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Preface 
The Advisory Committee on X -ray and Radium Protection 

was formed in 1928 under the sponsorship of the National 
Bureau of Standards and with the cooperation of the leading 
radiological organizations upon the recommendation of the 
International Commission for Radiological Protection. The 
Committee, small in size, functioned effectively until the 
advent of atomic energy which introduced a large number of 
new and serious problems in the field of radiation protection. 

At a meeting of this Committee in December 1946, the 
representatives of the' various participating organizations 
agreed that the problems in radiation protection had become 
so manifold that the Committee should enlarge its scope and 
membership and should appropriately change its title to be 
more inclusive. Accordingly, at that time the name of the 
Committee was changed to the National Committee on Radia­
tion Protection. At the same time the number of participat­
ing organizations was increased and the total membership 
considerably enlarged. In order to distribute the work load, 
eight working subcommittees were established as noted below. 
Each of these committees is cJutrged with the responsibility 
of preparing protection recommendations in its particular 
field. The reports of the subcommittees are approved by the 
main committee before promulgation. 

The following parent organizations and individuals com· 
prise the main committee: 
H. L. ANDREWS, United States Public Health Service. 
E. G. WILLIAMS, M. D., United States Public Health Service. 
SHIELDS "'\VA'RHEN, M. D., United States Atomic Energy Commission. 
K. Z. MORGAN, United States Atomic Energy Commission. 
L. F. CURTISS, N'ational Bureau of Standards. 
L. S. 1~AYLOR, National Bureau of Standards. 
E. E. CHARLTON, National Electrical Manufacturers Association. 
L. L. CALL, National Electrical Manufacturers Association. 
H. B. WILLIAMS, M. D., American Medical Association. 
R. S. STONE, M. D., Radiological Society of North America. 
G. ]~AILLA, Radiological SOCiety of North America. 
n. R. NEWELL, M. D., American Roentgen Ray Society. 
J. L. WEATHERWAX, American Roentgen Ray SOciety. 
E. QUIMBY, American Radium Society. 
J. E. WIRTH, American Radium Society. 
L. S. TAYLOR, International Oommission for Radiological Protection. 
R. C. PEAVEY, Secretary, National Bureau of Standards. 

The following are the subcommittees: 
Subcommittee 1. Permissible dose from external sources, G. Failla, 

chairman. 
Subcommittee 2. Permissible internal dose, K. Z. Morgan, chairman. 
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Subcommittee 3. X~rays up to two million volts, H. O. Wyckoff, 
chairman. 

Subcommittee 4. Heavy particles (neutrons, protons, and heavier), 
Dean Cowie, chairman. 

Subcommittee 5. Electrons, gamma rays, and X-rays above two million 
volts, L. Marinelli, chairman. 

Subcommittee 6. Handling of radioactive isotopes and fission products, 
H. M. Parker, chairman. 

Subcommittee 7. Monitoring methods and instruments, H. L. Andrews, 
chairman. 

Subcommittee 8. Waste disposal and decontamination. 

With the increasing use of mdioactive isotopes by industry, 
the medical profession, and research laboratories, it is essen­
tial that certain minimal precautions be taken to protect the 
users and the public. The recommendations contained in 
this handbook represent what is believed to be the best avail­
able opinions on the subject as of this date. As our experi­
ence with radioisotopes broadens, we will undoubtedly be 
able to improve and strengthen the recommendations for their 
safe handling and utilization. 

Through the courtesy of the National Research Council 
about a year ago, several hundred draft copies of this report 
were circulated to all leading workers and authorities in the 
field for comment and criticism. The present handbook em­
bodies all pertinent suggestions received from these people. 
Fnrther comment will be welcomed by the committee. 

One of the greatest difficulties encountered in the prepara­
tion of this handbook lay in the uncertainty regarding per­
missible radiation exposure levels-particularly for ingested 
radioactive materials. The establishment of sound figures 
for such exposure still remains a problem of high priority for 
many conditions and radioactive substances. Such figures as 
are used in this report represent the best available informa­
tion today. If, in the future, these can be improved upon, 
approprhtte corrections will be issued. The subject will be 
under continuous study by the two subcommittees mentioned 
above. 

The present Handbook has been prepared by the Subcom­
mittee on the Handling of Radioactive Isotopes and Fission 
Products. Its membership is as follows: 

H. M. PARKER, Chairman. 
L. F. CURTISS. 
P. C. AEBERSOLD. 
J. E. ROSE. 

L. MARINELToI. 
G. FAILLA. 
J. G. HA'ULTON. 
M. M. D. WILLIAMS. 

E. U. CONDON, Director. 
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SAFE HANDLING OF 
RADIOACTIVE ISOTOPES 

I. General Considerations 

1. Scope of This Handbook 

Prior to World War II the use of radioisotopes was 
esseutially limited to a few locations having access to cyclo­
tron-induced activities ... The addition of pile-induced activi­
ties, either as fission products or as special irradiations, has 
changed the magnitude of the related protection problems. 
'Videspread laboratory and industrial use of radioistopes is 
foreseen. This involves the protection of scientists and tech­
nicians in one case, of industrial employees in the other, and 
of the public in both cases. This handbook cannot give de­
tailed recommendations, necessary and sufficient for all cases. 
It is, therefore, planned to give the general recommendations 
suitahle for typIcal laboratory or small industrial operations. 
In all cases management specifically assumes the responsi­
hility for the proper selection and maintenance of the stand­
ards necessary for safe operation. The small lahoratory, 
handling low levels of radioactivity, may modify or omit 
some of the following recommendations. A periodic review 
of such modifications hy a competent radiation protection 
authority may be desirahle. The large laboratories and in­
dustries will require more detailed control. The employ­
ment of full-time personnel qualified in radiation protection 
is then desirable, and should be mandatory where the staff 
working regularly with radioactive material exceeds 25. 

Specific attention is directed to the usage of "shall" and 
"should" throughout the recommendations. The former is 
used in a mandatory sense. The latter applies to those rec­
ommendations that may be redundant at low activity levels, 
optional at intermediate levels, and essential at high levels. 

2. Available Radioisotopes 
Table 1 lists the radioisotopes of generally greatest inter­

est, and indicates the order of magnitude of the amounts nor­
mally available. A knowledge of the sites of deposition and 
elimination routes is a partial requirement for the hazard 
evaluation and tests for each particular isotope. Severe 
radiation hazard is associated with those isotopes that have 
unfavorable combination of long half-life, high uptake, dep­
osition in small organs or in bone, and low elimination rates. 

1 
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TABLE 1. Properties oj the principal radioisotopes 

Isotope 
Half·life 
y""'years 
d=days 
b=hours 

Energy (Mev) 
----------

Beta Qammt!. 

Esti­
mated 
quanti-

ties 
available 

(me) 

Principal uses 

---------1-----1---:1-------
H3 ____ •• 

01-1. _____ 

NaH _____ 

p32 ______ 

S3.; ______ 

Opo _____ 

Kn_~ ____ 

Oall• ____ 

['---MnM. ___ 
Fe~';" ____ 

Fe$~._. __ 

Ool)~" __ ._ 

OuM ___ 

t''"-----ASI1 _____ 

{Sl"S~ ______ 
Sr~~ ______ 

t ao
------

Itll ______ 

{BalSl _ ---Bal1O • ___ 

{AUm ____ 
Aum .. __ rg

'''----

Eg2IlUQ.; 
Bj2W _____ 

mo {TraCe for H; lluxiliary 12.5y ___ " 0.014 _______ Non(L______ -- .. -. traC(\ for O. 

mo {Labeled organic COm' 5,100y __ 0.154 ___________ .do______ ------ pounds. 

14,8b__ L4 ___ * __ .~. 1.4,2.8_ ••• __ 200_.____ metabolism; diag-l'l'racer studIes of N a 

nostic tests. 

j

'l'!lcrap;v; diagnosis; P 
14.3d ___ 1.69. _______ None_._~ ___ 1,500____ chemIstry; PO;= 

tracers. 

{
'I'racer on sulfur drugs; 87.1d ___ 0.17._ •• _________ do ______ . 1.0_.____ analyticaicbcmistry. 

0.005 ____ {C'go:,hemistry; tracer 106y •• __ 0.66 _______ • _. ___ do ___ ._._ .. '" 

12 4h 17~:P.g8.cent: 11.51 (25 PCI" }130 (TraCer stud~- of IC 
. .-- 20 percent: cent). .. •• -- compounds. 

18Ud. ___ 0.25 _______ . None ________ 1.0 __ .. __ tion;analyticalchem-
2.07. jSt.UdillS of Oa dcposi-

istl"Y; alloy studies. 
8.5d ___ . K, e+ ______ 0.56, 0.73, 100-.----1 

1.4(1. 'l'race biology. 
31Od_. __ Ie .. _ .. ___ . 0.835 ________ 1.0 ___ ~ __ 
4y ______ K __________ 0.07 _________ 1.0 ______ Tracer on Fe drugs; 

blood chemistry. 
44d _____ 0.26,0.46. __ 1.1, 1.3 ____ ._ 1.0~ __ ~ __ Fe chemistry. 

12.8h ___ {K*~~+}IL 1.2 (weak)~ __ 

26.8h ___ 1.1,1.7,2.7_ 0.57,1.25 ___ _ 

40h. ___ _ o.s _________ None _______ _ 
oM_. __ _ 1.5 ___ .. ___ .. ____ .do._. ___ _ 
25y ____ _ 0.65 ______ ••. ___ . do. _____ _ 

12.6h .. " 0.61,1.03 ___ 0.42, 0.54, 
0.67,0.74. Sd ______ 0.6. ________ 0.367,0.080 __ 

12d ____ . K, e-.. ____ 
5:~S~~~:.-~: 12.Sd .. 1.05 ________ 

2.7d ____ 0.97 ____ •••• 0.44 __ • ______ 
3.3d. __ 1.0I.M.M ___ • 0.45 _________ 

G64h-----
K, e-______ 0.075 ________ 

511 _____ K,e-______ 0.13,0.16 ___ • 

51-3d .. _ 0.3 _________ 0.28 _____ .. __ 
5d. _____ 1.17 ________ None __ • ___ ._ 

jTraCe biology; gamma 
200_~____ source; 00 c!lcmis-

try; anoy studies. 

j

'l'race biology; alloy 
1.0~_~___ studies; Ou chemis­

try. 
30 _______ Tracer studies with 

arsenical drugs. 
1.0 ______ Alloy studies_ 
1,000. ___ Srchemistry. uw _______ ~ _____ . ___________ ~." __ 

250 ______ Thyroid tracers; thy-
roid tl'crapy. 130 ______ I chemistry. 6.0 ______ 

. Analytical cllem-istry:: mc .. ____ 
SO _____ •. AlloY studies __________ 
10 ____ .. _ All chemistry. ________ 

}IOO ______ {LOW-energy gamma 
source. 

150. ____ . Alloy studies. ___ *~ ____ 

10 _______ fl'racer studies of Bi 
drugs. 

" Oalcium absorptlon and excretion is dependent on blood calcium level. 
b Iron absorption from the gut is influenced by the level of iron present in the blood and 

livcr. Once iron enters into tbe metabolislU of the animal, the excretion rate for that iron i:-; 
very low. 

a As: Retentiou in aJl tissue is very low. 
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'11.ABLE 1. Properties ot the prinCipal radioisotopes-Continued 

Met,tbolisrn 

Ingestion Inhalation Parenteral 

Ab· Deposi- EUmi· Ab- Deposi. El1mi- Ab- Deposi. Elimi-
sorbed tion t nated sorbed tion t nated sOl"bed tion f natcd 

(6") ____ Sanleh_ Same .. ___ Same .. Saln(L Same •. ___ Sarno.. 

t~t }_.dO~ , __ .do _________ do _____ .do._. ___ do ____ ~ ____ do ___ 2 

} High_ B73r~t Urine ____ do ______ do" ________ do _____ .do._. ___ do _________ do___ 3 

} Do. B~ne: M ___ .do ___ Hlgh __ Bone: M_ Urine. High __ Bone: M. {¥~~~~~} 4 

} jLmL --I (~L_. All pro- .do ___ Same_. Same. ____ Saroe __ Same .. Same _____ Same___ 5 
tein. 

} High. Bf3i:~'- ___ do __ . _._do ______ do ___ ~ ____ .do. _____ do ______ do _________ do __ _ 

} Do_ {~~~~l~~: } __ dO _____ .do_. ____ do ________ .do _____ .do ... ___ do. ______ ~_do.__ 7 
}---._-- Bone: H_ {~;iri~: } __ do _____ .do _________ do ______ do_. ____ do _________ do __ , 8 

- •• _____ ~"~ _____ *~ Feces. ___ do ___ .. .do. ________ do __ . __ .do _____ .do ________ .do ___ 9 

} _______ Blood:H. ___ do __ . __ .do ______ do ____ •• __ .do. __ __ .10 ___ ___ do ________ .do ___ 10 

}------- {fr~~~?~~~ ¥~~:: } __ do ______ do._. __ • _ .• do ______ do __ . {~l~~~::: }Uri»e_ 11 

} (~) ___ Liver:M. {¥~~~;: } __ do_~ __ .. do _________ do ___ • __ do ___ Same _____ Same •• 12 

} Low"_ {~~f:::r~: ~;:~: }.-dO·-·!m~rr~:~: }Urinc_ (g). - -. ai~rr~: £:: }Urine. 13 

} .. _-- •. Bone: E. {~;:~: }(It) ____ Bone: E_ {~~.r~!: }(g). ___ Bone: E_ {{;.;r~~: }14 

IBon" M-l 
} . Liver: M. Feces - }s Hlgh_ K~~CY: Urine_ arne.. Same _____ Same._ Same .. Same _____ Same __ 15 

1 Do __ JT~r~~~~ Iurme- .~.do_. ____ do. ___ ._ ._.do ______ do_. ___ .do __ ~ ______ do. __ 16 1 cent . 
}----.-- {~~~ow. }Feces ___ -do. ____ .do ________ .do .. __ ~.do ... ___ do __ • _____ .do •. _ 17 

} (g).-- Liver:M_ {b-;ri.!: }CI<) ____ Liver:M .. Urine, (g) ____ Liver:M_ Urine_ IS 

J ($).-- {i{\~ey:~ }---~.-- Same __ Same._ .. _ Same .. Same __ Same _____ Same._ 19 

I} Low .. {Ei~~~~:=}------ -------- Low~_~ ____ -do ____ .do ______ do_"~ __ . _ .. do ___ 20 I 
d Sr:Absorption and deposition (5 to 80 percent in bone) vary with age and existlngCalevel. 
~ Doses in excess of 0.1 gm dV(l a low retention. 
f H, L, and M indit'ate high, low, or moderate percentage of deposit out of total amount 

absorbed. 
g Inrlicatcs chiefly dependent on compound. . 
h "Sam(l" implies that the property under '.'Inhalation" or "Prmmteral" is the same as 

the corresponding property listed under "Ingestion!' for each isotope. The ditto marks 
"do" or "Do" apply to the vertical columns. 
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material has entered the hody and heen deposited in the 
organs governed by its metabolism, it is difficult or impossible 
to expedite the natural rate of elimination rrom the organ. 
It is, therefore, essential to avoid all ingestion or inhalation 
of radioactive materials and to test potentially exposed per­
sonnel ror such accmnulations whencver a suitable method 
exists. 

Absorption or active materials, through an open cut or 
even through the intact skin, is a potential hazard when more 
than tracer doses are handled. Retention of activity in the 
skin itself is known to be able to produce tumors. 

2. The whole body exposure to gamma radiation shall not 
exceed 300 mr/week, measured in air (i. e., without back­
scatter). According to present knowledge, this general ex­
posure to gamma radiation is believed to be sare as rar as any 
bodily injury is concerned, when there is no other type or 
radiation exposure. The importance of possible genetie 
change effective in later generations has not been established. 

3. When the body is exposed to an external source or beta 
radiation, only the superficial layers up to a few millimeters 
in thickness are irradiated. Nevertheless, for sarety, the 
limiting general exposure to external beta radiation should 
be taken as 500 mrep '/week in the surface layers .. The outer" 
most layer or skin is considered to be a dead hornified layer, 
which acts as a filter, and the dose is computed ror the zone 
immediately below this. In general the filter thickness is 
taken as '7 mg/cm'. For the palm of the hand the thickness is 
greater and a value of 40 mg/cm' is often used. 

4. Earlier practice in the handling of radium and related 
compounds condoned the acceptance of greater exposure of 
limited parts of the body, specifically the hands or the head, 
in comparison with whole body exposure. The recommended 
practice, however, is to limit the exposure of all parts, except 
the hands, to that which is acceptable for the whole body. 
In the case or the hands an exposure of 1 r/week measured 
in air, or 1.5 rep/week in the basal layer of the epidermis, 
is considered permissible. The calculated exposure is to in-

1 In the absenco of an internationally accepted unit, the "rep" is a con­
venient shorthund notution for statements of dose of ionizing radiation not 
covered by the definition of the roentgen. It represents that dose which pro­
duces enel"gy absorption of 93 el'gs/gram of tissue. The actual energy absorp­
tion in tissue PCI' roentgen is a function of the tissue composition and of the 
wavelen~th of the radiation. It ranges between 60 and 100 e~·gs/gram. For 
calculatIOns of permissible exposnre this val"iation is ignored, and a beta-ray 
dose of one rep is said to be physically equivalent to an X;-ray dose of one 
roentgen at a given point in the body. The numerical coefllcient of the "rep" 
bas been deliberately changed to 93, instead of the earlier 83, to agree with 
L. H. Gray's "energy-unit". 

6 

elude that due to radioactive contaminants deposited in the 
skin. 

In c~:JllP~ction with the ro,!r types or hazard enumerated 
above It IS Important to bear III mind that the permissible ex­
posure as .quoted applies under conditions where only one 
hazard eXI~ts. In the handli;:>g of radioisotopes, all rour 
hazards eXIst togeth~r, and th,S may reduce the permissible 
exposure to each. SImple summation of the ionization con­
tributi,:Jlls at any point III the body from the four enumerated 
causes IS assumed.2 

In particular, the total irradiation or any part or the body 
(with the exceptions noted above), should not exceed 300 
mrep(week.' It is advisable to keep well below the quoted 
permISSIble exposures wher,tever mixed exposures may occur, 
because or the Illcreased dIfficulty or regIstering such expo­
sures accurately. 

4. Principle Underlying Protective Measures 

The rundamental purposes or protective measures in the 
handling or radioisotopes are: 

1. To prevent ingestion, inhalation, interstitial or 
other modes of entry into the body. ' 

2. To reduce the amounts of external irradiation to 
permissible levels. 

The first requirement is fulfilled by good housekeep in" 
an~ work habits, and by opera.tion in a .labor>:tory properly 
eqUIpped ror t~e handhn~ o~ IsOtOp~s, IllcludIllg protective 
coverIllg, mampulabve deVICes, SUItable ventilation and 
waste d!spo~a! facilities. The second requirement, m~inte­
nance or satIsfactory levels or external radiation, is oooverned 
by procedures such as those contained in the Nati~nal Bu­
rea? or Standards. Handbook 23, "Radium Protection," 
:vhlch should b~ avaIlable to all persons working with radio­
IsotOpes. Spe~Ial reqUIrements arise when isotopes with beta 
actIvIty, esse;:>tIally rree r.ro~ g~mma activity, are used. 

LaboratorIes that speCIalIze III the use of a rew isotopes 
should become familiar in detail with the published data on 
the metabolism and estimated maximum permissible con­
centration values applicable to these cases. Where many 

~ Note that ~he contributions from internal deposition or skin contamination 
WIll be effec~nr.e 24 lil'/duy, and 7 days/week. Contributions from external 
so~rees are llUl1~ed to ,the n1rmal work,,,cek (48 hours). 
• .A. more detaIled cbscusslOn of permissible limits of exposure will be found 
In th~ report of ,the Subcommittee on Permissible Dose from External Sources 
now In preparatIOn. ' 

'I 
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types of isotopes are in use, the following values form a pro, 
visional guide to maximum permissible contamination: 

(1) For atmospheric contamination: 10-' f'c/cm 3 

(2) For water contamination: 10-7 f'c/cm 3 

II. Personnel 

1. Selection and Instruction of Personnel 

Persons who are neat and careful are preferred workers 
with radioisotopes. A rigid physical examination should 
be made of all prospective workers. Careful inspection of 
the hands, and evaluation of possible previous exposure to 
radiation, are recommended. All individuals employed in 
radi"tion work shall be informed in detail of all known dan­
gers involved. They shall be instructed regarding local rules 
and regulations for protection, and should be expected to 
observe them in ,,11 details. It is particularly important that 
all users of radioisotopes should be considered as potential 
full-time users. 

2. Effects of Radiation 

Effects of external radiation are adequately described in 
the National Bureau of Standards Handbooks 23 and 41. 

When the active materials are deposited in the body, the 
effects depend upon the site of deposition, the physical half­
lire, and the biological half-life, which is determined by the 
elimination rate. The bone-seekers (for example, stron­
tium) will produce effects similar to those round in radium 
poisoning. Other materials may produce changes in liver 
or kidney function, and occasionally in other organs. An es­
sential feature of all the effects is that they may not appear 
until the dangerous material has resided in the body for many 
years, and irreparable latent damage may have been pro­
duced. There usually are no definite clinical symptoms 
which can be relied upon to guard against possible impend­
ing injury. 

3. Blood Count 

A complete blood count shall be made by a qualified hema­
tologist before any individual begins work involving the 
handling of radioactive materials. Counts on two successive 
days at a stated hour are desirable. Noone should be em-
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ployed who shows pertinent abnormalities in the blood count. 
Blood couuts should be made at regular intervals (normally 
3 months) durmg employment, wIth more attention given 
to the trend of successive counts and especially of the dif­
ferential count than to absolute values. It should not be 
considered that overexposure of the individual will be de­
t~cted by changes in blood count! Poor protection tech­
mques may be detected by blood count findinO"s before per-
manent injury to the individual occurs.' b 

4. Physical Examinations 

(a) General 

A thorough medical examination should be made of each 
individual potentially exposed to si"nificant amounts of radi­
ation before employment, and ann;';ally thereafter. An ex­
amination for possible radioactivity, by a person with special 
knowledge and equipment, should be given each individual 
and form a part of the annual physical examination when: 
ever the exposure potential includes significant inte;nal de­
position. More frequent examinations are warranted when 
the exposure potential is high. The nature or such tests 
WIll depend upon the particular isotopes to which the in­
diVIdual may.have been exposed. Sufficiently sensitive tests 
for the deposition of all relevant isotopes may not exist. 

(b) Urinalysis and Other Tests 

An analysis of radioactivity of the urine is a desired pro­
cedure. Normal urine contains radiopotassium in amounts 
whiCh may mask the added radioisotopes ror which tests are 
made. Either potassium should be separated from the 
s~mple and the yesidual activity mea~ured, or when the pos­
Sible .exposure IS restl'lcted to one Isotope, this should be 
chenllcally separated from the urine. Examination of the 
feces may be required when the predominant elimination is 
by fece~. Special te~ts f~r specific isotOpes are in order when 
they eXist (e. g., radlOlOdme may be estlm.at~d in the thyroid 
gla~ld m terms of the. e~ltted gamma rachatlOn measured by 
a Geiger counter or lOmzatlOn chamber). Where exposure 

~ A singl<:~ exposm:e of 25 r can appurently escape detection by standard 
blood cOl.mtmg techlllques. 

I> A more detailed (Jiscllssion on blood counts will be found in National Bureau 
of Standards Handbook 41, Medical X-ray Protection up to Two Million Volts. 
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to radioisotope dust or spray is a possibility, it may be de. 
sirable to test the activity of a nasal smear, or of the sputum. 

5. Personal Cleanliness 

Radioactive isotopes must be treated like other poisonous 
substances. Extreme personal cleauliness in the laboratory 
is therefore, desired. The material must not be spilled Or 
sdattered and must noteome in contact with the hands or 
clothiug to any appreciable extent. At the end of ea~h work 
perio~, th~ hand.s shall b~ carefully washed. No edIbles of 
any kmd mcludmg chewmg gum, candy, or beverages, shall 
be brought into the laboratories, nor shall ~h~y be touched 
before removinO' all washable traces of radIOIsotopes from 
the hands. Th~ use of cigarettes or application of cosmetics 
in the laboratory may result in transferen?e of activity to 
the lips. Radioisotopes burned on the cIgarette may be 
drawn into the lungs. 

The hands should be tested frequently with a Geiger 
counter or other instruments of suitable sensitivity to deter­
mine whether contamination exists. Immediate steps to re­
move contamination shan be taken when found. 

6. Housekeeping 

Neatness in the laboratory is a prime requisite for elim­
ination of the spread of contamination. The work area 
should be free from equipment and materials not required 
for the experiment at han~, and equipment us~d should be 
decontaminated and stored m a controlled locatIOn after use. 

7. Supervision 

The supervisor of a work group or the leader of a labora­
tory group has the responsibility for seeing that the radi­
ation work unde~ his ~idance is performed in a s3;fe manner. 
The supervisor IS reqUIred to see that the estab~ls?ed rules 
regarding food handl:ng, .checks of pers~mn~l a~tlvlty, waste 
disposal, etc., are mamtamed. The obJectlve IS the educa­
tion of each and every worker to follow these necessary pro­
cedures for his own protection and the protection of others. 
In a radioisotope lalioratory, skill in radiation protection is 
as necessary .as skill in chemical or J,>iological manipul.ations. 
Persons failm~ to develop, such skIlls should be adVIsed to 
transfer to otner occupatIOns. 
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III. Laboratory Design and Equipment 

I. General Working Conditions 

Successfnl work with radioisotopes other than in true 
tracer amounts requires the use of laboratories and equip­
ment specially. designed for the purpose. No work sho~ld 
be undertaken III these rooms other than that concerned WIth 
the application of radioisotopes. 

2. Floors 

The floors shan have smooth and continuous surfaces, as 
far as possible, snch as stainless steel, painted concrete, or 
linoleum. Absorbent floors, for example, wood, should be 
avoided. Asphalt tile and similar materials are permissible, 
provided that the laboratory supervisor is. aware of the 
hazards of accumulation of radioisotopes in the cracks. The 
ease of replacement of sections of tile floor may compensate 
for the hazard of crack contamination. Floors shonld be 
cleaned daily by wet mopping, or by the USe of moist Com­
pound. Dry sweeping may lead to an active dust hazard. 

3. Walls, Ceiling, and Woodwork 

Walls, ceiling,. and. woodwork shall be finished with a non~ 
porous washable surface,. which may be cleaned to remove 
accumulation of radioactivity. Projecting ledges, hanging 
lamps, etc., which may accnmulate dust should be avoided. 

4. Ventilation 

All laboratory operations withniore. than low-level ac­
tivity should be conducted in hoods which will be provided 
with forced ventilation sufficient to maintain the activity 
content of the room air below 10-9 Itc/cm' at any place at 
any time. The linear velocity of ajr flowshould be in the 
range of 100to 150 feet/minute. Specially hazardous 
operations. (e. g., handling long-lived bone"seeking. isotopes 
ininjection or inhalation studies on animals) shonld be con­
duCted. by personnel wearing suitable respirators or' sup­
plied-air masks. Hoods with individual filter systems for 
the exhaust air are preferred. MultipJe.hoodsystems are 
dangerous because reverse air currents'ii)ay occur,.'. 
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r 5. Equipment 

Special equipment suitable for the type and level of ac­
tivity being used should be provided for each type of opera­
tion. This should include handling tools such as tongs, 
forceps, trays, and mechanical holders. Lone;-handled tools 
provide adequate protection by distance where millicurie 
amounts of beta or gamma activity are encountered. Semi­
remote-control sampling and stirring devices should be in­
cluded. Operations with larger amounts require the use of 
specially designed, remote-control equipment including a 
shielded optical syst~m (e. g., a periscope or mi~ror >:rrange­
ment). When the Isotopes concerned are prImarily beta 
emitters, efficient use can be made of transparent plastic 
shields' fitting closely around the equi]?ment to allow close 
handling with good visibility. Contamers for the active 
material should mcorporate the necessary shielding as close 
to the source as possible. Containers for liquid samples 
should always be reinforced by an onter, unbreakable 
container. 

6. Hoods and Benches 

Laboratory benches should be free from cracks, crevices, or 
sharp corners. Suitable surfaces for work tables are stain­
less steel, Monel metal, plate glass, and some smooth-surfaced 
plastics. The work surface should be covered with absorbent 
paper 7 to catoh minor spills, and this paper should be 
ch(tnged after each laboratory experiment. The work in 
hoods should similarly be performed over an inner washahle 
tray covered with the absorhent paper. The work bench 
should be equipped with wiping papers for the prompt re­
moval of spills. Drawers in work benches, if provided at 
(tn, should be washable and have removable liners. 

7. Disposal of Contaminated Wastes' 

(a) Absorbent Papers" Wipes, etc. 

Waterproof disposahle containers to hold the discarded 
absorbent bench paper and wiping papers should be provided 
at each laboratory station. Regular collections of these dis-

6 See appendix 1 for thickness. 
l' A "diaper". paper is available that has it waterproof backing to reduce penew 

tratiou of sp1l1s to the work surface. 
S ThiB subject will be covered more extensively in the report of the Sub .. 

committee on Waste Disposal and Decontamination. 
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posal vessels from the laboratory should be made. The even­
tual disposal of such items is conditioned hy the half-life 
and toxicity level of the isoto]?es involved. With short half­
lives, retention of the materials in a controlled area, until 
their residual activity is insignificant, is a preferred method. 
With long-lived isotopes, the laboratory management is 
committed to a prevention of contamination of the public 
domain. The association of groups of laboratories to pro­
vide a single controlled and economical disposal area may 
be feasible. 

(b) Active Solutions 

The disposal of active solutions to the public sewers can 
only be considered safe when the possible subsequent chemi­
cal, physical, and biological concentrations will still leave 
the materials at safe concentrations:. Disposal to a water 
system should include consideration of the accumulation of 
activity in soil or mud, and in algae and similar organisms. 
Concentration of the order of 100,000 fold may occur. 
Whenever possible, the principal activity in the waste solu­
tion should be removed, and discarded as· active solid 
material. 

Excreta from isotope-injected animals or patients, and 
liquors from equipment or clothing decontamination, may 
require attention as active solutions. 

(c) Tools 

Tools and other miscellaneous equipment used in handling 
radioisotopes should be regarded as contaminated, and should 
not be released for other work until proven otherwise. 

8. Protective Clothing 

The degree of protection required is a function of the ac­
tivity used. Even tracer amounts should be handled with 
laboratory coats protecting normal attire. Where routine 
radiochemical or hiological work is done, coveralls or other 
clothing that completely clothes the body shall be worn and 
must be restricted to this operation. Rubber gloves should 
be worn while handling active materials which may give rise 
to contamination of the hands. If the material may be spilled 
on the floor, special cloth or rubber overshoes should be used. 
In some cases, the pro,ision of shoes to be used only in the 
laboratory is preferahle. 

13 
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TABLE 8. Typical 'rad,iation survey 'meter8 

Radiation de-Instrument tccted Description 1 

Lauritsen electroscope ________ Beta, gamma ____ Quartz fiber electroscope. Fred O. 
Henson 00., Pasadena, Oalif. 

L-W (Landsverk.Wollan) _____ do ___________ 
fiber 'electro-Improved' quartz 

survey meter. scope; lOO·cm3 ion chamber; tim-
ing circuit flash illuml.j:lates mi-
croscope scale indicating limits 
oIpreseleotedtimeinterval. Slid-
ing metal screen to eliminate 
beta radiation, Kelly Koett Mfg. 
00., ,Covington, Ky. 

Victoreen survey meter _______ Gamma _________ 
Compact chamber and amplifier 

circuit. _ Wide variety of ranges 
available on special order, Vic· 
toreen Instrument Co., Oleve-

I land,' Ohio. 

Portable Geiger-Miiller 
counters. 

Beta, gamma __ ~~ Audible signal andlor counting 
rate meter. NumerQus com-
mercial forms available. 

Poppy ______________________ ~ Alpha ___________ 
Audible signal and counting rate 

. meter. Raytheon Mfg. 00., 
Newton, Mass. 

I O. P .meter __________________ Beta, gamma ___ _ Chamber 3·in diam. by &oln. long 
of Bakelite with detachable end 
cap for, beta-gamma discrim­
ination. Si.Dlple electrometer 
circuit. 'l'eehuical Associates, 

Juno _____ ~_~ __ ~_~ _________ ~ __ Alpha, beta, 
gamma. 

Glendale. O!J,lif. 

Ion chamber similar to Zeuto. 
Has built-in shields controlled 
from handle to discriminate be­
tween alpha, beta, and gamma. 
Simple electrometer circuit. 
Technical ASSOCiates, Glendale, 
Calif. ' 

. 
Ranges 2 

Single range, nominal 
maximum: 1 r/hr. 

Dual range. nominal 
maxima: 100 mrjhr, 
l r/hr. 

, 

Single range, nominal 
maximum: 200 
mr/hr. 

Multiple range, nomi-
nal maximum: 
80,000 c/m. 

3 ranges, nominal 
maximum: 7,500 

! ' elm. 

3 rangcs, nominal 
maxima: 50, 500, 
5,000 mr/hr. 

3 ranges, nominal 
maxima: 50, 500, 
5,000 mrJhr. 

Zeus _________________________ Beta, gamma 
(alpba). 

"Shoe box" type with 1 to 2 liter 4 scales up to 25, '100, 
ion chamber, with- wire-mesh 500 mrjhr, 2.5 r/hr. 

Zeuto ________________________ Beta (alpba) ___ _ 

. 

window. Thin screen slides in 
to eliminate alpha-radiation and 
thick plastic screen further dis-
criminates between beta and 
gamma rays. Amplifier has 
favorable time constant, c. g., 
Rauland Corp., Chicago, TIl. 

Similar to Zeus c,ircuit, but with 
feedback to increase sensitivity. 
Designed for alpha measure­
ments, but suitable for beta 
radiation,e. g., Victoreen Instru­
ment 00., Cleveland, Ohio. 

2 scales up to 4 mrep/ 
hr, up to 40 mrepjhr. 

Remarks 

Incomplete saturation gives non-
linear response and requires 
specialized calibration. May 
be equipped with O.OOO2-in. 
window for alpha detection 
and used with alpha (e. g., 
O.002·in. fa~cr) and beta (e. g., 
3 mm Al s ields for almost all 
necessary small laboratory sur-
veys. 

Rugged; holds calibration well. 
Relatively slow but otherwise 
can venien t and versatile. 
Satisfaotorily free from wave-
length dependence. 

Readily adaptable to 0:1erating 
chamber on a long pro e, pro-
viding distance protection for 
the operator. 

Fo< rapid radiation detection. 
Normally improper for quan-
titath'e work. Each type 
should be tested for tempera-
ture and failure at high count-
ing rates. 

Normally used as qualitative 
audible indicator. Detects 
minimum of about 150 djm. 

Weighs 4 pounds, easily set to 
zero in radiation_field. Excel­
lent general purpose instrument 
for radiation Jield or surface 
contamination. measurements. 

Oombines many of the advan­
tages of the O. P., Zeuto, and 
Zeus. 

Rugged and reliable general -pur­
pose instrument. Not entirely 
'free [rom wavelength depend­
ence, but this is not a eritical 
~efect. 

High sensitivity and fair sta­
bility. Good for surface con­
tamination measurements and 
can be applied to CH and SU 
contamination. 

1 Indication of a manufacturer's name does not constitute endorsement of the instrument nor deny the superiority of other makes. 
~ For beta·gamma instruments, the gamma rays are quoted. Oalibrations for beta radiation may depend on the onergy of tbe particles and the 

geometrical distributions of the source • 
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4. Dust, Gas, and Vapor Samplers 

(a) Dust Samplers 

, Dust or spray may be s~mpled ?y dr:,wiug air through a 
filter, or by electrostatIc preCIpItatIOn, The filtration 
method is ~eliable, provide4 t~at leaks around the edge of 
the collectIOn ,paper are elnnlllated. The activity on the 
sample paper IS measured on standard laboratory counting 
equipment. Complicatious are introduced when the half­
life of.the ~ollected material is short or comparable with the 
co!lectlOn tIm.e.. T!Je electrostatic precipitation method per­
mIts the preCIpItatIon onto an aluminum surface which is a 
suitab,le source. for the evaluation of range and energy of the 
deposIted partIcles. 

(b) Gas and Vapor Samplers 

One type of sampler draws air through an ion chamber 
a:>d '.lleasures t~e ion current with a suitable electrometer 
ClrcUlt. A contlll';ous ~ecor~ of the activity in the atmos­
pJ:ere may be obtallled III thIS manner. The method is un­
sUltable at low levels hecause of the difficulty of avoidiIlO' 
disturbance to. the chamber insul.ators by friction, etc. An": 
other .method ~nvolves the collectIOn of samples in evacuated 
contamers whICh can be returned to a central location for 
sampling. In special cases, cbemical or adsorption methods 
are available for specific gases or vapors. 

V. Hazard Monitoring 

1. Inspection of Personnel 

. The. moni~oring of personnel with respect to incident radi­
atIOn IS achIeved by the use of pocke~ ion chambers and/or 
film badges WOl'Jl on the person. It IS standard practice to 
process the l?ocket chambers daily, and the films weekly. 
Where experIence h,,:s shown continued low exposure, films 
read every 2 weeks gIve an adequate exposure index. Simi­
larly, self-~ead.ing pocket chambers may be worn for an ex­
tended perIOd If the casual leakage is insignificant. Finger 
film should be processed at least weekly. 

In ge,neral, each i'.'di,:ic1ual. using radiosotopes should be 
resp~nslble .for momto,rmg hImsel~ against contamination. 
The mspectlOn should lllclude qualItative tests for contami-
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nation of the clothing, hands, and other parts that may be 
contaminated. Hand checks sball be mandatory before leav­
ing the work area for lunch or termination of the work day. 
In those cases wbere the risk of absorption of the isotopes 
through an open cut is important, hands should be inspected 
by the supervisor or laboratory leader at the beginning of 
the work day, and injured persons excluded from the pro­
gram. 

Prompt removal of contamination, when found, is a nec­
essary corollary of the inspection. 

2. Inspection of Work Areas 

The beta- and gamma-ray exposures at points habitually 
occupied by workers should be determined periodically by 
properly designed ionization or counter devices, operated 
by qualified personnel. An instrument, or instruments, 
should be available to cover the range from 1 mr/hr up to 
2 r/hr. Other meters for the qualitative detection of small 
amounts of active contamination should be available. 
Under laboratory conditions, each person in the laboratory 
should be responsible for maintainin&: an adequate frequency 
of inspection in his own work area. lnlarger organizations, 
it may be expedient to employ personnel specifically for these 
inspections. Continuous monitoriug eqmpment, which n,ay 
have an alarm feature, is very desirable for locations han­
dling "curie" amounts of radioisotopes. Such meters, and 
many portable survey meters, give an inadequate indication 
of the hazard arising from contaminated surfaces. Sueh 
surfaces may give a direct contact exposure hazard, or offer a 
means of transfer to the body . 

The instrument response corresponding to a permissible 
level of beta contamination is a function of the active mate­
rials involved, ,md each laboratory should properly evalu­
ate these levels for its own purpose. In general, if a Geiger 
counter of flat-plate area about 2 square inches is passed with 
a normal hand motion over a suspected surface, contamina­
tion is present in undesirable amounts if there is an obvious 
instrument response. This policy will result in the cleaning 
of some areas which were not specifically dangerous to per­
sonnel. This in general is offset by the easier definition of 
this particular limit, and the benefits arising from the main­
tenance of an extremely clean work area. Care must be 
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taken to ensure that the test instrument used is reasouably 
responsive to radiations emitted by the. available isoto!;,es 
(for example, if C14 is used, rather specialized search eqUIp­
ment may be necessary). 

The amount of activity in the form of gas, vapor, dust, or 
spray in the air must be determined routinely in the lab­
oratory if the activities used are compatible with the produc­
tion of an inhalation hazard. 

3. Inspection of Protective Clothing 

The first inspection of protective clothing should be made 
by the wearer prior to removal. Very active items shonld be 
discarded as active solid waste, in closed containers. The re­
maining items should be washed and monitored under COn­
trolled conditions. Special laundry facilities should be used 
by all groups regularly engaged in radioisotope work. Pre­
ferred solvents for laundry rinses depend on the chemistry 
of the isotopes used. Where miscellaneous isotopes may be 
present, dilute acetic or citric aeid is recommended. Dilute 
nitric acid may be used on rubber items. Before contami­
nated garments are considered for release to public laundry 
service, the extent of hazard shall be very carefully evaluated. 

4. Inspection of Wastes 

Laboratory personnel is responsible for the inspection of 
the disposable containers for solid waste. Tests for emitted 
beta and gamma radiation, and in some cases for radioactive 
contamination of surrounding air, are required. Radiation 
monitoring of the assembly of these containers at a central 
depot may be necessary. 

Monitoring and segregation of active liqnid waste is sim­
ilarly reqnired. The inspection of gaseous and dust effiu­
ents, etc., is mandatory in the larger installations where 
such effiuents may be hazardous. Tests for possible deposi­
tion and accumulation beyond the confiues of the laboratory 
may be required. Detection methods sufficiently sensitive to 
give large-scale deflections when subjected to natural radio­
active contamination in air, water, or soil, are required, be­
cause the maximum permissible additional contamination is 
of this same order of magnitude. 
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5. Management of Radiation Accidents 

(a) External Radiation 

A person presumed significantly overexposed to external 
radiation should be removed promptly from the hazardous 
area. Snch a person should not be allowed to retnrn to work 
involving radiation nl,lless i~ is e,videp.t ~hat radiation damage 
will not result. If lIlvestlgatlOll lIld,cates that the over­
exposure may be .s~rious, t~e exposed pers~)U should be re­
ferred to a phYSICIan qlrahfied to ascertalll the extent of 
the radiation injury, if any. 

(b) Ingestion 

Persons swallowing radioactive solntions should be treated 
as for poisoning. The material should ~e removed by .an 
emetic or by stomach pu~p, and t!,~ resldne r~ndered m­
soluble to reduce absorptlOn. Add,tlOn of carrIer elem~nt 
may be indicated. Blood samples and subsequent urme 
samples should be analyzed to compute the body ,content of 
contaminant. Where this ap!;,roximates the maxI~uJ? per­
missible load, radical correctIve procedures are :ndI.cated. 
Similar protocol applies to other forms of potentlalmtake 
described below. 

(c) Surface Contamination 

Persons splashed with active solutions sbonld wash the 
affected parts immed!ate~y, and if still contaminated, apply 
recoO'nized decontammatmg agents. Where the chemIstry 
of the active solution is not immediately known, an applica­
tion of titanium dioxide paste, or a saturated solntior: of 
potassium pe!,man.gana~ followed by a !i-percent SOdIUIll 
bisulfite solutlOn rmse, IS frequently effectIVe. Care should 
be taken to ensure that no activity is left under the finger-
nails. . . 

When the hand is known to be contaminated WIth a small 
spot· of hi!l'h specific activity, it is better not to wash the 
hand, as thIS nnnecessarily spreads the contamination. Such 
spots are removed by masking off the surrounding areas, 
and by cleaninO' the affected part with cotton applicators 
dipped in snita'ble decontaminants .. Care sho.uld be taken 
not to scratch or erode through the epIdermal skmlayer when 
scrubbing the body to remove surface contamination. 
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(d) Minor Injuries 

Persons cut by glassware, injured by hypodermic needles, 
etc., should wash the injured part under a strong stream of 
water immediately following the injury. A venous, return 
tourniquet may be applied if the material is unusu!'lly toxic, 
If it is ascertained that the injury was caused by an Item bear­
inG" a hazardous amount of material, a biopsy section of the 
wgund should be analyzed. Excision of the part to reduce 
further body absorption may be indicated in e~treme cases. 

<e) Inhalation 

Persons inhaling radiotoxic fume, spray, or dust, should 
be treated to stimulate removal of the toxic material from 
the lung. 

VI. Transportation 
1. Shipment of Isotopes 

The shipment of radioisotopes should be made in accord­
ance with the regulations, of the Interstate Commerce Com­
mission, and with any further specific restrictious of author­
ized distributors of radioactive material (see appendix3). 
The formal regulations cover interstate rail, truck, and water 
transportation. Transportation by air operates under an 
interim arrangement (see appendix 3). 

2. Movements in the Laboratory 

Each laboratory or institution should have aeentral con­
trolled storage location for incoming isotope shipments. The 
minimum amounts of active material necessary for the in­
tended processing should be withdrawn from this store, and 
any excess returned promptly after the operation. Move­
ments of millicurie or greater amounts should be governed 
by written transfers. Each laboratory supervisor is then 
aware of the total activity problem in his group. Transfers 
from the central store to each laboratory should be made in 
properly shielded containers, and liquid shipments should be 
protected against spills. Within the laboratory, the active 
material shall be kept in a specified safe work place. Trans­
fers from one place to another should be reduced to a mini' 
mum, and, when necessary, should be made with shielding 
adequate to protect all personnel in, the laboratory. The 
general rules for such shielding may be deduced from the 
regulations prescribed for the shipment of isotopes outside 
the laboratory (see appendices 2 and 3). 
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Appendix 1. Beta-Ray Shielding 
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Appendix 2. Gamma-Ray Shielding 

1. Required Shield Thickness 

The table given below may be used to determine the r:e­
quired thickuesses for shielding from gamma-ray sources III 
the laboratory. 

Select column for energy required (use next higher if exact 
value is not given) . Entry gives thickness in centimeters. of 
lead for different source strengths at 1 m for 8 hr/day to gIVe 
50 mr. Add algebraically the correction terms for other 
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workin& ranges or times, and multiply by factor for shield 
material. 

Emample: An iron shield is required for the manipulation 
of 500 mc of radioactive material emitting lo8-Mev gamma 
rays at a minimum working distance of 50 em, and for. 4 
hr/day. 
Shield thickness= (8.60+2.77 -1.39) x 1.43=14.3 cm of Fe, 
in which (a) (b) (c) (d) 

a= basic entry. 
b=correction for danger range=50 cm. 
c=correction for 4111,/day. 
d = conversion from Pb to Fe. 

ENERGY (Mev) 
.Activity 

0.2 0.5 0.8 1.0 1.5 2.0 2.5 
----------

lOme_~ ___ -0.14 -0.36 -O.Zl -0.11 +0.37 +0.78 +1.U'i 20 me ___ ~_ -.09 .00 +.41 +.76 +1.57 +2.16 +2.63 50mc _____ -.01 +.47 +1.31 +1.90 +3.15 i4
.
00 +4.57 

lOOmc,, __ +.06 +82 +1.99 +2.77 +4.34 5.38 +6.05 
200mc ____ +.10 +1.17 +2.67 +3.63 +5.54 6.77 +7.52 
500 mc ____ +.17 +1.64 +3.57 +4.78 +7.12 +8.60 +9.47 
1 c __ "" __ "" +.23 +1.99 +4.25 +5.65 +8.31 +9.99 +10.95 2 c. _______ +.28 +2.35 +4.93 t 6. 52 +9.51 +11.37 +12.42 
5 c_""_~"M~ +36 +2.81 +5.82 7.66 +11.09 +13.21 +14.37 
10 C. ____ ~_ +.41 +3.17 +6.50 +8.52 +12.28 +14 59 +15.85 20 c _______ +47 +3.52 +7.18 +939 +13.48 +1598 +17.32 
50 c~ __ ~~ __ +.54 +3.99 +8.08 +10.54 +15.06 +17.81 +19.27 
100 c. ___ .. +,60 +4.34 +8. 76 +11.40 +16.25 +19.20 +20.75 

-------------
Dangel' PI", Plus Plus Plus PI", Plus Plus ra;nge 

-------------
20 cm~~ ___ +0.26 +1. 64 +3.16 +4.02 +5.55 +6.44 +6.85 
50 em ___ "_ +.11 +.71 +1.36 +1.73 +2.39 +2.77 +2.95 1 l:n _______ . 00 .00 .00 .00 .00 .00 .00 2 m _______ -.11 -.71 -1.36 -1.73 -2.39 -2.77 -2.95 
5m_~_~" __ -.26 -1.64 -3.16 -4.02 -5.55 -6.44 -6.85 10 ill ______ -.37 -2.35 -4.52 -5.76 -7.94 -9, 21 -9.80 

-------------
"Working 

time, hr/day Plus Plus Plus Plus Plus Plus Plus 

------------------
1 _________ -0,17 -L06 -2.04 -2.60 -3.59 -4.16 -4.42 2 _________ -.11 -.71 -1. 36 -1. 73 -2.39 -2.77 -2.95 4 _________ -.06 -.35 -.58 -.87 -1.20 -1.39 -1.47 
8~_"_~_" •• .00 .00 .00 .00 .00 .00 .00 24 ________ +.09 +.56 +1.08 +1.37 +1.89 +2.20 +2.34 

------------------
Absorber Timcs Times Times Times Times Times Times 

------
Pb _______ 1. 00 1.00 1. 00 1.00 1.00 1. 00 1. 00 
Fe~ _______ 8.80 2.88 1. 96 1.74 1.49 1.43 1. 47 Al 1 •• _____ 41,67 9.80 6.18 5,33 4.83 5. 00 5.28 H20 ___ • __ 106.84 21. 54 13.42 11. 59 10.36 11.11 11.19 

1 Or concrete. 
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3.0 4.0 
----
+1.40 +1. 70 
+2.91 +3.21 
+4.90 +5.20 
+6.41 +6.71 
+7.92 +8.21 
+9.91 +10.21 

+11.41 +11.71 
+12.92 +13.22 
+14.91 +15.21 
+16.42 +16.72 
+17.93 +18.23 
+19.92 +20.22 
+21. 43 +21.72 
-----

Plus Plus 

----
+7,00 +7.00 
+3.01 +3.01 

.00 .00 
-3.01 -3.01 
-7.00 -7.00 

-10,01 -10,01 

----
Plus Plus 

----
-4.52 -4.52 
-3.01 -3.01 
-1. 51 -1.51 

.00 .00 
+2.39 +2.39 
----
Times Times 
----

1.00 1.00 
1.4.8 1.59 
5.68 6.39 

12.11 12.78 

NOTES 
(1) Source activity is quoted in millicuries or curies, where 1 curie is that 

amount of radioactive material tbat disintegrates at the rate of 3.7 X 10 111 dis· 
integrations/second. However, the table is computed on the further assump­
tion that each disintegration yields ono gumma photon of the selected energy. 
This will lead to inaccuracies whenever the disintegration is complex. :Mol'e 
accurate calculations can be made by obvious methods when the disintegration 
scheme is known. 

(2) 'l'!le tabulation ignores the increased effective transmission of shields 
under wide beam irradiation. 

(3) '1'his form of shielding table (prepared by C, C. Gamertsfelder) is in­
tended to form a guide to rapid erection of temporary shielding structures in 
the laboratory. Where permanent installations ot maximllm economy are 
planned, more detailed calculations by conventional methods are required. 

Appendix 3. Shippin~ Rules 

I. Interstate Com.merce Commission Regulations 

The Interstate Commerce Commission requested the Bu­
reau of Explosives, Association of American Railroads, to 
formulate regUlations for adoption. The Bureau of Ex­
plosives was assisted by the Subcommittee on Shipment of 
Radioactive Substances of the Committee on Nuclear 
Sciences of the National Research Council. The regula­
tions became effective January 25, 1948. The following is 
an excerpt of those rules that will apply to expected ship­
ments of radioisotopes. 

MA.,{IMUM LIMITS OF SHIPMENTS 

Not more than 2 curies of radium, polonium, or other members of 
the radium family, and not more than 1011 disintegrations per second 
of all other radioactive materials may be packaged in one outside con­
tainer for shipment by rail express except by special anangements 
and under conditions approved by the Bureau of Explosives . 

EXEMPTIONS FROM PACKING, LABELING, AND MARKING 
REQUIREMENTS 

Radioactive materials are exempted from prescribed pack­
ing requirements provided they fulfill all of the following 
conditions: 

1. The package must be such that there can be no leakage of radio~ 
active matel'ials under conditions normally incident to transportation. 

2. The package must not contain more than 0.1 millicurie of mem­
bers of the radium family or the equivalent amount of plutonium, and 
not more than 5 X lOG disintegrations per second of strontium 89, 
strontium 90, or barium 140, 01' 50Xl0il diSintegrations per second of 
any other substance. 
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8. The package must be such that no significant alpha or beta radiaw 
t~on is emitted from the exterior of the package, and the gamma radia. 
twn at any surface of the package must be less than the equivalent of 
10 milliroentgens of radium gamma radiation filtered throu<>'h one¥half 
inch of lead for 24 hours. '" 

PAOKAGING AND SHIELDING 

SPECIAL HAZARDs.-Radioactive materials which present special 
hazards due to their tendency to l'emain fixed in the human body for 
lon~ periods of time. (i. e., radium, plutonium, strontium) must, in 
adtiltIon to the paclnng described below, be paclmd in inside metal 
containers, specification 2R, or other containers approved by the Bu­
reau of Explosives. Quantities and materials considered under this 
heading will be determined by the Bureau of Explosives. 

PACKAGING AND SHIELDING.-(l) AU radioactive materials must be 
so pac!red and shielded that the degree of fogging of undeveloped photo­
graphIC film under conditions normally incident to transportation 
(24 hours at 15 feet from the package) will not exceed that produced 
by 11.5 milliroentgens of radium gamma rays filtered by one¥half inch 
of lead, 

(2) The deSign and preparation of the package must be such that 
there will be no significant radioactive surface contamination on any 
part of the container, 

(?) T~e smalle~t dimension of any outside shipping container for 
radwactwe materIals must not be less than 4 inches, 

(4) All outside shipping containers must be of such design that the 
gamma ~adiation will not exceed 200 mrlhr or equivalent at any point 
of readlly acceSSible surface, Containers must be equipped with 
han~les and protective devices when necessary in order to satisfy this 
reqUlrement, 

~5) The outsid~ of the shipping container for any radioactive ma­
terIal, unless speclfically exempt from packaging requirements must 
be a wooden box, Specification 15A or 15B, or a fiberboard box' Speci­
fication 12B (Bureau of Explosives)" except that eq'uaUy effiCi~nt con­
tainers may be used when approved by the Bureau of Explosives 

(6) Radioactive materials which emit gamma rays must be p~cked 
in suitable inside containel's completely surrounded by a shield ~f 
lead or other suitable material of such thickness that at any time 
during tl'ansportation the gamma radiation at one meter from any 
pOint on the radioactive sourCe will not exceed 10 milliroentgens 
p~r hour for hard gamma rays, or that amount of radiation which 
WIll have the same effect on film as 10 mr/hr' of radium gamma rays 
filtered through one¥half inch of lead. The shield must be so desi<>'ned 
that it will not open or breal( under conditions normally inCident 
to tr~nsportation, an.d mus~ b~ suffiCien~ to prevent the escape to the 
exter 101' of the outslde shIppmg contamer of any corpuscular elec­
trically charged radiation, 

(7) Radio~ctive materials which emit only corpuscular electrically 
charged partIcles must be packaged in suitable inside containers com­
p~etelY shielded so that at any time during transportation the radia­
tron measured from any point on the shipping container will not ex¥ 
ceed the following limits: 

(a) Ten mr/hr for hard gamma rays, or that amount of radiation 
which will have the same effect on film as 10 llll'/hr of radium gamma 
rays filtered through one-half inch of lead, 
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(b) Electrically charged corpuscular radiation which has the same 
physiological effect as 10 mr/hr of gamma rays. 

When more than one type of the above radiations is present, the 
radiation of each type must be re~uced by shielding so that the total 
emission does not exceed that of paragraphs (a) and (b). The 
shielding must be designed so as to maintain its efficiency under con­
ditions normally incident to transportation, 

(8) Liquid radioactive materials must, in addition, be packed in 
tight glass, earthenware, or other suitable inside containers. The 
inside container must be surrounded on all sides and within the shield 
by an absorbent material sufficient to absorb the entire liquid con­
tents, and of such nature tllat ,its efficiency will not be impaired by 
chemical reaction with the contents, If the container is packaged 
in a m>etal container, Specification 2R, or other container approved 
by the Bureau of Explosives, the absorbent cushioning is not required, 

(9) Radioactive materials emitting electrically charged particles 
only must be packed in suitable inside containers completely wrapped 
and/or shielded with such material as will prevent the escape of 
primary corpuscular radiation to the exterior of the shipping con~ 
tainer, and the secondary radiation at the surface must not exceed 
the equivalent of 10 mr of radium gamma rays filtered through one­
balf inch of lead in 24 hours. 

(10) Empty shipping containers: All containers and accessories 
which have been used in shipments of radioactive materials, when 
shipped as empty containers, must be sufficiently free from radioactive 
contamination, that there is no significant alpha or beta radiation 11 at 
the surface, and the gamma radiation at any surface shall be less than 
10 mr for 24 hours. 

LABELING AND MARKING OF PAOKAGES 

Each outSide container of radioactive material, which emits gamma 
rays or gamma rays plus electrically charged corpuscular rays, unless 
specifically exempt, must be labeled with a label, red letters on white 
background, with design and wording as prescribed by the Bureau of 
Explosives. Each outside container of radioactive material, which 
emits corpuscular electrically charged particles only must, unless spe¥ 
cifica1ly exempt, be labeled with a label, blue letters on white back­
ground, as prescribed. 

2. Post Office Department Regulations 

The Post Office Department has recently issued' new regulations con­
trOlling the shipment of radioactive materials by mail. In general, 
these regulations have been revised to conform with the regulations 
issued by the Interstate Commerce Commission. The following is an 
excerpt of these rules which may be of interest to small users of 
radioisotopes. 

'16. Radioactive materials (liquid, solid or gaseous; manufactured 
articles such as instrument or clock dials of which radioactive mate-

9 By "Significant" radiatiOn is meant about 500 alpha disintegrations pel.' 
100 cm2 pel: minute, or about 0.1 mrep/hr of beta radiation, 
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rials are a component part; luminous compounds j and ores; residues, 
etc.) which fulfill all following conditions shall be accepted for mailing 
provided they are properly paclred in a strong tight outside container 
and marked "Radioactive Material-Gamma Radiation at Surface of 
Parcel Less than 10 Milliroentgens for 24 hours-No significant Alpha, 
Beta or Neutron Radiation." 

(a) The paclrage must be such that there can be no leakage ,of 
radioactive material under conditions normally incident to trans" 
portation in the mails, in sacks. 

(b) The package must contain not more than-O.l millicuries of 
radium, or polonium, 01' that amount of strontium 89, strontium 90, or 
barium 140 which disintegrates at a rate of more than 5 million atoms 
per second; or that amount of any other radioactive substance which 
disintegrates at a rate of more than, 50 million atoms per second. 

(c) The' package must be such that no Significant alpha, beta or 
neutron radiation is emitted from. the exterior of the package and the 
gamma radiation at any surface, of the package must be less than 10 
milliroentgens for 24 hours. 

(d) The design and preparation of the package of radioactive mate~ 
rial must be such that there will be no significant radioactive surface 
contamination of any part of, the container. Liquids must be packed 
in tight glass, earthenware 01' other suitable inside containers sur~ 
rounded by an absorbent material sufficient to absorb the entire liquid 
contents and of such nature that its efficiency will not be impaired by 
chemical reaction with the contents." 

3. Interim Regulations for Shipment by Air 

SHIPMENT OF RADIOACTIVE MATERIALS BY AIR 

An interim arrangement, under which air express ship­
ments of radioactive substances are currently carried by cer­
tain airlines, is given in Rule 13-A of Supplement No.5 to 
the Railway Express Agency, Air Express Division, Tariff 
No.8. ThIS document is also known as Supplement No. 5 
to CAB No. 22. It reads in part: 

The following radioactive materials will be accepted, subject 
to shipper compliance with the following requirements, _except 
that such shipments will not be accepted for transportation in 
aircraft operated by All American Aviation, Inc., Inland Air Lines, 
Inc., National Airlines, Inc., Northwest Airlines, Inc., Trans~ 
continental and Western 'Air, Inc., and/or Western Air Lines, 
Inc. (See Rule No. 12-B.) 

CHARACTERISTICS: Emit Gamma and other rays with maximum 
rating for l~gram equivalent of radium.-

PnO'l'ECTlVE PACKAGING REQUntED: Encasement in lead of thick­
ness prescribed by "Committee on Standards of Radioactivity­
National Research CounCil" for full protection of undeveloped 
films at 30 feet (developed films unaffected), and full protection 
of all airline personnel and passengers. 

SPECIAL MAJiIUNG ON PACKAGE REQumED: "Do not place in same 
compartment with undeveloped films or mail." 
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Appendix 4. Publications 

1. Publications of Interest to Radioisotope 
Laboratories 

Atomic Energy Commission, Isotopes Division, Circular B-7, General 
rules and procedures concerning radioactive hazards. 

Braestrup, C. B., and Wyckoff, H., Protection requirements of, one 
million volt and two million volt roentgen ray installations,' Radi­
ology, 51, 840 (1948).-

Cantril, S. '.r., Safety rules and procedures concerning activity hazards, 
MDDC 992. 

Cantril, S. T., and Parker, H. 'M., The tolerance dose, lVIDDC 1100. 
Evans, R. D., Health physics; 'instrumentation and hazard evaluation, 

",The science and engineering of nuclear power," chapter 16 (Addison 
Wesley Press, Cambridge, Mass., 1949). 

Failla, G., Protection against high energy roentgen rays; Am. J. Roent~ 
genol. Radium Therapy. 54, 553 (1945). 

Lea, D. E., Actions of radiations on living cells (The Macmillan Co., 
New Yorl" N. Y. 1947). 

Levy. H. A., Some aspects of the deSign' of radiochemical laboratories, 
CJlem. & Eng. News 24, 3168 (1946). 

Marinelli, L. D., Quimby', E. H., and Hine, G. J., Dosage determination 
with radioactive isotopes. II. Practical considerations in therapy 
and protection, Am. J. RoentgenoI. Radium Therapy, 59, 280 
(1948). 

Morgan, G. W., Surveying and monitoring of radiation from radioiso­
"topes, Nucleonics,'4, 24 (1949). 
Morgan, K. Z., Health physics and its control of radiation exposures 

at Clinton Laboratories, Chern. & Eng. News, 25, 3794 (1947). 
Morgan, K. Z., Shipping of' radioisotopes,_ J. Applied Phys. 19, 593 

(1948). 
Morgan, K. Z., Protection against radiation hazards and' maximum 

allowable exposure values, J. Ind. Hyg. and ToxicoI. XXX, 286 
(1948). 

Morgan, K.' Z., Tolerance concentrations of radioactive substances, 
J. Phys. and Colloid Chern. 51, 894 (1947). 

Nickson, J., Measures for the protection of personnel and property. 
(In "Symposium on the use of isotopes in biology and medicine," 
Univ. of WisconSin, 1948). 

Pardue, L. A., Goldstein, N., and WoUan, E. 0., Photographic film as a 
pocket radiation dosimeter, MDDC 1065. 

Parker, H. M., Health physics, instrumentation and radiation protec­
tion. "Advances in Biological and Medical Physics," chapter V, I 
(Academic Press, New York, N. Y., 1948). 

Parker, H. M., Radiation hazards of Bremsstrahlung, MDDC 1012. 
Quimby, E. H., Physical methods of dosage determination in radiation 

tberapy, J. Applied Phys. 18, 678 (1942). 
Sullivan, W. H., Control of radioactive hazards, Chern. & Eng. News 

25, 1862 (1947). 
Tompkins, P. C., Laboratory handling of radioactive matedal: Pro­

tection of personnel and equipment, MDDC 1527. 
Western, F., Problems of radioactive waste disposal, Nucleonics, 3, 

[2] 43 (1948). 
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Wirth, J. E., Occupational Med. 2, 428 (1946). 
Wyckoff, H. 0., Kennedy, R. J., and Bradford, W. R., Broad and Darrow 

beam attenuation of 500-1400 Kv X-rays in lead and concrete, Nucle­
onics, 3, [5] 62 (1948). 

American Standards Association, Safety code for the industrial use of 
X-rays. 

Introductory manual on the control of health hazards from radioactive· 
materials: (Prepared for the Medical- Research Council by the 
Ministry of SUpply, Atomic Energy Research Establishment) Issue 
No~ 2 (Jan. 1949). 

Medical X-ray protection up to two million volts (National Committee 
on Radiation Protection, Subcommittee 3, H. O. Wyckoff, Chairman) 
NBS HandbOok 41. 

Recommendations of the British X-ray and Radium Protection Com­
mittee, Seventh Revised Report (Oct. 1948). 

Waste disposal symposium, Nucleonics, 4, 9 (1949). 
Symposium on Radiochemistry Laboratories (Ind. Eng. Chern. 41, 228, 

1949) : 
Impact of radioactivity on chemical laboratory techniques and 

design, R. O. Tompkins, and H. A. Levy. 
Radiobiochemicallaboratories, W. P. Norris. 
Research with low levels of radioactivity, J. W. Swartout. 
Semihot laboratories, N. B. Garden. 
A radioisotope building, P. O. Tompkins. 
Laboratory for preparation and use of radioactive organic com­

pounds, C. N. Rice. 
Remodeling a laboratory for radiochemical instruction or research, 

H. A. Levy. 

Submitted for the National Committee on Radiation Pro­
tection. 

LAURISTON S. TAYLOR, Ohairman. 

WASHINGTON, March 7,1949. 
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