modification of the operation without first identifying the 
radionuclides, for it might be that the contamination in the w ater is from 
Na24 and P 32. In  this case, the appropriate MPC value for application in 
the neighbourhood of the plant is Vio x 2 x 10-3 =  2 x 10~* and Vio x 2 x 10-4 =  
=  2 x 10-5, respectively (see Table III . 1).
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Appendix I

5o. M axim um  p erm iss ib le  con cen tration s o f  kn ow n  m ix tu res o f  ra d io 
nuclides.

For the procedure to be adopted in computing the maximum per
missible concentration of known m ixtures of radionuclides, the reader is 
referred to the relevant section of the report of IC R P Committee II*.

* See footnote on page 71. 
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TA BL E  III. 1

ABRIDGED VERSION OF TABLE OF MAXIMUM PERMISSIBLE 
CONCENTRATIONS OF RADIONUCLIDES IN AIR AND IN WATER 
FOR OCCUPATIONAL EXPOSURE PUBLISHED IN REPORT OF 

COMMITTEE II ICRP

Critical
Maximum permiss 

For 40-hr week
ible concentrations 

For 168-hr week
organ* (MPC)1V

(uc/cm1)
(MPC)a
((ic/cm1)

(MPC)W
(uc/cms)

(MPC):l 
(uc cms)

iH3 (HTO or H |0)
(sol.)

Body tissue 
Total body

0.1 5x10-“ 0.03 2x10-“

(H i ) (submersion) Skin 2xl0-3 4xl0~4

4Be7 (sol.) G I (LLI) 
Total body

0.05
6X10-6

0.02
2x10"*

(insol.) Lung 
GI (LLI) 0.05

10-«
0.02

4xl0-:

gCU (CO2) (sol.) Fat 0.02 4x10-0 8XIO- 3 io -«

(submersion) Total body 5xl0-5 10-5

0FI8 (sol.) GI (SI) 0.02 5x10-° 8XIO- 3 2x10-“

(insol.) G I (ULI) 0.01 3x10“® 5X10-3 9xl0-7

nNa22 (sol.) Total body IO- 3 2xl0~7 4x10-* 6xl0-a

(insol.) Lung 
G I (LLI) 9x10-*

9xl0~9
3x10-*

3x10-"

n N a 2-* (sol.) G I (SI) 6XIO- 3 io -° 2xl0~3 4xl0-7

(insol.) G I (LLI) 8XIO- 4 10 -7 3xl0-> 5x10-*

uSi3i (sol.) G I (S) 0.03 6x10-° 9xl0~3 2x10-®

(insol.) G I (ULI) 6xl0-» 10-o 2xl0-3 3xl0~7

* The abbreviations GI, S, SI, ULI and LLI refer to gastrointestinal tract, stomach, 
small intestine, upper large intestine, and lower large intestine, respectively.
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Radionuclide Critical
Maximum permiss 

For 4Q-hr week
lble concentrations 

For 168-hr week
organ (MPC)W

(|ic/cm8)
(MPC)a
((ic/cm»)

(MPC)W
(nc/crn*)

(MPC)a
(|j.c/cm5)

15P32 (sol.) Bone 5x10-* 7xl0 - 8 2X 10-4 2x l0 - 8

(insol.) Lung 
G I (LLI) 7x10-*

8x10“®
2X10- 4

3xl0- 8

ieS35 (sol.) Testis 2x l0 - 3 3xl0~7 6x 10-* 9X 10-8

(insol.) Lung 
G I (LLI) 8X1 0 - 3

3xl0 - 7
3x10-3

9X 10-8

17C136 (sol.) Total body 2x10-3 4xl0 -7 8X10- 4 i o - 7
(insol.) Lung 

GI (LLI) 2x10-3
2 x l0 - 8

6x 10—*
8x10-"

17C138 (sol.) GI (S) 0 .01 3xl0-« 4x10-3 9xl0~7

(insol.) G I (S) 0.01 2X 10-6 4x10-3 7xl0 - 7

isAr37
(submersion)

Skin 6x l0 - 3 i o - 3

18AH1
(submersion)

Total body 2X10- 6 4xl0“ 7

19K42 (sol.) G I (S) 9x10-3 2 xlO-o 3x10-3 7xl0- 7

(insol.) G I (LLI) 6x10- “ i o - 7 2x10 *̂ 4xl0 - 8

2oC a« (sol.) Bone 3x10-* 3xl0~8 9x10-= 10 -«

(insol.) Lung 
G I (LLI) 5x10-3

i o - 7
2x10-3

4x10-3

2oCa47 (sol.) Bone lO- 3 2 x l0~7 5x10-* 6X 10-8

(insol.) G I (LLI) 
Lung

10-3 2 x l0 - 7
2 x l0 “ 7

3x10-* 6x10-3
6x10-3

2lSc^6 (sol.) G I (LLI) 
L iver

10-3 2 x l0“ 7
2x l0 " 7

4X10- 4 8X10- 8
8x1 0 - “

(insol.) Lung 
G I (LLI) 10-3

2x l0 - 8
4x10-*

8 x l0 “9
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

((xc/cm3)
(MPC)a
([ic/cm*)

(MPC)W
(|ic/cm3)

(MPC)a
((ic/cm*)

2iS c « (sol.) GI (LLI) 3X10- 3 6 x l0 - 7 9X10- 4 2 x l0 - 7

(insol.) G I (LLI) 3X10- 3 5xl0 - 7 9X10- 4 2 x l0“ 7

2lSc48 (sol.) GI (LLI) 8 x l0 -4 2 x l0 -7 3X10- 4 6 x10 -®

(insol.) GI (LLI) 8X10- 4 10- ’ 3xl0~* 5x10-“

23V48 (sol.) GI (LLI) 9X10- 4 2 x l0 - 7 3x10“ 4 6x 10-®

(insol.) Lung 
G I (LLI) 8X10- 4

6 x1 0 -®
3X10- 4

2 x10-®

2 4 C r« l (sol.) GI (LLI) 
Total body

0.05 i o ~ 5
i o - 5

0 .0 2 4xl0-«
4X10-6

(insol.) Lung 
G I (LLI) 0.05

2 x10-°
0 .0 2

8 x l0~ 7

25Mn52 (sol.) G I (LLI) 1 0 - 3 2 x l0 - 7 3X10- 4 7x10-®

(insol.) Lung 
G I (LLI) 9x10-“

i o - 7
3xl0 -4

5x10“®
5xl0~®

25Mn54 (sol.) G I (LLI) 
L iver

4X10-3
4xl0~7

10-5
i o - 7

(insol.) Lung 
G I (LLI) 3X10- 3

4X10-8
10-5

i o - «

25M11* (sol.) GI (LLI) 4X10- 3 8x l0 - 7 10-5 3xl0~7

(insol.) G I (LLI) 3X10- 3 5xl0 -7 10-5 2 x l0 - 7

2GFe55 (sol.) Spleen 0 .0 2 9xl0 -7 8x10-5 3xl0~7

(insol.) Lung 
GI (LLI) 0.07

i o - «
0 .0 2

3xl0“ 7

2oFe59 (sol.) G I (LLI) 
Spleen

2x10-5
i o - 7

6X10- 4
5x10-®

(insol.) Lung 
G I (LLI) 2x10-5

5x10-®
5X10- 4

2 x10-®
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(|xc/cms)
(MPC),
((ic/cm3)

(MPC)W
(uc/cm3)

(MPC)a
(|xc/cm5)

27Co57 (sol.) GI (LLI) 0.02 3xl0 - 6 5x10-3 10-6

(insol.) Lung 
GI (LLI) 0.01

2 x1 0 "
4x10-3

6x l0 -8

27C 058 m (sol.) GI (LLI) 0.08 2x l0~5 0.03 6x l0 -«

(insol.) Lung ■ 
GI (LLI) 0.06

9x10-°
0 .02

3x10-°

27Co 8̂ (sol.) G I (LLI) 
Total body

4xl0 -3 8x l0~ 7 10-3 3xl0 - 7
3xl0 - 7

(insol.) Lung 
G I (LLI) 3xl0 -3

5xl0~8
1 9xl0 - 4

2 x l0~8

27C 0 CO (sol.) GI (LLI) 
Total body

1 0 - 3 3xl0 -7 5X10- 4 1 0 - 7
1 0 - 7

(insol.) Lung 
GI (LLI) 1 0 - 3

9xl0 -9
3X10- 4

3xl0-»

2gNi59 (sol.) Bone 6x l0 -3 5xl0 -7 2 x l0 - 3 2 x l0 - 7

(insol.) Lung 
G I (LLI) 0.06

8 x10“'
0 .02

3xl0 -7

28Ni<!3 (sol.) Bone 8 XIO- 4 6x l0 - 8 3xl0~* 2 x l0 - 8

(insol.) Lung 
GI (LLI) 0.02

3xl0~7
7X10- 3

1 0 - 7

28Ni65 (sol.) GI (ULI) 4X10-3 9xl0~7 10-3 3xl0 -7

(insol.) GI (ULI) 3xl0 - 3 5xl0~7 1 0 - 3 2 x l0 - 7

29CU64 (sol.) GI (LLI) 0.01 2x 1 0 -° 3x10-3 7xl0~7

(insol.) G I (LLI) 6x l0 - 3 1 0 - 6 2X10- 3 4xl0“ 7

3oZn«s (sol.) Total body
Prostate
Liver

3X10- 3 1 0 - 7
1 0 - 7
1 0 - 7

1 0 - 3
1 0 - 3
10-3

4X10- 8
4X10- 8

(insol.) Lung 
GI (LLI) 5X10- 3

6x10-®
2X10- 3

2 x l0 - 8
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(|xc/cm3)
(MPC)a
(jj.c/cms)

(MPC)W
(|xc/cms)

(MPC)a
(jic/cm5)

3oZn69m (sol.) G I (LLI) 
Prostate

2x l0-3 4xl0“7
4 x l0 -7

7X10-4
i o - 7

(insol.) G I (LLI) 2X10-3 3 x l0 -7 6X10-4 i o - 7

30Zn09 (sol.) GI (S) 
Prostate

0.05
7x10-®

0.02
2xlO-o

(insol.) G I (S) 0.05 9X10-6 0.02 3xl0-o

3iGa"2 (sol.) GI (LLI) i o - 3 2 x l0 -7 4X10-4 8x10-“

(insol.) G I (LLI) 10-3 2xl0-7 4x10-* 6x10-*

32Ge'i (sol.) G I (LLI) 0.05 i o - 5 0.02 4xlO-o

(insol.) Lung 
GI (LLI) 0.05

6x10-®
0.02

2xlO~o

33A s 73 (sol.) GI (LLI) 
Total body

0.01
2X10-6

5X10-3
7 x l0 -7

(insol.) Lung 
G I (LLI) 0.01

4x l0"7
5x10-3

i o - 7

3.sA s "4 (sol.) G I (LLI) 2xl0“3 3x l0“7 5x10-* 10^7

(insol.) Lung 
GI (LLI) 2 x l0 -3

i o - 7
5X10-4

4x10-“

33A s7|5 (sol.) G I (LLI) 6x10-* i o - 7 2X10-4 4x10_H

(insol.) GI (LLI) 6X10-4 i o - 7 2xl0~4 3x10-"

33A s ~7 (sol.) G I (LLI) 2x10-3 5xl0~7 8x10-* 2xl0“7

(insol.) G I (LLI) 2X10-3 4xl0“7 8xl0~4 i o - 7

34Sera (sol.) Kidney 
Total body

9X10-3 10-o
10-o

3x10-’
3X10-3

4x l0 "7

(insol.) Lung 
G I (LLI) 8x10-3

10~7
3x10-3

4x10-®
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Radinminlide Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

((ic/cm3)
(MPC)a
(|xc/cms)

(MPC)W
((jic/cm*)

(MPC)a
(nc/crn*)

35Br82 (sol.) Total body 
GI (SI)

8x10-5
8 x l0 -3

io- 6 3x10-5
3x10-5

4xl0~7

(insol.) G I (LLI) 10-5 2x l0 -7 4x10—* 6X10-8

ijoK r85 m (submersion) Total body 6x10-° io- 6

3fiKr85 (submersion) Total body 10-5 3X10-6

scKrW (submersion) Total body 10-« 2 x l0 -7

37Rb86 (sol.) Total body
Pancreas
Liver

2x10-5
2x10-5

3x l0 -7
3x l0"7

7X10-4
7X10-4

i o - 7
i o - 7
i o - 7

(insol.) Lung 
G I (LLI) 7X10-4

7 x l0 -8
2x10-*

2x10-8

37Rb87 (sol.) Pancreas 
Total body 
Liver

3x10-5 5x l0 -7 lO-3 2xl0~7
2xl0-7
2xl0-7

(insol.) Lung 
G I (LLI) 5x10-5

7X10-8
2x10-5

2X10-8

3gSr85 m (sol.) G I (SI) 0.2 4x l0 -5 0.07 10-5

(insol.) G I (SI) 0.2 3X10-5 0.07 10-5

38Sr8a (sol.) Total body 3X10-3 2xl0~7 10-5 8x10-8

(insol.) Lung 
G I (LLI) 5x10-5

i o - 7
2x10-5

4x10-8

3«Sr89 (sol.) Bone 3x10-* 3X10-8 10-* 10-8

(insol.) Lung 
G I (LLI) 8X10-4

4X10-8
3x10-*

10-8

3sSr9tl (sol.) Bone 4x10“® 3xlO-‘o i o - * 10-to

(insol.) Lung 
G I (LLI) IQ"3

5x10-*
4x10-*

2x10-*
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Critical
Maximum permiss 

For 40-hr week
ible concentrations 

For 168-hr week
organ (MPC)W

(lic/cm3)
(MPC)a 
(uc/cm3)

(MPC)W
(|ic/cm')

(MPC)a
((ic/cm*)

38Sr91 (sol.) GI (LLI) 2x10-’ 4x l0-7 7X10-4 2 x l0 -7

(insol.) G I (LLI) 10-3 3xl0-7 5x10“4 9X10-8

38Sr92 (sol.) G I (ULI) 2XI0-3 4 x l0"7 7X10-4 2xl0~7

(insol.) G I (ULI) 2x10-’ 3xl0-7 6 x l0 -4 i o - 7

39Y90 (sol.) G I (LLI) 6X10-4 i o - 7 2X10-4 4 x l0 -8

(insol.) G I (LLI) 6x10 -4 i o - 7 2x l0“4 3 x l0 -8

8»Y91 ™ (sol.) G I (SI) 0.1 2 x l0 -5 0.03 8xl0~«
i

(insol.) G I (SI) 0.1 2x10-5 0.03 6X10-6

3!)Y»1 (sol.) G I (LLI) 
Bone

8x10-*
4x10“®

3X10-4
10-«

(insol.) Lung 
G I (LLI) 8xl0-4

3 x l0 -8
3X10-4

10-o

311Y92 (sol.) G I (ULI) 2 x l0 -3 4xl0-7 6xl0“4 i o - 7

(insol.) GI (ULI) 2 x l0 -3 3xl0-7 6 x l0 -4 i o - 7

8!)yos (sol.) G I (LLI) 8xl0~4 2 x l0 "7 3X10-4 6x10“*

(insol.) G I (LLI) 8x10-* i o - 7 3X10-4 5x10-®

40Zr93 (sol.) G I (LLI) 
Bone

0.02
i o - 7

8X10-3
4 x l0 -8

(insol.) Lung 
G I (LLI) 0.02

3xl0-7
8X10-3

i o - 7

4oZr35 (sol.) G I (LLI) 
Total body

2 x l0 -3
i o - 7

6X10-4
4 x l0 -8

(insol.) Lung 
GI (LLI) 2 x l0 "3

3xl0-e
6X10-4

lO-8
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(uc/cm1)
(MPC)a
(jxc/cms)

(MPC)W
(uc/cm3)

(MPC)a
(jxc/cm5)

40Zr97 (sol.) GI (LLI) 5X10-4 10-7 2x10-* 4x10-®

(insol.) GI (LLI) 5X 10-4 9X 10-8 2x10-* 3 x l0 -8

4lNb93m (sol.) G I (LLI) 
Bone

0.01
io -7

4 x l0 -3
4xlO-B

(insol.) Lung 
G I (LLI) 0.01

2xl0~7
4x10-3

5x10-3

4lNb«5 (sol.) G I (LLI) 
Total body

3 x l0 -3
5 x l0 -7

10-3 2xl0“7
2 x l0 -7

(insol.) Lung 
G I (LLI) 3X10-3

io -7
10-3

3xl0-»

4lNb»7 (sol.) G I (ULI) 0.03 6x10“® 9x10-3 2X10-6

(insol.) G I (ULI) 0.03 5xl0-» 9x10-3 2x10-®

42M099 (sol.) Kidney 
G I (LLI)

5x10-’ 7xl0~7 2x10-3
2x10-3

3xl0~7

(insol.) G I (LLI) io -3 2xl0“7 4x10“* 7X10-8

43Tc9Gm (sol.) G I (LLI) 0.4 8 x l0 -5 0.1 3 x l0 -5

(insol.) Lung 
G I (LLI) 0.3

3xl0~5
0.1

10-5

43Tc98 (sol.) G I (LLI) 3X10-3 6 x l0 -7 10-3 2x l0 -7

(insol.) G I (LLI) 10 3 2x l0"7 5x10-* 8X10-8

43Tc97m (sol.) G I (LLI) 0.01 2x10-3 4x10-3 8x l0"7

(insol.) Lung 
G I (LLI) 5x10-3

2xl0“7
2x10-3

5x10-3

43TcOT (sol.) G I (LLI) 
Kidney

0.05 10~3
10-3

0.02 4x10-*
4xl0-«

(insol.) Lung 
G I (LLI) 0.02

3xl0-7
8xl0~3

i o - 7
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Critical
Maximum permiss: 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(|ic/cm’)
(MPC)a
(jic/cm8)

(MPC)W
(fic/cm3)

(MPC)a
((ic/cm3)

43Tc99»> (sol.) G I (ULI) 0 .2 4X10-3 0.06 1 0 - 5

(insol.) GI (ULI) 0.08 1 0 - 5 0.03 5x10-®

43T c!» (sol.) GI (LLI) 0 .01 2x 1 0 -° 3x10-3 7xl0“ 7

(insol.) Lung 
G I (LLI) 5xl0~3

6 x l0 - 8
2X10- 3

2 x l0 - 8

44RU9" (sol.) GI (LLI) 0 .01 2x10 -® 4x10-3 8 x l0 - 7

(insol.) G I (LLI) 
Lung

0.01 2 x1 0 -®
2x l 0~®

3x10-3 6 x l0 - 7

44RU1® (sol.) GI (LLI) 2X10- 3 5xl0 -7 8 x l0 - 4 2 x l0 - 7

(insol.) Lung 
G I (LLI) 2x10-3

8x l0~8
8 XIO- 4

3x10-®

44R u 103 (sol.) GI (ULI) 3X10- 3 7x10-’ 10-3 2x l0 - 7

(insol.) G I (ULI) 3X10- 3 5xl0 -7 10-3 2 x l0 “ 7

44RUWO (sol.) G I (LLI) 4X10- 4 8X10-8 lO- 4 3x10-8

(insol.) Lung 
G I (LLI) 3x10—*

6 x l0 -»
10-4

2 x10- “

43R h l03m (sol.) G I (S) 0.4 8 x l0-5 0.1 3X10- 5

(insol.) G I (S) 0.3 6x l0 - 5 0.1 2X10- 5

4oR h'05 (sol.) GI (LLI) 4xl0 - 3 8 x l0 - 7 lO- 3 3xl0 " 7

(insol.) GI (LLI) 3x10-3 5xl0 - 7 lO- 3 2 x l0~ 7

4«Pdl03 (sol.) G I (LLI) 
Kidney

0.01
10-®

3x10-3
5xl0- 7

(insol.) Lung 
G I (LLI) 8x10-3

7xl0 - 7
3x10-3

3xl0 -7
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Critical
Maximum permiss 

For 40-hr week
ible concentrations 

For 168-hr week
organ (MPC)W

(uc/cm3)
(MPC)a
(|ic/cms)

(MPC)W
(uc/cm3)

(MPC)a
(fic/cm3)

4G Pdl09 (sol.) GI (LLI) 3x l0-3 6xl0-7 9X10-4 2 x l0 -7

(insol.) GI (LLI) 2X10-3 4 x l0 -7 7X10-4 i o - 7

47A gl05 (sol.) GI (LLI) 3xl0-3 6 x l0 -7 10-3 2xl0“7

(insol.) Lung 
G I (LLI) 3 x l0 -3

8X10-8
i o - »

3x10“®

47AgH0 m (sol.) GI (LLI) 9x10^ 2xl0“7 3X10-4 7x10-®

(insol.) Lung 
G I (LLI) 9x10-*

i o - 8
3X10-4

3x10-“

47AglH (sol.) G I (LLI) 10-3 3x l0 -7 4X10-4 i o - 7

(insol.) G I (LLI) 10-3 2 x l0 -7 4X10-4 8x10-®

48Cdl09 (sol.) GI (LLI)
Liver
Kidney

5xl0-3
5X10-8

2x10^
2x10-®
2xl0~®

(insol.) Lung 
G I (LLI) 5xl0-3

7x10-®
2X10-3

3x10-®

48CdH5m (sol.) G I (LLI)
Liver
Kidney

7xl0-4
4x10-®
4x10“®

3x10-*
io -®

(insol.) Lung 
GI (LLI) 7x10-*

4xl0_®
3X10-4

i o - «

48CdH5 (sol.) G I (LLI) 10~3 2 x l0 -7 3x10-* 8x10-®

(insol.) G I (LLI) i o - 3 2 x l0 -7 4X10-4 6x10-®

49Inll3m (sol.) G I (ULI) 0.04 8xl0-« 0.01 3x10“®

(insol.) GI (ULI) 0.04 7x10-0 0.01 2x10-“
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(|ic/cms)
(MPC)a
(|ic/cms)

(MPC)W
((xc/cm3)

(MPC)a
(p,c/cms)

49lnU 4m (sol.) GI (LLI)
Kidney
Spleen

5x10-“ i o - 7
1 0 - 7
i o - 7

2X10-4 4x10-8
4x10“®
4 x l0 -8

(insol.) GI (LLI) 
Lung

5x10-“
2X10-8

2X10-4
7xl0~9

49InH 5m (sol.) G I (ULI) 0.01 2x10“® 4xl0-3 8xl0-7

(insol.) GI (ULI) 0.01 2X10-6 4 x l0 -3 6 x l0 -7

49lnU 5 (sol.) G I (LLI) 
Kidney

3x10-®
2x l0 -7

9X10-4
9x10-8

(insol.) G I (LLI) 
Lung

3x l0 -3
3x10-8

9X10-4
lO-8

50SnH 3 (sol.) G I (LLI) 
Bone

2X10-3
4 x l0 -7

9X10-4
i o - 7

(insol.) Lung 
G I (LLI) 2xl0~3

5 x l0 -8
8X10-4

2x10-8

so S n ias (sol.) G I (LLI) 5xl0-4 i o - 7 2X10-4 4x10-8

(insol.) Lung 
G I (LLI) 5X10-4

8x10-8
2x10-*

3x10-8
3X10-8

5lSbl22 (sol.) G I (LLI) 8X10-4 2xl0“7 3X10-4 6 x l0 -8

(insol.) G I (LLI) 8x10-* i o - 7 3x l0 -4 5x10-8

5 lS b l2 4 (sol.) G I (LLI) 
Total body

7X10-4 2 x l0 -7
2x l0 "7

2X10-4 5x10-8

(insol.) Lung 
GI (LLI) 7xl0~*

2x10-8
2X10-4

7x10-"

5lSbl25 (sol.) GI (LLI) 
Lung
Total body 
Bone

3x10-®
5xl0-7

lO-3 2xl0“7
2xl0~7
2xl0~7
2x l0 -7

(insol.) Lung 
GI (LLI) 3 x l0 -3

3X10-8
i o - 3

9x10-°
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Radionuclide Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(jic/cm3)
(MPC)a
((xc/cm3)

(MPC)W
(jic/cm3)

(MPC)a
([ic/cm*)

52Te'25m (sol.) Kidney 
G I (LLI) 
Testis

5x10-®
5x l0 -3

4 x l0 -7 2x10-3
2x10-3
2x10-3

10-7

(insol.) Lung 
G I (LLI) 3x10-3

10-7
lO-3

4x10-8

52Te127 m (sol.) Kidney 
Testis 
G I (LLI)

2x10-3
2X10-3
2x10-3

10-7
, i o - 7

6x10-* 5X10-8
5x10-8

(insol.) Lung 
G I (LLI) 2x10-3

4x10“®
5xl0~*

10-8

ggTe127 (sol.) G I (LLI) 8x10-3 2X 10-6 3x10-3 6 x l0 -7

(insol.) GI (LLI) 5x10-3 9xl0~7 2x10-3 3x l0 -7

52Tei29m (sol.) GI (LLI)
Kidney
Testis

10-3
10-3
10-3

8X10-8
3X10-4

3x10-8
3x10-8

(insol.) Lung 
GI (LLI) 6X10-4

3x l0 -8
2xl0~*

lO-8

52Tela9 (sol.) G I (S) 0.02 5X10-6 8x10-3 2xlO-o

(insol.) G I (ULI) 0.02 4x10-0 8x10-3 lO-o

52Tel3lm (sol.) G I (LLI) 2x10-3 4xl0“7 6x10-* 10-7

(insol.) G I (LLI) lO-3 2xl0~7 4x10-* 6 x l0 -8

52Tel32 (sol.) G I (LLI) 9X10-4 2 x l0 -7 3X10-4 7X 10-8

(insol.) G I (LLI) 6XIO- 4 10-7 2x10-* 4x10-8

53I 126 (sol.) Thyroid 5x10-= 8x10-® 2X10-5 3xl0-»

(insol.); Lung 
G I (LLI) 3x10-3

3xl0~7
9x10-*

10-7
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Critical
Maximum permiss: 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

((ic/cms)
(MPC)a
(uc/cm3)

(MPC)W
(uc/cm3)

(MPC)a
(uc/cm3)

53l129 (sol.) Thyroid 10-5 2 x l0 -9 4xlO-o 6 x l0 -10

(insol.) Lung 
G I (LLI) 6XIO- 3

7x10-*
2 x l0 -3

2x10-®

5 3 l131 (sol.) Thyroid 6x l0 -5 9xl0-» 2X 10-5 3x10-®

(insol.) G I (LLI) 
Lung

2x10-3 3 x l0 -7
3xl0-7

6x10-" 10-7
10-7

531132 (sol.) Thyroid 2x10-3 2xl0~7 6 x l0 -4 8x10-®

(insol.) G I (ULI) 5xl0-3 9 x l0 -7 2x10-3 3xl0-7

BSl188 (sol.) Thyroid 2x l0 -4 3xl0-» 7 x l0 -5 10 -8

(insol.) GI (LLI) lO-3 2 x l0 -7 4 X 10-4 7x l0 -8

53l134 (sol.) Thyroid 4x10-3 5 x l0 -7 lO-3 2xl0-7

(insol.) GI (S) 0.02 3xl0-« 6x l0 -3 lO-o

53l135 (sol.) Thyroid 7x10-* 10-7 2x10—* 4 x l0 -8

(insol.) G I (LLI) 2x10-* 4x10“ ' 7X10-4 10-1

ojXeisim (submersion) Total body 2x l0"5 4 x l0 -6

54Xe133 (submersion) Total body 10-3 3xlO-o

5 4 X e l35 (submersion) Total body 4x10-° lO-o

ssCsisi (sol.) Total body 
Liver

0.07 10-5
10-5

0.02 4xlO-o
4xl0-o

(insol.) Lung 
GI (LLI) 0.03

3X 10-6
9x10-3

IQ -6
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(uc/cm1)
(MPC)a
(|ic/cm*)

(MPC)W
(uc/cms)

(MPC)a
(nc/cms)

55Csl34m (sol.) G I(S ) 0.2 4x l0 -5 0.06 10-5

(insol.) GI (ULI) 0.03 6x10-® 0.01 2xl0-«

55CS134 (sol.) Total body 3X10-4 4X10-8 9x10-= 10-®

(insol.) Lung 
G I (LLI) 10-3

lO-8
4x10-“

4x10-®

55CS135 (sol.) Liver 
Spleen 
Total body

3 x l0 -3 5x l0 -7
5xl0~7

10-3
10-3
10-3

2 x l0 "7
2 x l0 -7
2xl0-7

(insol.) GI (LLI) 
Lung

7x10-®
9x10-8

2X10-3
3x10-8

5oCs136 (sol.) Total body 2xl0-3 4xl0-7 9x10“* 10-7

(insol.) Lung 
GI (LLI) 2 x l0 -3

2x l0"7
6X10-4

6x10-®

5oCS137 (sol.) Total body 
Liver 
Spleen 
Muscle

4X10-4 6x10-8 2X10-4
2x10-*
2X10-4
2X10-4

2x10-8

(insol.) Lung 
GI (LLI) lO-3

lO-8
4X10-4

5x10-*

56Bai3i (sol.) GI (LLI) 5 x l0 -3 1 0 - 6 2xl0-3 4x l0"7

(insol.) Lung 
GI (LLI) 5 x l0 -3

4 x l0 -7
2X10-3

10-7

5oBai« (sol.) GI (LLI) 
Bone

8xl0-4
10-7

3X10-4
4x10-®

(insol.) Lung 
G I (LLI) 7x10-*

4 x l0 -8
2X10-4

lO-8

57Lai40 (sol.) G I (LLI) 7x10-* 2xl0-7 2X10-4 5X10-8

(insol.) G I (LLI) 7X10-4 10-7 2X10-4 4x10-8
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

([xc/cms)
(MPC)a
(|xc/cm!)

(MPC)W
((ic/cms)

(MPC)a
((xc/cm5)

5 8 C e i « (sol.) G I (LLI)
Liver
Bone

3x10-’
4x10-’

9X10-4 2xl0~7
2xl0~7
2 x l0 -7

(insol.) Lung 
G I (LLI) 3xl0-3

2 x l0 -7
9X10-4

5X10-8

ssCeWS (sol.) GI (LLI) lO-3 3xl0-7 4X10-4 9xl0-s

(insol.) G I (LLI) lO-3 2xl0-7 4 x l0 -4 7xl0“8

58Cel44 (sol.) GI (LLI)
Bone
Liver

3xl0->
10“8
i o - 8

i o - 4
3x10-*

(insol.) Lung 
G I (LLI) 3x10”*

6 x l0 -9
1 0 - 4

2x10-"

59p r142 (sol.) G I (LLI) 9X10-4 2xl0“7 3x10-* 7xl0-8

(insol.) GI (LLI) 9X10-4 2xl0-7 3x10—* 5xl0-9

59pr 143 (sol.) GI (LLI) lO-3 3xl0"7 5X10-4 i o - 7

(insol.) Lung 
GI (LLI) lO-3

2xl0~7
5x10-*

6 x l0 -8

00N d l44 (sol.) Bone 
GI (LLI)

2x10-3
2x l0 -3

8x10-“ 7X10-4 3x10-”

(insol.) Lung 
GI (LLI) 2x10-3

3xl0-10
8X10-4

lO-io

00N d l47 (sol.) G I (LLI) 
L iver

2x10-3 4xl0“7
4xl0-7

6X10-4 i o - 7
i o - 7

(insol.) Lung 
G I (LLI) 2x10-3

2xl0~7
6X10-4

8X10-8

cuNdi49 (sol.) GI (LLI) 8x10-3 2x10“® 3x10-3 6xl0~7

(insol.) G I (ULI) 8X10-3 io- 6 3x10-3 5xl0“7
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Radionuclide Critical
Maximum permissi 

For 40-hr week.
ble concentrations 

For 168-hr week
organ (MPC)W

(uc/cm3)
(MPC)a
(|xc/cms)

(MPC)W
(|xc/cm3)

(MPC)a
(uc/cm3)

oiPm147 (sol.) G I (LLI) 
Bone

6xl0-3
6xl0-8

2X10-3
2x10-8

(insol.)- Lung 
GI (LLI) 6xl0-3

i o - 7
2x10-3

3xl0-8

GiPm149 (sol.) GI (LLI) i o - 3 3xl0-7 4x10—* i o - 7

(insol.) GI (LLI) 10"3 2xl0“7 4X10-4 8x10-8

(aSm147 (sol.) Bone 
G I (LLI)

2X10-3
2X10-3

7xl0-11 6xl0-4 2xl0-11

(insol.) Lung 
G I (LLI) 2xl0-3

3xl0-10
7X10-4

9xl0-u

G->Sm151 (sol.) G I (LLI) 
Bone

0.01
6xl0-8

4x10-3
2x10^

(insol.) Lung 
G I (LLI) 0.01

i o - 7
4x10-3

5x10-8

BiSm153 (sol.) GI (LLI) 2X10-3 5xl0“7 8x10-* 2xl0-7

(insol.) GI (LLI) 2xl0-3 4xl0-7 8X10-4 i o - 7

«3E u 152 
(9.2 hr)

(sol.) G I (LLI) 2xl0-3 4xl0“7 6xl0-4 i o - 7

(insol.) G I (LLI) 2xl0-3 3xl0-7 6xl0-4 i o - 7

0.iEul52
(13 years)

(sol.) GI (LLI) 
Kidney

2xl0-3
lO-8

8X10-4
4xl0-9-

(insol.) Lung 
GI (LLI) 2xl0-3

2x10-8
8X10-4

6xl0-»

(i:iEul54 (sol.) GI (LLI)
Kidney
Bone

6xl0-‘
4xl0-»
4xl0~9

2X10-4
10-9
i o - °

(insol.) Lung 
GI (LLI) 6xl0"4

7xl0“9
2xl0-4

2x10-°
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Critical
Maximum permiss 

For 40-hr week
ible concentrations 

For 168-hr week
organ (MPC)W

(uc/cm3)
(MPC)a
((xc/cms)

(MPC)W
(ac/cm1)

(MPC)a
((ic'cm1)

gsE u1® (sol.) GI (LLI)
Kidney
Bone

6 x l0 -3
9 x l0 -8

2x10-3
3 x l0 -8
3x10-“

(insol.) Lung 
G I (LLI) 6 x l0 -3

7xl0-8
2x10-3

3 x l0 -8

r)4Gdi53 (sol.) G I (LLI) 
Bone

6x10-3
2 x l0 -7

2x10-3
8 x l0 -s

(insol.) Lung 
GI (LLI) 6 x l0 -3

9 x l0 -8
2 x l0 -3

3 x l0 -8

C4Gdl59 (sol.) G I (LLI) 2 x l0 -3 5 x l0 -7 8X10-4 2 x l0 -;

(insol.) GI (LLI) 2 x l0 -3 4xl0“7 8xl0~4 i o - 7

asTbiso (sol.) GI (LLI) 
Bone 
Kidney 
Total body

lO -3
i o - 7
i o - 7
i o - 7

4X10-4
3x10-8

(insol.) Lung 
G I (LLI) lO -3

3X10-8
4xl0“4

lO -8

CGDylG5 (sol.) GI (ULI) 0.01 3x10-® 4X10-3 9xl0~7

(insol.) GI (ULI) 0.01 2X10-6 4x10-3 7 x l0 -7

CfiDylOC (sol.) G I (LLI) 10-:> 2xl0“7 4xl0~4 8x10-“

(insol.) GI (LLI) lO -3 2 x l0 -7 4x l0 -4 7x10-8

(i7Hoie« (sol.) G I (LLI) 9x10-" 2 x l0 -7 3xl0-4 7x10-8

(insol.) GI (LLI) 9X10-4 2xl0“7 3X10-4 6 x l0 -#

G8EriG9 (sol.) G I (LLI) 3 x l0 -3 6 x l0 -7 9xl0“4 2 x l0 "7

(insol.) Lung 
GI (LLI) 3x10-3

4x l0 "7
9 x l0 -4

i o - 7
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(fxc/cm3)
(MPC)a
(|xc/cm3)

(MPC)W
(nc/cms)

(MPC),
(|j.c/cm5)

OsErHi (sol.) GI (ULI) 3xl0~3 7xl0-7 lO-3 2 x l0 -7

(insol.) G I (ULI) 3xl0-3 6xl0~7 10-5 2x l0 -7

egTmiTO (sol.) G I (LLI) 
Bone

10-3
4xl0-8

5x10-*
lO-8

(insol.) Lung 
G I (LLI) 10-3

3xl0-8
5X10-4

10-«

G9Tmm (sol.) GI (LLI) 
Bone

0.01
10-7

5xl0-3
4xlO-8

(insol.) Lung 
GI (LLI) 0.01

2 x l0 -7
5x10-5

8 x l0 -8

7oYbl75 (sol.) GI (LLI) 3x10-5 7xl0~7 10-5 2x l0 -7

(insol.) G I (LLI) 3xl0~3 6xl0“7 10-5 2xl0~7

tiL u1?7 (sol.) G I (LLI) 3X10-3 6x l0 -7 10-5 2xl0~7

(insol.) GI (LLI) 
Lung

3X10-3 5xl0-7 10-5 2x l0 -7
2 x l0 -7

72Hfl81 (sol.) G I (LLI) 
Spleen

2x10-5
4x10-®

7X10-4
10-8

(insol.) Lung 
GI (LLI) 2X10-3

7X10-8
7x10—*

3xl0-8

73Tal82 (sol.) GI (LLI) 
Liver

lO-3
4xl0-8

4x10-*
10-8

(insol.) Lung 
G I (LLI) 10-5

2x I0-8
4X10"4

7xl0-»

74W181 (sol.) GI (LLI) 0.01 2x10-° 4X10-3 8xl0~7

(insol.) Lung 
G I (LLI) 0.01

10-7
3x10-5

4x10-®

74W185 (sol.) GI (LLI) 4x10-5 8xl0“7 10-3 3xl0-7

(insol.) Lung 
GI (LLI) 3x10-5

10-7
10-5

4xl0-8
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0
Critical

Maximum permissi 
For 40-hr week

ble concentrations 
For 168-hr week

organ (MPC)W
((xc/cm3)

(MPC)a
(pic/cms)

(MPC)W
(uc/cm3)

(MPC)a
(nc/crn8)

74W187 (sol.) G I (LLI) 2x l0 -3 4 x l0 "7 7X10-4 2 x l0 -7

(insol.) GI (LLI) 2X10-3 3 x l0 -7 6X10-4 i o - 7

75Rei83 (sol.) G I (LLI) 
Total body

0.02
0.02 3X10-6

6x10-3
9 x l0 "7

(insol.) Lung 
G I (LLI) 8x10-3

2 x l0 -7
3x10-3

5x l0 -8

75Rel86 (sol.) G I (LLI) 3x10-3 6xl0“7 9x10—* 2 x l0 -7

(insol.) GI (LLI) lO-3 2xl0-7 5X10-4 8X10-8

7oRel87 (sol.) G I (LLI) 
Skin

0.07
9x10-®

0.03
0.03 3x10-®

(insol.) Lung 
G I (LLI) 0.04

5 x l0 -7
0.02

2 x l0 -7

75Rei88 (sol.) G I (LLI) 2 x l0 -8 4 x l0 -7 6X10-4 i o - 7

(insol.) G I (LLI) 9X10-4 2 x l0"7 3xlfr-< 6x10-®

7c0s185 (sol.) GI (LLI) 2x10-3 5xl0~7 7X10-4 2xl0“7

(insol.) Lung 
GI (LLI) 2x10-3

5X10-8
7X10-4

2x10“®

76Osl91m (sol.) G I (LLI) 0.07 2xl0-5 0.03 6x10-®

(insol.) Lung 
G I (LLI) 0.07

9x10-0
0.02

3x10-0

760S191 (sol.) G I (LLI) 5X10-3 10-« 2x10-3 4xl0“7

(insol.) Lung 
G I (LLI) 5x10-3

4 x l0 "7
2xl0-»

i o - 7

7fiOsl93 (sol.) GI (LLI) 2X10-3 4 x l0 "7 6x10—4 i o - 7

(insol.) GI (LLI) 2x10-3 3x l0"7 5X10-4 9x10-®
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Radionuclide Critical
Maximum permiss 

For 40-hr week

\

ble concentrations 
For 168-hr week

organ (MPC)W
((ic/cm3)

(MPC)a
((ic/cm1)

(MPC)W
(iic/cm1)

(MPC)a
(nc/cm!)

77Iri90 (sol.) G I (LLI) 6X10-3 10-0 2x l0 -3 4 x l0 -7

(insol.) Lung 
G I (LLI) 5xl0-3

4xl0~7
2x10-®

10-7

77lrl92 (sol.) GI (LLI)
Kidney
Spleen

1 0 - 3
10-7
10-7

4x10-*
4X10-8

(insol.) Lung 
GI (LLI) 1 0 - 3

3x10-8
4x10-*

9x10-°

77Iri94 (sol.) GI (LLI) 10-3 2xl0“7 3X10-4 8X10-8

(insol.) GI (LLI) 9x10—* 2xl0-1 3x10-* 5x l0 -8

78Ptl91 (sol.) GI (LLI) 4 x l0 -3 8xl0~7 10-3 3xl0~7

(insol.) GI (LLI) 3xl0~3 6xl0-7 10-3 2 x l0 "7

78Ptl93m (sol.) GI (LLI) 0.03 7x10-° 0.01 2x10-0

(insol.) GI (LLI) 
Lung

0.03 5xlO-o 0.01 2xl0-o
2xlO-o

78Ptl93 (sol.) Kidney 0.03 lO-o 9xl0“3 4 x l0 -7

(insol.) Lung 
G I (LLI) 0.05

3xl0-7
0.02

10-7

78ptl97m (sol.) GI (ULI) 0.03 6x10-0 0.01 2X10-6

(insol.) G I (ULI) 0.03 5xlO-o 9xl0-3 2xl0-o

78Ptl97 (sol.) GI (LLI) 4X10-3 8 x l0 -7 10-3 3 x l0 -7

(insol.) GI (LLI) 3 x l0 -3 6x l0 -7 10-3 2x10-'

79Au!98 (sol.) GI (LLI) 5xl0“3 lO-o 2x10-® 4xl0-7

(insol.) Lung 
G I (LLI) 4X10-3

6 x l0 -7
1 0 - 3

2x l0 -7
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C r it ic a l
M a x im u m  p e r m iss  

F o r  4 0 -h r  w e e k
b le  c o n c e n tr a t io n s  

F o r  1 6 8 -h r  w e e k
o rg a n (M P C )W

(uc/cm s)
. (M P C )a 
(|ic/cm!)

(M P C )W
(uc/cm J)

(M P C )a
(uc/cm 3)

79A u !98 (so l.) G I  ( L L I ) 2x l 0 - 3 3xl0-7 5x10-* 1 0 -7

( in s o l .) G I  ( L L I ) 10 -3 2x l 0~7 5X10-4

T0X00

79Au ' 99 (so l.) G I  ( L L I ) 5xl0-3 10-6 2x l 0 - 3 4xl0-7

( in s o l.) G I  ( L L I ) 4x10-3 8x l 0-7 2x l 0 - 3 3xl0_'

SoH g19? m (so l.) K id n e y 6XIO- 3 7xl0-7 2x10-3 3xl0-;

( in s o l.) G I  (L L I ) . 5xl0-3 8x l 0~7 2x10-3 3x10"

80H gl97 (so l.) K id n e y 9xl0-3 i o - ° 3x10-3 4xl0~7

( in s o l .) G I  ( L L I ) 0.01 3x10-® 5x10-3 9xl0-7

80Hg203 (so l.) K id n e y 5X10-4 7xl0-8 2x l 0-4 2x 10- “

( in s o l.) L u n g  
G I  ( L L I ) 3xl0-3

10-7
lO - 3

X10X

81T1200 (s o l.) G I  ( L L I ) 0.01 3xl0~® 4 x l 0 - 3 9xl0“7

( in s o l.) G I  ( L L I ) 7xl0-3 10-® 2x10-3 4xl0_7

81T1201 (so l.) G I  ( L L I ) 9xl0-3 2x 10-® 3xl0-3 7xl0“7

( in s o l.) G I  ( L L I ) 5xl0~3 9xl0-7 2x l 0 - 3 3xl0-7

81T1202 (so l.) G I  ( L L I ) 4 x l 0 - 3 8x l 0 - 7 l O - 3 3xl0-7

( in s o l.) L u n g  
G I  ( L L I ) 2X10-3

2x l 0 - 7
7xl0-4

8x 10- “

81T1204 (so l.) G I  ( L L I )  
K id n e y

3xl0-3
6x l 0 "7

lO - 3 2x l 0 - 7
2x l 0 - 7

( in s o l.) L u n g  
G I  ( L L I ) 2X10-3

3x10-®
6x l 0 - 4

9x10-“
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(jxc/cm3)
(MPC)a
(|ic/cm’)

(MPC)W
((j,c/cm3)

(MPC)a
((j.c/cms)

82Pb203 (sol.) GI (LLI) 0.01 3xl0-o 4 x l0 -3 9x l0 -7

(insol.) G I (LLI) 0.01 2X10-6 4X10-3 6 x l0 -7

82Pb210 (sol.) Kidney 
Total body

4x10-°
4X10-6

10-1° 10-o
lO-6

4xl0-11

(insol.) Lung 
GI (LLI) 5xl0-3

2 x l0 -10
2x10-3

8x10-“

82Pb212 (sol.) Kidney 
GI (LLI)

6X10-4
6X10-4

2X10-8 2X10-4 
2xl0~4

6 x l0 -9

(insol.) Lung 
GI (LLI) 5X10-4

2 x l0 -8
2x10—*

7x l0 -9

83Bi206 (sol.) G I (LLI) 
Kidney

1 0 - 3 2xl0-7
2x10-’

4x10—*
6x10-8

(insol.) Lung 
GI (LLI) 10-3

1 0 - 7
4X10-4

5x10-8

83Bi2°7 (sol.) G I (LLI) 
Kidney

2 x l0 -3
2xl0~7

6X10-4
6x10-8

(insol.) Lung 
G I (LLI) 2xl0-3

lO-8
6X10-4

5 x l0 -9

83B1210 (sol.) GI (LLI) 
Kidney

i o - 3
6x l0 -9

4X10-4
2x10-°

(insoL) Lung 
G I (LLI) io- 3

6X10-9
4x10->

2x l0"9

R3Bi212 (sol.) G I (S) 
Kidney

0.01
lO"7

4x10-®
3x10-®

(insol.) Lung 
G I (S) 0.01

2X10-7
4x10-®

7x10-8

84PO210 (sol.) Spleen
Kidney

2X10-5
2xl0“5

5xl0->»
5 x l0 -10

7X10-6 2 x l0 -10
2x10-'°

(insol.) Lung 
G I (LLI) 8X10-4

2xl0-10
3x10—*

7x10-“

85At2H (sol.) Thyroid
Ovary

5X10-5
5X10-5

7x10-°
7xl0-»

2X10-5
2x10-5

2x10-"

(insol.) Lung 
G I (ULI) 2X10-3

3x10-8
7x10-*

i o - «
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C r it ic a l
M a x im u m  p e rm iss  

F o r  4 0 -h r  w e e k
ib le  c o n c e n tr a tio n s  

F o r  1 6 8 -h r w e e k
o rg a n (M P C )W

((ic/cm3)
(M P C )a
(|xc/cm8)

(M P C )W
(pic/cm8)

(M P C )a
(fic/cm 8)

8GRn220 * L u n g 3 x l0 -7* i o - 7*

s c R n 222
* L u n g 3xl0_s* lO -8*

sg R a 223 (sol.) B o n e 2xl0~5 2xl0-9 7x10-® 6xl0_l°

(insol.) L u n g  
G I  ( L L I ) 10-4

2xl0-10
4xl0-5

8x10-”

K jR a 22* (so l.) B o n e 7xl0~5 5xl0“9 2xl0-5 2X10-9

(insol.) L u n g  
G I  ( L L I ) 2xl0->

7x10-'°
5xl0-5

2xl0-10

88R a220 (so l.) B o n e 4xl0“7 3x10-“ i o - 7 i o - u

(insol.) G I  ( L L I ) 9X10-4 2xl0-7 3X10-4 6X10-8

g sR a 228 (so l.) B o n e 8 x l0 -7 7xl0_u 3 x l0 -7 2xl0_n

(insol.) L u n g  
G I  ( L L I ) 7x10-*

4xl0-11
3xl0~*

i o - u

8;)Ac22? (sol.) B o n e 6xl0-5 2xl0-12 2xl0-5 8xl0->3

(insol.) L u n g  
G I  ( L L I ) 9xl0-3

3xl0_u
3 x l0 -3

9 x l0 -12

8!)Ac228 (sol.) G I  (U L I )
B o n e
L i v e r

3x l0-3

8x l0 -8

9xl0“4
3x10-8
3x10-8

(insol.) L u n g  
G I  (U L I ) 3xl0~3

2 x l0 -8
9X10-4

6x10-°

9flTh227 (sol.) G I  ( L L I )  
B o n e

5X10-4
3 x l0 -10

2X10-4
1 0 -io

(insol.) L u n g  
G I  ( L L I ) 5x10“ *

2xl0_1°
2X10-4

6x10-“

* T h e  d a u g h te r  e le m e n ts  o f  R n M0 a n d  R n 2!2 a r e  a ssu m e d  to  b e  p r e s e n t  to  th e  
e x t e n t  t h a t  th e y  o c c u r  in  u n f i l te r e d  a ir .  F o r  a ll  o th e r  iso to p e s , th e  d a u g h te r  
e le m e n ts  a r e  n o t c o n s id e re d  a s  p a r t  o f  th e  in ta k e  a n d  i f  p r e s e n t  th e y  m u st b e  
c o n s id e re d  o n  th e  b a s is  o f  th e  r u le s  fo r  m ix tu r e s .
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Critical
Maximum permiss 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(ac/cm3)
(MPC),
((Ac/cm3)

(MPC)W
(uc/cm3)

(MPC)a
((ic/cm*)

9oTh228 (sol.) Bone 2xl0-4 9 x l0 -12 7 x l0 -5 3 x l0 -12

(insol.) Lung 
G I (LLI) 4x l0-4

6xl0-12
io - 4

2 x l0 -12

noThfcM (sol.) Bone 5x l0 -5 2 x l0 -12 2x10-5 8xl0->:!

(insol.) Lung 
G I (LLI) 9xl0-4

1 0 -"
3X10-4

3xl0~12

ooTh^i (sol.) GI (LLI) 7xl0-3 io- 6 2 x l0 -3 5x10-’

(insol.) GI (LLI) 7 x l0 -3 io -° 2x10-3 4x10-'

9»Th232* (sol.) Bone 5x10-5 2xl0->2* 2 x l0 -5 7xl0->3*

(insol.) Lung 
G I (LLI) lO-3

io - 11
4X10-4

4xl0-12

!>oTh234 (sol.) G I (LLI) 
Bone

5X10-4
6 x l0 -8

2X10-4
2xl0-8

(insol.) Lung 
G I (LLI) 5X10-4

3 x l0 -8
2x l0"4

i o - 8

noTh-nat* (sol.) Bone 3x10-= 2 x l0 - '2* lO-5 6 x l0 -,s*

(insol.) Lung 
G I (LLI) 3xl0“4

4x l0-12
io - 4

1 0 -'2

* Provisional values for Thn2 und Th-nat. Although calculations and animal 
experiments suggest that Th-nat, if injected intravenously, is perhaps as 
hazardous as Pu and indicate the values listed above, experience to date has 
suggested that in industrial circumstances the hazard of Th-nat is not much 
greater than that of U-nat. Therefore, pending further investigation the values 
(MPC)a = 3 X 10-" |tc/cms for the 40-hr week and (MPC)a =  10-“ fic/cms for 
continuous occupational exposure (168 hr/wk) are recommended as provisional 
levels, permissible for exposure to inhaled Th-nat or Th!S2. However, the 
values given in this Table are listed to indicate the possibility that further 
evidence may require lower values and to urge especially that exposure levels 
for these radionuclides be kept as low as is operationally possible. It may be 
possible to show that similar considerations apply to other inhaled long-lived 
thorium isotopes under conditions in which the physical characteristics of the 
airborne particulates are much the! same as in the case of Th-nat, and where 
there is a large amount of airborne material serving as an effective carrier 
for the thorium.
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(uc/cm:l)
(MPC)a
(uc/cm3)

(MPC)W
(jxc/cm3)

(MPC)a
(iic/cm3)

mPa*w> (sol.) GI (LLI) 
Bone

7xl0-3
2xl0-9

2X10-3
6x10-'°

(insol.) Lung 
G I (LLI) 7xl0-3

8 x l0 -10
2x10"®

3xl0->°

!)iPaL’:!l (sol.) Bone 3xl0_“ 1 0 - 12 9 x l0 -6 4 x l0 -13

(insol.) Lung 
GI (LLI) 8xl/o-4

IO-10

3X10-4
4x10-“

!HPa->*i (sol.) GI (LLI) 
Kidney

4 x l0 -3
6 x l0 -7

10-3
2xl0~7

(insol.) Lung 
G I (LLI) 3 x l0 -;>

2xl0-7
10-3

6X10-8

(sol.) G I (LLI) 
Kidney

1 0 - 4
3x10-'°

5x l0-5
IO-10

(insol.) Lung 
GI (LLI) 1 0 - 4

io - '°
5xl0-5

4x10-“

(sol.) GI (LLI) 
Bone

8x10-*
IO-10

3xl0~*
3x10-"

(insol.) Lung 
GI (LLI) 8xl0~*

3x10"“
3xl0“4

9 x l0 -12

(sol.) GI (LLI) 
Bone

9X10-4
5x10-'°

3X10-4
2 x l0 -10

(insol.) Lung 
GI (LLI) 9X10-4

10-1°
3x10-*

4x10-"

<,oU2:i4 (sol.) GI (LLI) 
Bone

9xl0-4
6xlO_I°

3x l0 -4
2 x l0 -10

(insol.) Lung 
GI (LLI) 9X10-4

IO-10

3x10-*
4x10-“

(sol.) GI (LLI)
Kidney
Bone

8X10-4
5xl0-10

3X10-4
2 x l0 -10
2 x l0 -‘»

(insol.) Lung 
G I (LLI) 8X10-4

IO-10

3x10-*
4x10-“

(sol.) GI (LLI) 
Bone

10-3
6 x l0 "10

3xl0-4
2 x l0 -10

(insol.) Lung 
GI (LLI) 10-3

IO-10

3x l0 -4
4x10-“
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(jic/cm3)
(MPC)a
(uc/cm1)

(MPC)W
(uc/cm*)

(MPC)a
(|ic/cm')

92U238 (sol.) G I (LLI) 
Kidney

10-3
7x10-“

4X10- 4
3x10-“

(insol.) Lung 
G I (LLI) 10~3

IO-10
4X10- 4

5x10-“

92U -nat (sol.) GI (LLI) 
Kidney

5x10-“
7xl0_“

2X10- 4
3x10-"

(insol.) Lung 
GI (LLI) 5x10-“

6x10““
2x l0~*

2x10- “

93Np237 (sol.) Bone 9xl0-5 4xl0-12 3xl0- 5 1 0 - 12

(insol.) Lung 
GI (LLI) 9xl0~*

IO-10
3X10- 4

4x10-“

93Np239 (sol.) GI (LLI) 4xl0~s 8xl0-7 10-3 3xl0- 7

(insol.) GI (LLI) 4x10-® 7xl0-7 10-3 2xl0~7

94P U238 (sol.) Bone 10-4 2 x l0 -12 5x10-= 7xl0-13

(insol.) L u n g  
G I  ( L L I ) 8XIO- 4

3xl0~“
3X10- 4

10- “

94pu239 (sol.) Bone 10-4 2xl0-12 5xl0- 5 6xl0-13

(insol.) Lung 
G I (LLI) 8XIO- 4

4x10-“
3X10- 4

10- “

94p u240 (sol.) Bone 10-4 2 x l0 -12 5X10- 5 6 x l0 -13

(insol.) Lung 
GI (LLI) 8XIO- 4

4x10-“
3xl0- 4

10- “

94P U241 (sol.) Bone 7xl0-3 9xl0_“ 2X10- 3 3x10-“

(insol.) Lung 
G I (LLI) 0.04

4xl0- 8
0.01

1 0 -8

94P u242 (sol.) Bone 10-4 2x l0 "12 5x10-5 6xl0-13

(insol.) L u n g  
G I  ( L L I ) 9X10- 4

4x10-“
3X10- 4

10- “
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

([tc/cms)
(MPC)a
(uc/cms)

(MPC)W
(iic/cm1)

(MPC)a
(|ic/cm8)

95Am241 (sol.) Kidney
Bone

1 0 - 4
1 0 - 4

6xl0-12
6xl0-12

4xl0-5 2xl0-12
2xl0“12

(insol.) Lung 
GI (LLI) 8X10-4

IO-10

3 x l0 -4
4x10-”

gsAm243 (sol.) Bone
Kidney

i o - 4
1 0 - 4

6xl0~12
6xl0-12

4xl0-5 2 x l0 -12
2xl0~12

(insol.) Lung 
G I (LLI) 8xl0~4

IO-10

3xl0-4
4xl0-n

96Cm242 (sol.) G I (LLI) 
L iver

7x10-*
IO-10

2X10-4
4xl0-11

(insol.) Lung 
G I (LLI) 7X10-4

2xl0-10
2X10-4

6x10-“

9oCm243 (sol.) Bone 1 0 - 4 6x l0 "12 5xl0_s 2xl0-12

(insol.) Lung 
G I (LLI) 7xl0-4

IO-10

2X10-4
3x10-”

96Cm244 (sol.) Bone 2X10-4 9x l0 "12 7xl0-5 3xl0“12

(insol.) Lung 
G I (LLI) 8xl0-4

10-1°
3X10-4

3x|0-u

96Cm24>’' (sol.) Bone 1 0 - 4 5xl0-12 4xl0~5 2xl0-12

(insol.) Lung 
GI (LLI) 8 x l0 -4

IO-10

3 x l0 -4
4xlO-11

96Cm246 (sol.) Bone 10“4 5xl0->2 4xl0~5 2 x l0 "12

(insol.) Lung 
GI (LLI) 8 XIO- 4

IO-10

3xl0“4
4xl0-11

97Bk249 (sol.) G I (LLI) 
Bone

0.02
9 x l0 -10

6xl0-3
3 x l0 -10

(insol.) Lung 
G I (LLI) 0.02

10-7
6x l0 -3

4X10-8

98Cf249 (sol.) Bone 10-4 2xl0-12 4xl0-5 5xl0-13

(insol.) Lung 
GI (LLI) 7X10-4

IO-10

2xl0“4
3x10-”
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Critical
Maximum permissi 

For 40-hr week
ble concentrations 

For 168-hr week
organ (MPC)W

(uc/cms)
(MPC)a
(|ic/cms)

(MPC)W
(|xc/cms)

(MPC)a
(|j.c/cms)

98Cf250 (sol.) Bone 4xl0~* 5xl0~12 i o - 4 2xl0_li

(insol.) Lung 
GI (LLI) 7X10-4

lO-io
3X10-4

3x10-“

9 8 C f® 2 (sol.) G I (LLI) 
Bone

2xl0-4
6xl0-12

7X10"5
2xl0->2

spontaneous fission
(insol.)

Lung 
G I (LLI) 2X10-4

3x10-”
7xl0-5

i o - “
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TA BLE III. 2
MAXIMUM PERMISSIBLE CONCENTRATION OF UNIDENTIFIED  

RADIONUCLIDES IN WATER 
KMPCUW VALUES •]

FOR CONTINUOUS OCCUPATIONAL EXPOSURE

Limitations [ic/cms of water t

I f  no one of the radionuclides S r90, 1 128, 1 129, 1131, Pb210, 
Po210, A t211, R a223, Ra224, R a228, R a228, Ac227, Th239, P a231, 
Th282, and T h-n at is present, then the (MPCU)W is

3X10-5

I f  no one of the radionuclides S r90, I 129, Pb210, Po210, 
R a223, R a228, Ra228, P a231, and T h -n at is present, then 
the (MPCU)® is

2X10-5

I f  no one of the radionuclides S r90, 1129, Pb210, Ra228 and 
R a228 is present, then the (MPCU)W is 7X10-6

I f  neither R a226 nor R a228 is present, then the (MPCU)W 
is 10-6

I f  no analysis of the w ater is made, then the (MPCU)W 
is i o - 7

* E a c h  (M P C U )W v a lu e  is  th e  s m a lle s t  v a lu e  o f  (M P C )W in  T a b le  I I I .  1 fo r  ra d io 
n u c lid e s  o th e r  th a n  th o se  l is te d  o p p o site  th e  v a lu e  in  th e  a b o v e  ta b le .  T h u s  
th e s e  (M P C U )W v a lu e s  a r e  p e r m is s ib le  le v e ls  fo r  c o n tin u o u s  o c cu p a tio n a l 
e x p o s u re  (168-hr/w k) fo r  a n y  ra d io n u c lid e  o r  m ix tu r e  o f  ra d io n u c lid e s  w h e re  
th e  in d ic a te d  iso to p e s  a r e  n o t p r e s e n t  (i.e ., w h e r e  th e  c o n c e n tr a t io n  o f  th e  
ra d io n u c lid e  in  w a te r  is  s m a ll  co m p a re d  w ith  th e  (M P C )W v a lu e  fo r  th is  ra d io 
n u c lid e ). T h e  (M P C U )W m a y  b e  m u ch  s m a lle r  th a n  th e  m o re  e x a c t  m a x im u m  
p e r m is s ib le  c o n c e n tr a t io n  o f  th e  m a te r ia l ,  b u t th e  d e te r m in a tio n  o f  th is  
(M P C )W r e q u ir e s  id e n t if ic a t io n  o f  th e  ra d io n u c lid e s  p r e s e n t  a n d  th e  c o n 
c e n tr a t io n  o f  e a c h .

t  U se  ‘/io o f  th e s e  v a lu e s  fo r  in te r im  a p p lic a tio n  in  th e  n e ig h b o u rh o o d  o f an  
a to m ic  e n e r g y  p la n t.
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T A B L E  I I I .  3

MAXIMUM PERMISSIBLE CONCENTRATION OF UNIDENTIFIED 
RADIONUCLIDES IN AIR  

[(MPCU)a VALUES *]
FOR CONTINUOUS OCCUPATIONAL EXPOSURE

Limitations p,c/cms of air t

I f  there are no a-em itting radionuclides and if no one 
of the p-emitting radionuclides S r90, I 129, Pb210, Ac227, 
R a228, P a230, Pu241 and B k 249 is present, then the 
(MPCU)a is

10-»

If  there are no a-em itting radionuclides and if no one 
of the p-emitting radionuclides Pb210, Ac227, R a228 and 
P u241 is present, then the (MPCU)a is

lO-io

I f  there are no a-em itting radionuclides and if the 
fi-emitting radionuclide Ac227 is not present, then the 
(MPCU)a is

io - 11

I f  no one of the radionuclides Ac227, Th230, Pa231, Th232, 
Th-nat, Pu238, Pu239, Pu240, Pu242 and Cf249 is present, 
then the (MPCU)a is

i o - 12

If  no one of the radionuclides P a231, Th-nat, Pu239, 
Pu240, Pu242 and Cf249 is present, then the (MPCU)a is 7 x l0 -13

If  no analysis of the air is made, then the (MPCU)a is 4 x l0 -13

* E a c h  (M P C U )a v a lu e  is  th e  s m a lle s t  v a lu e  o f  (M P C )a in  T a b le  I I I .  1 f o r  ra d io 
n u c lid e s  o th e r  th a n  th o s e  l is te d  o p p o site  th e  v a lu e  in  th e  a b o v e  ta b le .  T h u s  
th e s e  (M P C U )a v a lu e s  a r e  p e r m is s ib le  le v e ls  fo r  co n tin u o u s  o c cu p a tio n a l 
e x p o s u re  (168-hr/w k) fo r  a n y  ra d io n u c lid e  o r  m ix tu r e  o f  ra d io n u c lid e s  w h e re  
th e  in d ic a te d  iso to p e s  a r e  n o t p r e s e n t  (i.e ., w h e r e  th e  c o n c e n tr a t io n  o f th e  
ra d io n u c lid e  in  a i r  is  s m a ll  co m p a re d  w ith  th e  (M P C )a v a lu e  f o r  th is  ra d io 
n u c lid e ). T h e  (M P C U )a v a lu e  m a y  b e  m u c h  s m a lle r  th a n  th e  m o re  e x a c t  m a x i
m u m  p e r m is s ib le  c o n c e n tr a t io n  o f  th e  m a te r ia l ,  b u t  th e  d e te r m in a tio n  o f  th is  
(M P C )a r e q u ir e s  id e n t if ic a t io n  o f  th e  ra d io n u c lid e s  p r e s e n t  a n d  th e  c o n 
c e n tr a t io n  o f e a c h .

t  U se  Vio o f  th e s e  v a lu e s  f o r  in te r im  a p p lic a tio n  in  th e  n e ig h b o u rh o o d  o f  a n  
a to m ic  e n e r g y  p la n t.
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A P P E N D I X  I I

MAXIMUM PERMISSIBLE LEVELS FOR SURFACE CONTAMINATION
The following data are given as examples of various maximum per

missible levels for surface contamination used in different countries.

1. FRANCE

R e fe r e n c e :  N o te  N o. 172, M a y  1956, issu e d  b y  th e  F r e n c h  A to m ic  E n e r g y  
C o m m issio n .

Radiotoxicity 
of isotopes

Equipment and working 
places

Clothing Skin
in “inactive” 

areas
in “active” 

areas

Very high

a-em itters: 
10~5 (xc/cm2

(5-emitters: 
10-4 pic/cm2

a-em itters: 
10-4 nc/cmz

(5-emitters: 
10-3 [tc/cm2

a-em itters: 
10-5 (ic/cm2

P-em itters: 
10-4 |xc/cm2

a-em itters: 
5X10-6 jic/cm2

|3-emitters: 
5xl0-5 (ic/cm2

High j 
Medium I 
Low )

10-4 (ic/cm2 10-3 (ic/cm2 lO-4 (ic/cm! 5X10-5 |xc/cm2

N o t e :  T h e  c la s s if ic a t io n  o f  r a d io to x ic it ie s  o f  iso to p e s  is  s im ila r  to  th a t  g iv e n  
in  th is  M a n u a l.
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A ppendix I I

2. PO LA N D

Reference: D ziennik ustaw, No. 34, Warsaw, 27 June 1957.
Maximum permissible levels for surface contamination on working 
benches, etc.

Type of working place

Type I Type II Type III

a-contam ination 10-5 |xc/cm2 10-4 [ic/cm2

(3-contamination* 20 counts/min cm! 50 counts/min cm* 50 counts/min cm*

* Measured with Geiger-Muller counter with a window of 5 mg/cm* and at a 
distance of 2 cm.

Note: Types of working place referred to above correspond to the following, 
according to the quantities of isotopes to be handled.

Radiotoxicity 
of isotopes Type I Type II Type I I I

Very high 

High 

Moderate 

Low

<  0

<  10 (xc

<  100 nc

<  1000 (ic

<  100 (xc

<  500 |xc

<  5000 |xc

<  50000 |xc

any amount

The classification of radiotoxicities of isotopes is as follows:

Very high: S r90, Ra, Pu.
High: Ca43, F e55, Y 91, Zr95, Ce144, Pm 147, B i210, Po.
Medium: H3, C14, Na22, P :’2, S “ , CP°, Mn54, F e3», Co00, S r8°, Nb95, R u‘os, R u100,

T e '27, T e129,1 1*1, Cs137, B a 140, L a140, Ce141, P r143, Nd147, Au188, Au199,
Hg203, Hg205.

Low: Na24, K 42, Cu64, Mn52, As78, As77, K r85, Hg197.
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3. UNITED KINGDOM
Reference: Code of Practice for the Protection of Persons exposed to Ionising 

Radiations; London, Her Majesty’s Stationery Office, 1957.

R a d io to x ic it ie s  
o f  iso to p e s

P a r ts  o f  b o d y ; p e r so n a l 
c lo th in g ; h o sp ita l b ed d in g ; 

“in a c t iv e  a r e a s ”

P r o te c t iv e  c lo th in g ; 
“a c t iv e ” la b o r a to r ie s ;  

g la s s w a r e ; to o ls

V e r y  h ig h
a - e m i t t e r s :  10 -5  ^c/cm 2 

p - e m i t t e r s :  10 -4  ixc/cm2

a - e m i t t e r s :  10 -4  iic/cm 2 

(3 - e m it te r s :  10 -3  (xc/cm2

H ig h  1 
M o d e r a t ^  > 
L o w  f  J

1 0 -4  (xc/cm2 1 0 -3  n c/ cm 2

Note: The classification of radiotoxicities of isotopes is identical with that 
given in this Manual.
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A ppendix II

R e fe r e n c e :  H a n d b o o k  48, U . S .  D e p a rtm e n t o f  C o m m e rc e , N a tio n a l B u r e a u  o f 
S ta n d a rd s .

4. UNITED STATES OF AM ERICA

R a d io to x ic ity  
o f  iso to p e s

S k in , c lo th in g , b ed d in g , 
la b o r a to r y  to o ls , g la ssw a re

S u r fa c e s  o f  la b o r a to r y  
w a lls , f lo o rs , w o rk  b e n c h e s , 

h o o d s, e tc .

V e r y  h ig h  \ 
H ig h  /

R a d ia tio n  le v e l  c lo s e  to  
b a c k g ro u n d :

0 .1 m  rep/hr 1 in  ( l o r y  
100 cou n ts/ m in * / r a d ia tio n

R a d ia tio n  le v e l  c lo s e  to  
b a c k g ro u n d :

0 .1 m  rep/hr l i n j j o r y  
100 cou n ts/ m in * / r a d ia tio n

M o d e ra te  1 
L o w  /

lm r e p / h r  1 in  p o r  -y 
1000 cou n ts/ m in * )  r a d ia tio n

lm r e p / h r  ) in  p o r  y  
1000 cou n ts/ m in ** / r a d ia tio n

* A s m e a su re d  o n  c o n ta c t  w ith  a  th in -w in d o w  G e ig e r -M iil le r  c o u n te r  h a v in g  
a f l a t  p la te  a r e a  o f  2 in*.

** I t  is  in d ic a te d  h o w e v e r  th a t :  “In  o rd e r  to  k e e p  th e  g e n e r a l  b a c k g ro u n d  in  
th e  w o r k in g  a r e a  lo w  e n o u g h  fo r  s a t is fa c to r y  in s tru m e n t o p e ra tio n , i t  is  
a d v is a b le  to  d e c o n ta m in a te  la rg e  a r e a s  to  a  le v e l  o f  0.1 m  rep / hr.”

N o t e :  T h e  c la s s if ic a t io n  o f  r a d io to x ic ity  o f  iso to p e s  is  s im ila r  to  th a t  g iv e n  in  
s e c t io n  2 o f  th is  A p p e n d ix .
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5. USSR
R e fe r e n c e :  “P r o te c t iv e  M e a s u re s  fo r  P e r s o n n e l  W o rk in g  w ith  R a d io a c tiv e  

M a te r ia l” , M in is tr y  o f  P u b lic  H e a lth  o f  th e  U S S R , M o sco w , 1958. 
P e r m is s ib le  le v e ls  fo r  c o n ta m in a tio n  o f  o b je c t s  fo r  u n d e rta k in g s  
w o r k in g  w ith  r a d io a c t iv e  m a te r ia ls .

Number of particles emitted in 1 min per 150 cm2

a-contamination p-contamination

before
decon

tamination

after
decon

tamination*

before
decon

tamination

after
decon

tamination*

Hands 75 Background 5 000 Background

Special under
wear and towels 75 Background 5 000 Background

Cotton overalls 500 100 25 000 5 000

Film  plastic 
clothing 500 200 25 000 10 000

Gloves, surface 500 100 25 000 5 000

Special shoes, 
surface 500 200 25 000 5 000

Working surfaces 
and equipment 500 200 25 000 5 000

* C o n ta m in a te d  o b je c t s  sh o u ld  n o t b e  re tu r n e d  to  u se  u n til  c o n ta m in a tio n  le v e ls  
h a v e  b e e n  re d u c e d  to  th e s e  l im its .
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OTHER IA EA  PU B L IC A T IO N S  IN THE SAFET Y  SE R IE S

No. 1: Safe Handling of Radioisotopes - ST I/PU B /1/REV . 1
100 p. : US$ 1.50 ; 9s. stg ; F.fr. 6,- ; DM 4,80; Sch 31,50;

No. 2: Safe Handling of Radioisotopes - Health Physics Addendum - 
S T I/P U B /10
120 p . ; US$ 1.50 ; 9s. stg ; F.Fr. 6,- ; DM 4,80 ; Sch 31,50 ;

No. 3: Safe Handling of Radioisotopes - Medical Addendum - 
S T I/P U B /11

80 p. ; US$1.50; 9s.stg; F.fr. 6,-; DM 4,80; Sch 31,50;

No. 4: Safe Operation of Critical Assemblies and Research Reactors- 
ST I/PUB/ 29
104 p . ; US$ 1.50 ; 9s.stg; F.fr. 6,- ; DM 4,80 ; Sch 31,50 ;

No. 5: Radioactive Waste Disposal into the Sea - S T I/P U B /14

168 p . ; US$ 2.50 ; 15s. s tg ; F.fr. 10,- ; DM 8,— ; Sch 52,50;

No. 6 : Regulations for the Safe Transport of Radioactive Materials - 
ST I/P U B /40
76 p. ; USI 1.50; 9s. stg; F.fr. 6,-; DM 4,80 ; Sch 31,50;

No. 7 : Regulations for the Transport of Radioactive Materials : Notes 
on Certain Aspects of the Regulations - ST I/PUB/ 32 
112 p. ; US$ 1.50 ; 9s. stg; F.fr. 6,-; DM 4,80 ; Sch 31,50 ;

No. 8 : Use of Film Badges for Personnel Monitoring - ST I/PU B/ 43 
80 p. ; US$1.50; 9s.stg; F.fr. 6,-; DM 4,80; Sch 31,50;

No. 9: Basic Safety Standards for Radiation Protection
53 p. ; US$ 1.50 ; 9s. stg; F.fr. 6,-; DM 4,80 ; Sch 31,50 ;

No.10: Disposal of Radioactive Wastes into Fresh Water- 
ST I/P U B /44

99 p. ; US$1.50; 9s. stg; F.fr. 6,-; DM 4,80; Sch 31,50.

All the above publications are obtainable from the Sales Agents 
listed on the next pages.

A complete Catalogue of all Agency publications will be gladly 
supplied by any of the Sales Agents or directly by the Editorial and 

Publications Section, International Atomic Energy Agency, Karntner 
Ring 11, Vienna I, Austria.
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IAEA SA L E S A G EN TS AND B O O K SE L L E R S

Orders for A gency p u b lica tio n s c a n  b e  p la ced  w ith your b o o kseller or any o f  th e  addresses listed  

b elow :

ARGENTINA
C om isi6n  N a cio n a l de 
Energfa A ttim ica  
A venida del L ibertador 825 0  
Buenos Aires

A U S T R A L I A
Hunter Pu blication s 
23  M cK illo p  S treet 
M elbourne, C . 1

A U S T R I A

Publishing S ec tio n

In te rn a tio n a l A to m ic  Energy A gency 
K arntner Ring 11 
P .O . Box 590 
A -1 0 1 1  V ienna

G E R M A N Y  , F ed . Rep.
R. Oldenbourg V erlag 
Rosenheim er Strasse 145
D -8  M unich 80

H U N G A R Y
K ultura
H ungarian Trading C om pany 
for Books and Newspapers 
P .O . Box 149 
Budapest 62

I S R A E L
H eilig e r & C o.
3 , N athan Strauss S tr . 
Jerusalem

3 E L G I U M
O ffic e  In tern atio n al 

de L ib ra irie  
3 0 ,  A venue M arnix 
Brussels 5

I T A L Y
A g en zia  E d ito ria le  C o m m ission aria
A . E. I .O .U .
V ia  M erav ig li 16 
1 -2 0 1 2 3  M ilan

C A N A D A
In tern atio n al P u b lication s 
D ep t, o f Pu blic  Printing 
and S ta tio n ery  Bldg. 
O ttaw a, O ntario

C .S . S . R .
S .N .T .L .
Sp o len a  51 
Nov6 M esto 
Prague 1

D E N M A R K
Ejnar M unksgaard Ltd.
6 N orregade 
D K -1 1 6 5  C openhagen K

F R A N C E
O ffic e  In tern atio n al de 
D o cu m en tatio n  e t L ib ra irie  
4 8 ,  Rue G ay-Lussac 
F -7 5  Paris 5e

J A P A N
M aruzen C o m p an y , Ltd . 
P .O . Box 5 0 5 0 ,
1 0 0 - 3 1  Tok yo In tern atio n al

M E X I C O
L ibrerfa  In te rn a c io n a l, S . A. 
A v. Sonora 206 
M e x ico  1 1 , D .F .

N E T H E R L A N D S
M artinus N ijh o ff N. V.
Lange Voorhout 9 
P .O . Box 269 
T h e  Hague

P A K I S T A N
M irza Book A gency 
6 5 , Shahrah Q u a id -E -A z a m  
P .O . Box 729 
Lahore -  3
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P O L A N D  
Ars Polona
C en tra la  Handlu Z ag ran iczn eg o  
Kiato'w sH ie P tz e tim ie sc ie  7 

Warsaw

R O M A N I A
C artim ex
3 - 5  13 D e cem b rie  S treet 

P .O . Box 1 3 4 -1 3 5  
Bucarest

S P A I N
L ib ren a  Bosch 
Ronda U niversidad 11 
B arcelon a -  7

S W E D E N
C . E. F ritz es  K ungl. H ovbokhandel 
Fredsgatan 2 
S to ck h o lm  16

S W I T Z E R L A N D  

L ib ra irie  Payot 
Rue Grenus 6 
C H -1 2 1 1  G en ev a 11

U . S .  S . R .
M ezhdunarodnaya K niga 
Sm o len sk ay a-S en n ay a  3 2 -3 4  

M oscow  0 - 2 0 0

U . K .

Her M ajesty ’ s S ta tio n ery  O ff ic e  
P .O . Box 569 
London S .E .  1

U . S . A.

UNIPUB, In c .
• P . O.  Box 43 3

New York, N . Y .  10016

Y U G O S L A V I A
Jugoslovenska K n jig a  
T e r a z i je  2 7  
Belgrade

IAEA Pu blication s ca n  also be  purchased re ta il  at th e  U nited  Nations Bookshop at U nited  Nations 
H eadquarters, New Y o rk , from  th e  new s-stand at th e  A gency's H eadquarters, V ien n a , and at most 
co n feren ce s , sym posia and sem inars organized by th e  A g en cy .

In order to f a c i l i t a t e  th e  d istribution o f its p u b lication s, th e  A gency is prepared to  a c c e p t paym ent 
in  UNESCO coupons or in  lo c a l  cu rren cies .

Orders and in quiries from  coun tries not lis ted  above m ay b e  sent toi

Publishing Sectio n

In tern atio n al A to m ic Energy A gency
K am tner Ring 11
P .O . Box 590
A -1 0 1 1  V ien n a, A ustria
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