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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
Committes, 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.
Fach of these committees is charged with the responsibility
of £I'epar1ng protection recommendations in its particular
field. The reports of the subcommittees are approved by the
main committee before promulgation. P

The following parent organizations and individuals com-
prise the main committee: o
H. L. A¥prews, United States Public Health Serviee, .

B, G. WirisMs, M, D, United 8tates Public Health Service, - .. .
SHIELDS Wakren, M, D, United States Atomic Energy Commission.
K. 7. Morcax, United States Atomie Energy Commission, :
L. ¥ Curriss, National Barean of Standards. : :

I. 8. Tavrow, National Bureau of Standards, L :

. . Cuazvyow, National Electrical Manufacturers Association,

L. Carr, National Blectrical Mapufacturers Asscciation.

B. WiLLiaMs, M, D, American Medical Association.

3. 8romE, M. D, Radiological Society of North Armerica.

Farra, Radiclogical Society of North America. B

. R. Newzrz, M. D., American Roentgen Ray Society.

. T.. WEATHERWAX, American Hoentgen Ray Society.

. QuiMpy, American Radium Society. o

e

[o3--Risl e

Huw

J. ., Wintd, American Radium Soclety. . ] P
L. % Tayror, International Commission for Radiologleal Protection.
R G

Pravey, Secretary, National Bureau of Standards.

The following are the subcommittees:

Subcommittee 1. Permissible dose from external sources, G. Failla,
chairman. -
Sabcommitiee 2. Permissible internal dose, K, Z, Morgan, chairman.

g




Subcommitice 8, X-rays up to two million volts, F. O, Wyckoff,
chairman,

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

Subcommitiee 5. Blectrons, gamma rays, and X-rays ahove two million

volts, L. Marinelli, chairman, . CONTENTS

Suobeommittee 6. Handling of radioactive isctopes and fission products,

H. 3L Parker, cl{lair_mar'l. o i Preface. ... .. ____ ) . L Paf;
S&?§$§§;§fee 7. Monitoring methods and instraments, H. L. Andrews, I. General considergtioﬁs::-_::::::::::::::::::::::: 1
Subcommittee 8. Waste disposal and decontamination, ;: i?ﬁ?agget?;%%ﬁf?;@%lfjijj::i:j'f::ffjj::j:j:"":‘ . ;}

With the increasing use of radioactive isotopes by industry, : 3. Hagards in handling radioisotopes__._..______:"_ 7777 g
the medical profession, and research laboratories, it is essen- ‘ I P 4. Pr mlclpze underlying protective measures.....___.__.__ 7
tial thai certain minimal precautions be taken to protect the T S°§§§e1;51; and Instruotion of personnel. .. 107U S
users and the public. The recommendations contained in 2. Bffects of radiation__._ .. e S 8
this handbook represent what is believed to be the best avail- 8. Blood eount...___....___ TTTTTTTIUTTITTT g
able opinions on the subject as of this date. As our experi- 4 F h(y *;’w(af SHATARALIONS - - - oo 9
ence with radioisotopes broadens, we will undoubtedly be : éf) Uﬁi‘ij@gj;‘;,;a”ggﬁgg Bests, L memTmmeeeen 3
able to improve and strengthen the recommendations for their 5. Personal eleanliness_______._____ZTTTTTTTTTTTTOOTTT 4y
safe handling and utilization. 8. Housekeeping. ... .. ____ 7T 10

Through the courtesy of the National Research Couneil T Tk ?&%ﬁw"f;g-n“?"g"“? """"""""""""""""""""""""""" 10
about a year ago, several hundred draft copies of this report Y Genegai wicirlldig cggﬁigﬁfém ________________________ ﬁ
were circulated to all leading workers and authorities in the 2. Floors__. . ________ TTTTTTITITTTTTTTTTTTOGY
fleld for comment and criticism. The present handbook em- 3. Walls, colling, and woodwork.._....________ 7777777 11
bodies all pertinent suggestions received from these people. § Veﬂt,fﬂfﬁéﬁ ““““““““““““““““““““““““““““““““ 1
Further comment will be welcomed by the committee. 6. Hoods and benhes. | T1T1TTTTTTITT T ig

One of the greatest difficulties encountered in the prepara- 7. Disposal of contaminated wastes______._______ "~ i
tion of this handbook lay in the uncertainty regarding per- : (g) ﬁbs.orbe“t Dapers, wipes, ebe. ... 12
misgsible radiation exposure levels—partieularly for ingested Ec)) Tgﬁ;‘;e B e — %g
radicactive materials. The establishment of ‘sound figures 8. Protective clothing_ . [ TTTTTTmmmmmmoes 13
for such exposure still remains a problem of high priority for V. Hazard instrumentation. ... ____ZZ7TTTITITTTITTTIITOTT gy
many conditions and radioactive substances. Such figures as 1. P ez‘s)c’nf}e},lmgt?rs"}; ------------------------------- 14
are used in this report represent the best available informa- (2) Fﬁg"b;c‘i’ges AODETS eeoeeee ﬁ
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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
essentially limited to a few locations having access to eyelo-
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.
Widespread 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
suitable for typical laboratory or small industrial operations.
In all cases management specifically assumes the responsi-
bility for the proper selection and maintenance of the stand-
ards necessary for safe operation. The small Iaboratory,
handling low levels of radioactivity, may modify or omit
some of the following recommendations. A periodic review
of such modifications by a competent radiation protection
authority may be desirable. 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 & mandatory sense. The latter applies to those réc-
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. Severs
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




MapLe 1. Properties of the principul radioisotopes
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= Caloiumn absorption and exeretion is dependent or blood calcium level.

b Iron absorption from the gut is influenced by the lovel of iven present in the bloed and
Ewcr.] Onee iron enters into the metabolism of the animal, the exerction rate lor thut fron is
very low.

s As: Retention in all tissue is very low,

TARLE 1. Properties of the principal radioisotopes—Continued
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material has entered the body and been deposited in the
organs governed by its metabolism, it is difficult or impossible
to expedite the natural rate of elimination from the organ.
It is, therefore, essential to avoid all ingestion or inhalation
of radioactive materials and to test potentially exposed per-
sormel for such accumulations whenever a suitable method
exists.

Absorption of 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 800 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 safe as far as any
bodily injury is concerned, when there is no other type of
radiation exposure. The importance of possible genetic
change effective in later generations has not been established.

3, %Vhen the body is exposed to an external source of beta
radiation, only the superficial layers up to a few millimeters
in thickness are irradiated. Nevertheless, for safety, the
limiting general exposure to external beta radiation should
be taken as 500 mrep */week in the surface layers. The outer-
most layer of skin is considered to be a dead hornified layer,
which acts as a filter, and the dose is computed for the zone
immediately below this. In E%eneratl the filter thickness is
taken as Tmg/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 of 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-

B e absence of an internationally accepted unit, the “rep” is a con-
venixgltﬁého%thand notation for statements of dose of lonizing radiation not
covered by the definition of the roentgen. It represents thzyt dose which pro-
duces energy absorption of 98 ergs/gram of tlssue, The actual energy absorp-
tion in tissue per roeptgen is o function of the tissue composition and of the‘:
‘wegvelength of the radigtion. Tt ranges between 60 and 100 ergs/gram. For
caleulations of perinissible exposure thig variation is ignored, and a beta-ray
dose of ope rep is said to be physicaily equivalent to an Ze.ray dose o£ Ong
roentgen at a given point in the bedy. The numerical coeflicient of ihe ren
hag been deliberately ekanged to 98, instead of the earlier 83; o agree with
L. H, Gray’s “energy-unit”,
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clude that due to radioactive contaminants deposited in the
skin. : BRI

In connection with the four types of hazard enumerated
above it is important to bear in mind that the permissible ex-
Eosure as quoted applies under conditions where only one

azard exists. In the handling of radioisotopes, all four
hazards exist together, and this may reduce the permissible
exposure to each. Simple summation of the jonization con-
tributions at any point in the body from. the four enumerated
causes is assumed2 . -

In particular, the total irradiation of any part of the body
(with the exceptions noted above), should not exceed 300
mrep/week® 1t is advisable to keep well below the guoted
permissible exposures whenever mixed eXPOSUIes MAay OCeur,
because of the increased difficulty of registering such expo-
sures accurately. T S

4. Principle Underlying Protective Measures
The fundamental purposes of protective measires in the
handling of radioisotopes are: SRR
1. To prevent ingestion, inhalation, interstitial, or
other modes of entry into the body.
2. To reduce the amounts of external irradistion to
permissible levels, R

The first requirement is fulfilled by good housekeeping
and work habits, and by operation in a laboratory properly
equipped for the handling of isotopes, including protective
covering, manipulative ﬁevices, suitable ventilation, - and
waste disposal facilities, The second requirement, mainte-
nance of satisfactory levels of externial radiation, is goverted
by procedures such as those contained in the National Bu-
rea of Standards Handbook 28, “Radium Protection,”
which should be available to all personsg working with radio-
isotopes. Special requirements arise when isotopes with beta,
activity, essentially free from gamma activity, are used.

* Laboratories that specialize in the use of a- fow 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 the contributions from internal depogsition or skin contamination
Wil be effective 24 hr/day, and 7 days/week. Contributions from extérnal
sources are limited to the normal workiveek {48 hours). . . I
. ° A more detniled discussion of permissible limits of exposure will be found
in the report of the Subcommittee on Permissible Dose from Hxternal Sources,
new in preparation,




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

(1) For atmospherie contamination: 10-° pe/om ®
(2) For water contamination: 107 pe/em?

II. Personnel

1. Selection and Instruction of Personhel

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 recoremended. All individuals employed in
radiation work shall be informed in detail of all known dan-
gersinvolved. They shall be instructed regarding local rules
and regulations for protection, and should be expected to
observe them in all details. Tt is particularly important that
all users of radioisotopes should be considered as potential
full-time vsers,

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-
life, and the biological haif-life, which is determined by the
elimination rate. The bone-seekers (for example, stron-
tium) will produce effects similar to those found 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 irapend-
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. No one should be em-

8

ployed who shows pertinent abnormalities in the blood count.
Blood counts should be made at regular intervals (normally
3 months) during 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
congidered that overexposure of the individual will be de-
tected by changes in blood count* Poor protection tech-

. niques may be detected by blood count findings before per-

manent injury to the individual occurs® ~
4. Physical Examinations
(a) General .

A thorough medical examination should be made of each
mdividual potentially exposed to significant amounts of radi-
ation before employment, and annually thereaffer. -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 internal de-
position. More frequent examinations are warranted when
the exposure potential iz high. The nature of such tfests
will depend upon the particular isotopes to which the in-
dividual may have been exposed. Sudliciently sensitive tests
for the deposition of all relevant isotopes may not exist.

(b) Urinalysis and Other Tests =~ .

An analysis of radioactivity of the urine ig a desired pro-
cedure. Normal urine contains radiopotassium in amounts
which may mask the added radioisotopes for which tests are
made. Either potassium should be separated from the
sample and the residual activity measured, or when the pos-
sible exposure is restricted to one isotope, this should he
chemicaily separated from the urine. Ixamination of the
feces may be required when the predominant elimination is
by feces. Special tests for specific isotopes are in order when
they exist (e. g., radioiodine may be estimated in the thyroid
gland in terms of the émitted gamma radiation measured by
a Geiger counter or ionization chamber).  Where exposure

4+ A single exposure of 25 T edn appavently éscape detection by standard
blood counting technigques, )

E A meore detailed disenssion on blood courits will be found in National Bureau
of Standards Handbook 41, Medical X-ray Protection up to Two Mililen Volts.




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,

. Radioactive isotopes must be treated like other poisonous
substances. - Extreme persornal cleanliness in the laboratory
ig, therefore, desired. - The material must not be spilled or
scattered; and must not come i with the hands s
clothing to any appreciable extent.. ‘At the end of each work
period, the hands shall be carefully washed. No. edibles of

any kind, including chewing gum; candy, or beverages, shall
be brought into the laboratories; nor shall they be touched
before removing all washable traces of radioisofopes from
the hands. © The use of cigarettes or application of cosmetics

in' the laboratory may result in transference. of activity. to
es. burned. on -the. cigarette: may be

‘the lips. . Radioisotop

.~ The hands should be tested: frequently with: 8 Geiger

counter or other instruments of suitable sensitivity to deter-
mine whether contamination exists. Tmmediate steps to re-
move contamination shall be'_tafi;tgn'-when_foun‘d‘_.-;_ SRR

. Neatness in the laboratory is & prime requisite for: elim-
ination of the’ spréad of contamination.” The work area
should be free from equipment and materials not reqaired
for the experiment ot hand, and equipment used should be
decontaminated and stored: in g controlled location after use,

7. Supervion

.. The'supervisor of 4, worlk g roup or the leader of a labora-
tory group: has the reésponsibility for: seeing that the radi-
ation work under his guidance is performed in a safe manner,
The supervisor is required to see that the established rules
regarding food handling, checks of personnel activity, waste
disposal, etc.; are maintained. - The’ objective is the educa~

tion of each and every worker to. follow these necessary pro-
cedures for his own: protection and ‘the-'gr_otecti_Onr of others.
In a radioisotope laboratory, skill in' radiation protection is
as necessary as skill in chemical or. biologieal manipulations,

Persons failing to develop such: skills should be advised. to
transter to ‘other. occupations. ..

1 contact with the hands or -

II1. Laboratory Design: and Equipment
Successfulwork with radmzsotopes other than in true
tracer amounts requires the use: of laboratories and: equip-
ment specially. designed: for the purpose. - No work should

be undertaken in these rooms other than that corncerned: with,
the application of Tadioisotopes, - R SR,
S Coeihs 20 Floors i SRRt

The floors shall have smaoth and continuous surfaces, as
far as possible; such as stainless steel, painted concrete, or
linoleum. - Absorbent. floors, for example, wood, should be
avoided.. - Asphalt tile and similar materials ave perimissible,
provided. that . the laboratory supervisor.is aware of. the
hazards of accumulation of radioisotopes in the cracks.  The
ease of replacerent of sections of tile floor may compensate
for the hazard of crack contamination.: Floors should 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 & nori.
porous. washable. surface, which may. be cleaned to remove
accumulation: of radioactivity.” Projecting ledges, hanging
lamps, etc., which may accumulate dust: should be avoided,

. 4. Ventilation

- All Taboratory “operations with more than low-level ac-
tivity should be conducted in hoods which will ‘be provided
with forced ventilation sufficient to maintain the’activity
content. ofthe room’ air below: 102 pe/em® at any place at
any time,. The linear velocity of air flow should be in the
range: of:'100 “to 150 fést/minute. " Specially. hazardous
operations, (e. g, handling long-lived bone-seekin . Isotopes
in injection or inhalation studies on animals): should be con-
_'ducte_dg’,by.;’_per:s;f_)imel_.ﬁ:‘tveari_hg_.s’uitabléé respirators or sup

plied-air masks.” Hoods with indiﬁfidtial.ﬁtolter systeras for
the exhaust air are preferred. : Multiple:-hood. systenis:are
dangerous becatise reverss air currentsi ay oceur,
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5. Equipment =~

Special equipment. suitable for: the type and level of ac-
tivity being used should be provided foreach ty%e of opera-
tion. - This should: include handling: tools such'as tongs,
forceps, trays; and mechanical holders.  Long-handled tools
provide-adequate protection by . distance wﬁe'r_e- millicurie
amounts of beta or gamma activity aré encountered, . Semi-
remote-control sampling and: stirring’ devices should: be in-
cluded. : Operations with larger amounts réquire the use of
specially desighed, remote-control equipment including a
shielded optical system (e: g.;.a periscope or mirror arrange-
ment):". When' 'the isotopes concerned are primarily beta
emmitters; efficient use. ¢an bé made of transparent’ plastic
shields® fitting closely around the equipment to allow close
handling ‘with good: visibility.  Containers for the active
material should mcorporate the necessary shielding as cloge
to the ‘source as possible. . ‘Containers for liquid: samples
should - always: be ‘reinforced by an: outer, unbreakable

container. -

Sy e 60 Hoods and Benches o
 TLaboratory benches should be free from cracks; crevices, or
sharp corrers:* 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 *. to ‘catch - minor spills; and’ this: paper, should be
changed. after each. laboratory experiment.” The work'in
hoods should similarly be performed over an inner washable
tray’ covered with' the absorbent paper. The work bench
should be equipped with wiping papers for the prompt re-
moval of spills.. Drawers in' work benches, if provided at
all, should be washable and have removable liners, - - »

7. Disposal of Contaminated Wastes

i (,‘ti) Absorbent Ps}ll"}_érs,: W'if;és:,:‘etc. : :

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

18 Gae aippendixlfor thielnesg, S0 n T L T
T A “diaper’’. paper. is available that has a waterproof backing to reduce pene.
tration of spills to the work surface.... L ST R

8 This gubject will be covered more extensively in the reporf of the Sub.

committee on Waste Disposal and Decontamination, .

12

posal vessels fromn the laboratory should be made: - The even-
tual- disposal of such items is conditioned: by the half-life
and toxicity level'of theisotopes invelved. With short half-
lives, retention of the miaterials in' g controlled area, until
their residual activity i insignificant; is a preferred method.
With™ long-lived ~isotopes, the laboratory management is
committed to & 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. * .. oo oo
G Do oo (b) Active Sofutions i
- The disposal of active solutions fo the public sewers can’
only be considered safe when the possible subsequent chemi-
cal, physical, and biclogical concentrations: will'still leave’
the materials ‘at safe: concentrations. - Disposal to a water
system should ineltide 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' oceur:
‘Whenever possible, the principal activity in the waste solu-
tion should: be: rémoved, and  discarded “as active solid
mageriall - ool e e
- Exereta. from' isotope-injected - animals or patients; and
liquors from equipment or clothing: decontamination; may
require attention as active solations, v [l e

. 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. -

8Protect1ve Clothmg S

" 'The degres of protection required is a function of the ac-
tivity used. Even tracer amounts should be handled with
Iaboratory - coats protecting normal attire. . Where routine
radiochemical or biological 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 provision of shoes to be used only in the
laboratory is preferable. : - .
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. Banges?: " | . Remarks.

Lauz_zt._sen electroseope..., ‘ Beta, _gamma_--__ Quartz ﬁber electroseope, }f‘:ed C_ Single range, nominal | Incomplete safuration gives non-:
S o S : Hensoa Go., Pasadena., Oa}:.f w0 maddmum: 1 p/he, o 0o linear response - and Xeglives:

. o R St specialized cglibration.: May-

' be Jenquipped’ with - 0.0002-in.
window for aipha detection
and used .with' alpha (8.7 8.,

) 0(}02111 aper) and beta (6,.€,,
17 3 mum Al) shields for almost all:
: neeessary smaii Iaborasory sur-..

LW (Lan&sverk WOllan) : Improveci qzmrtz ﬂber eleetro— “Dual renge, nominal -.Rugged holds calibration. well.

smvey meter.- -+ 8e0pe; 100-cm? ion chamber; time |- maxima 100 rar/hr, Relatwely slow. but: otherwise -
. . ing cireust flash ﬂ]uminates mi- | ir/hy Poi b convenlenf-and versatile.
o ©erascope scale indieating: limits |0 7 . Satisfactorily fres from waves
=% - of preselected tins interval. Slid- B Eength dependenee :
- ing metal’ sereeni to--eliminate |
" betaradiation, Kel]eroetthg. ’
I P gl g R i1 G0y Covmgton,Ky' R : ! : ;
Victoreen survey meter.. .| Gamma..... Compac[; chamber ané. amphﬁer- Smg&e remge, nommal .'Readﬂy adaptabte to 0 eratlng'
R i nns e olveni, T Wide-variety of ranges | maximum ; 206 ;. chamber on a'long -probe, pro-
avaﬂable on- special order, Vie- | - mrﬂzr vxdmg distance: prosectlon for
o toTesn: Znstrument Co -3 Cleve—- o . the operator
S 5 land, Ohie,. 00 : L Tl G
Poztab]e Gexgex—Mullcz Bata, gamma.....| _Audmle szgnal and,!or countmg Mulnplerange, nozm— “Por rapxd radiai;ion detection,
. eelmters. el e : rate mefer, - Nuraerous : s T nal- maxnm um. = Normally improper for: quan-
mercml rozmsavaﬁabie. : 80, 0€JO c[m - titative  work. - Each type’
. shounld be tested for tempera-
- ture and failure at h]gh oount~.
Doy S R o & : ; . ingrates, - .
Poppy.... mmemmeeemien il AlDhS. -o--2-|-Audible. signal and cotinting rate; 3 zanges, nommal Normally used'_ quahtative'.
ST R Gty INUT b mmeters s Raytheon: Mfg._ Qo., [ maximum:, 7, 50{} - audible indieatof, = Detects
= Newton Mae.s B L c/m  minimum of about 150 dfim.
C. P.meter_.... - Bets, gamma..._. Ohamber 3-m dlam hy e-m 10 g 3 ranges nominal 'nghs 4 peunds, easzly st to
B e el i of Bakelite with: detachable en: maxima: 50, 500,- o gero in radiation field. Execl
L - cap for- hote-ganma - diserime |: 50{)0mr1hr. o lent general purposs nstroment
ination,. ' Sieple elect:ometer ’ o for radiation - field or suriace
.. ¢ireuit. . Teehnical Assoczates contammtxon measz:rements
! L . ’ Giendale, Gahf : ) :
TUNO. e e s —— Alpha, bets, [ Ton chamber’ sumlar to Zeute 3-ranges, nominal Combmes many of the advan-
S TR gapamms. . L Has bullt-inshields’ controlied maxima: 50, 5(}0, tages of the. 0 P, Aeu%o, and:
ciesl o e | from handle o diseriminate be- | 50{)0 mzjhr N : Zezzs. el : -
tween sipha, beta, and gamma, |- PORIRRNN (o o
- §imple - elecizometer: circuis. |7 -
7 Technical Assoclates, Glenéa e, N
T Caizf.. : g : : : !
Beta, : gamma _“Shoe box” type WJth 1 to 2 Ilter 4 seales. zp 0 26,100, Rugged and relmble generai Dur-
o (alp}_aa). : don chamber, with--wiré-tuesh 1. 500 mr/hr, 2.5 r/ar. [ pose insfrument. . Not entirely
L - window, . Thin sereen slides i |0 v ‘free from -wavelength depend-
3  to climinate aipha adiationand [ 700 coonT I ence; but thls 15 not & ermeal.
- thick plastic scresn further dis- nee e defe,ct e g )
"..criminates between” beta: and
ey Jgammsg - rays. . Amphﬁer has |.
R . favorable-time constant, 6. g..°[:
R : Raulané Corp. Ohmago, _111._. : e .
‘Beta (aipha.. 'Sunzlar i0 Zeus c;rcult put thh ) seales up to 4 mrepl ngh sens:tlvlty and falr sts-
R R i feedback fo ncrease Sensitivity. [: hr, up e 40 mrepfhr - bility. *Geod for snxface cons
+ Designed” for: alpha - meastre- | - tamination measyrements and -
. rents; but- suitable . for: bata . CA T =717 can be applied: to) O and 538
radiation, e. £., Victoreen Instru. - contammaﬁmﬂ.- e
- ment, Co., C]eveland Omo. S - o

r Indication of a manuiactu.rer’s neme does not; eonstltute endorsement of the mst.rument nor deuy the supenonty of other makes.
=2 For beta-gamma fnstruments, fhe BATIDa TaYS are quoteé Gahbxanons Ioz betﬂ radmmon may depend on the am.rgy of the parbmles and the
geometncai dxssnhut;ons of the soures. ; : - - ;




4. Dust, Gas, and Vapor Samplers. -

S * (a) Dust Samplers "~ -
Dust or spray may. be sampled by ‘drawing air through a
filter, or by electrostatic. ‘precipitation. The Hltration
method is reliable, provided that leaks around the edge of
the' collection paper are”eliminated. : The activity on the
sample paper is measured on standard laboratory. counting
equipment..- Complications- dare introduced when the half-
life of the collected material is short or comparable with the
collection time:  The electrostatic precipitation method per-
mits the precipitation onto an aluminum surface which is a
suitable source for the evaluation of range and energy of the

deposited particles, oo T s TR

: . 7 (b) Gas and Vapor Samplers _ :

- One type ‘of sampler draws air through an ion chamber
and measures the jon current with a suitable electrometer
eircuit. - A continuous record of the activity in the atmos-
phere may be obtained in this manner,  The method ig un-
suitable at Iow levels because of the difficulty’of avoiding
disturbance to the chatber insulators by friction, ete.” Ano
other method involves the collection of samiples in evacuated
containers: which can be returned to g central locakion for
samplig. - In'special cases, chemical or adsorption methods

are available for specific gases or vapors:

V. Hasard Monitoring =

- The monitoring of personnel with respect to incident radi-
ation is achieved by the use of pocket ion chambers and/or
film badges worn on the person. It is standard practice to
process the pocket chambers daily, and the films weekly.
Where experience has shown continued low exposire, films
read every 2 weeks give an adequate exposure index. ~ Simi-
larly, self-reading pocket chambers may be worn for an ex-
tended period if the casual leakage is insignificant. - Finger
film should be processed at least weekly, . .o . . ... .

In general, each individual using radiosotopes should be
responsible “for monitoring himself ‘against contamination.
The inspection should include qualitative tests for contami-
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nation of the clothing, hands; and other parts that may be
contaminated. - Hand checks shall be mandatory before leav-
ing the work: aren for Tuiich or termination of the work day.
In those cases where. 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-
8 Prompt removal of contamination, when found, is a nec-
essary corollary of the inspection: -~ vy
<o hie 2 Inspection of Work-Areas. o o
. 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. . Axn  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 conditiong, each pérson in the laboratory
should be responsible for maintaining an adequate frequency
of inspection in his own work area.. iil larger organizations,
it may be expedient to employ personnel specifically for these
inspections. . Continuous monitoring equipreent, which may
have an alarm feature, is very desirable for locations han-
dling “curie” amounts of radioisotopes. - Such’ meters, and
many portable survey meters, give an inadeqtiate indication
of -the hazard arising from' contaminated surfaces. " Such
surfaces may give a direct contact éxposure Hazard, or offer a
means of transfer to thebody. - o oo n e
"The instruinent résponse corresponding to a permissible
level of beta contamination ig a function of the active mate-
rials invelved, and each laboratory should properly evalu-~
ate these levels for its own purpose.  In general, if o 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. © Thig policy will result in the eleaning:
of some aread 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 extreriely clean work area. Care must be
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taken to ensure that the test instrument used is reasonably
responsive to. radiations: emitted by the. available isotopeg
(for example, if C** is used, rather specialized search equip-
ment may be necessary). e TR s e ST
. 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 witi: the produc-
tion of an inhalation hazard. 00 o T

3 Tnspection of Protective Clothing

 The first inspection of protective clothing should be made
by the wearer prior to removal.” Very active items should be
discarded as active solid waste; in‘closed containers.” The re-
maining items should be washed and monitored under ¢on:
trolled conditions. .* Special laundry facilities should be used
by all- groups regularly engaged in radioisotops work.. :Pre-
Terred solvents for' laundry rinses depend on the chemistry
of the isotopes used.. 'Where miscellaneous isotopes may be
present, dilute acetic or citric acid is‘recommended.  Dilite
nitrie-acid may be used on rubber items  Before contami:
nated garments are considered for release to public laundry
service, the'extent of hazard shall b very-_caret%ny- evalioated.

| 4 Tnspection of Wastes

_Liaboratory persomnnel 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 cerfral
depot may be necessary.” o s
. Monitoring and segregation of active liquid waste is sim-
iarly required. - The inspection of gaseous and dust effli-
ents, ‘ete., . is, mandatory in the larger ‘installations where
such efffuents may be hazardous.. Tests for possible deposi-
tion and accumulation beyond the confines’of the laboratory
may be required.. . Detection methods sufficiently sensitive to

give large-scale deflections when subjected to natural radio-

active confamination in air, water, or soil, are required, be-
case the' maximum permissible additional contamination is

of this saime order of magnitude. -~
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5. Management of Radiation Accidents
Ty e Radptiaar L

" A ‘person presumed. significintly overexposed fo external
radiation should be removed promptly from the hazardous
area. Such a person should not be allowed to return to work
involving radiation unless it is evident that radiation damage
will not result. . If investigation indicates that the over-
exposure may be serious, the exposed. person should be fe-
ferred to a physician qualified to ascertain the extent of

the radiation injury, if any. -

Persons swallowing radiosctive solutions should be treated
as for poisoning. The material should be removed by an
emetic or by stomach pump; and the residue rendered in-
soluble to reduce absorption.: Addition of carrier element
may be indicated. ~ Blood: samples and subsequent urine
samples should-be-analyzed to compute the body: content of
contaminant. Where this approzimates the maximum per-
missible load, radical corrective procedures are: indicated.
Similar protocol applies:to other forms of potential intake

©ni(e) Surface Contamination o i
Persons splashed with active solutions should wash the
affected parts immediately, and if still contaminated, apply
recognized: decontaminating agents. - Where the chemistry
of the aetive solution:is not immediately khown, an‘applica-
tion:of titanium:dioxide: paste, or 4 saturated solution:of
potassium ‘permanganate’ followed by a. 5-percent sodium
bisulfite solution ringe, is frequently effective. - Care should
be .‘Eake'n‘ to’ensare that no' activity: is left under the finger-
- 'When the hiand is known to be contaminated with a small
spotof: high' specific- activity, it is Better not to: wash the
hand;as this unnecessarily spreads the ¢ontamination. Such
spots”are réemoved by masking off the surrounding areas,
and: by cleaning the affected part: with' cotton: applicators
dipped in: suitable ‘decontaminaiits. © Care should be taken
not to serateh orérode throtigh the epidermal skin layer when

serubbing the body to remove surface contamination,
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TR (dy Mi'n_q‘r Injuries  ooooif _
Persons 'cut"_blyr: glassware; injured by hypodermic needles,

ete., should wash the injured part under a strong streanm of

water tmmediately following the injury. A venous-return

tourniquet may be applied if the material is unusually toxic.

If it s ascertained that the injury was caused by an item bedr-

ing a hazardous amount of material, a biopsy section of the

wound should be analyzed. Excision of the part to reduce

further body absorption may be__ig‘g‘gicat_ed'_in_ extreme cases. -

. _ . ) ETRT :(e) 'Inhaiél:ti'en:'-"-' : :.::._‘;_;:. e i
Persons inhaling radiotoxic fume, spray, or dust, should

he 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 aceord-

ance with-the regulations of the Interstate Cormmerce Com--
missiofl; and with any further specific restrictions of author-
ized distributors of radiosctive material (see appendiz 3).:
The formal regulations cover interstats rail, trick, and water

transportation. . Transportation” by air operates under an
Interim arrangément (seé appendiz 8)i. oo
2 Movements in the Laboratory

- Each labo

any- excess: reburned . promptly after the operation.’ Move-

ments of millicurie or: greater amounts should be governed -

by written transfers. Hach 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 liguid shipments should be-
protected- against spills. Within:the Iaboratory; the active:
material shall be kept in & specified safe work place:. - Trans--
fers from one place-to another should be reduced to 4 mini

i and, when necessary, should: be' made: with shielding
adequate to- protect:all: personnel:in the: laboratory. Fhe
general rules for such shielding may be deduced from the
regulations preseribed for the shipment of isotopes outside
the laboratory (see appendices 2 and 8).

22

ratory or institution should have &/ c¢entral 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 -

ppendix 1. Beta«Ray.Shieid_i_ng_;-: .
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. THICKNESS  (T) OF  ABSORBER — MM

" ENERGY: (E}~ MEV - Eel

RreuRe LT hickness, T ma, of typical materials réquiired to” stop

- completely beta-rays of mazimum energy, B MBEV, . .

' L Required Shield Thickness
- The table given: below may be used to détermine the re-

qﬁlired thicknesses for shielding from gamma-ray sources in

l'abomtOfy;i S BT :

- Select column for energy required (use néxt higher if exact
cvalue is not given) . Entry gives thickness in'centimeters of

lead for different source strengths at 1I'm for 8 hr/day to'give
50 mr.. Add algebraically the correction terms for other




working Fanges or t:tmes, -and multiply by factor for shield
matemzﬁ

Ezamples An iron shield is reqmred for the mampulatmn
of 500 me of radmactlve material emitting 1.8-Mev. gamma
rays-at & mimmum WOrkmg'_disi‘.amce of 50 cm, and for 4
hr/day. '

Shield thmknessm (8 609 77 1. 39) X 14814, 3 om of Fe, '

in which a) : (b} ey (d
La= basmentry - ' N
" b=correction for dancrer ran e oO em. RV D
e=correction for 4 hr /day P
d - conversion from Pb to I‘ e.___: P

L ENERGY (Mev)

Activity |— e e i
' 02 D05 |08 [Fne: [ns a0 TS |80 | 44

100 e[ " 06 | 482 1099 [ 277 |44, 34 }5733 +6.05 | +6:41 :ll:g'??
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ﬁ(}Ome 17 L 64 (86T | 4478 1 4718 [ 860 | 047 ) 48,91 (S-10. 81
P 23 (41,69 {4425 | 5,66 | 4-8:31 |--10.99 15-10.95 {11041 |11, 71
28 12035 [-+4.98 16152 9. 61 1187 [h12, 42 |-12.02 [-R13. 22
.30 |+3.81 |-+4.82 7,66 (11,09 13,21 (41437 -R14.91 (<1521
Sepedl 103,17 46,50 | 8. 82 {12, 28 {14, 59, (41585 {416, 42 [+}16.72
4 47 |4-3.52 |4+7.18 | 49.39 {-+13.48 415,98 (1782 |17, 95 [-+18. 23
84 13- 99 8 08 [4H10. 54 [~118, 00 |17 81 [«l19. 27 |16.92 [+4-20. 2
4 60 4 . 76 (11, 40 {-+16. 25 {-+19. 20 [4-20.75 |--21.43 |21, 72

range

2516 | 4402 | 4555 Fe 4 | ve8s | .00 | 6. 00
-f—} 36 | LT | 280 2T +Zgg 43,01 | £3.01

Rt e ) TR T et Bt i
-—1.36 TS 2030 277 | —2,85 | 8,01 | =8, 01
6 [go2 [ Tea 6 4s | a8 | =700 |7 00
—4.52 | '—5.76 | —7.04 | —5.21 | ~0:50 | 10,0 |~10.0¢
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o L7t =186 R e F e T2 65 | o) | ol
g | Zias | Zies [mier [ Sia0 [ ST | 17 [ X6l | 161

0 0 o 001 00| oo |- a0
4100 [iH 50 08 | L7 -+1 89 | -F220 [ F2i34 4930 Eeidg

Absrber | Timios | Ttmes| Times| Ties | Tirnes | Tites | Times | Titites | Times.

o 1o tool oo a0} Lo

8|5 : kS v 868 60 6.8
109 .2_0.36 AL LIS R e ee

T Or conerete. " - -

NOTES.

(1) Souree actxvxty-.ls giicted in mmicunes or eiiries, Where 1 cui‘ie is that
amount of radionctive material.that digintegrates at the rate of 8.7 X107 dig-
integrations/second: . However; the table is. computed. on the further assump-
tion that ench disintegratxon }1e1<]s ‘one gnmma photen of the selected enervy
This will lead fo inaccuracies whenever the disintegration is complex.: More
accurate catculations can be made hy obvmus metho s when the dzsmtegl ation
scheme ig known.

(2} The tabulatmn ignmes the mcreased effe(.tzve transmzsswn of shlelds
an&er wide beam irradiation.:

{3}, Thig form: of: shielding’ table (prepared by ¢ ¢ Gamertstelder): is: in-
tended to. form, a: guide o rapid@ erection of temporary: shielding structures in
the laboratory,  Where permanent installations of maximuar economy a.re
planued more detmled culeulutmns by conventmnal methods are 1equxred

.i:Appendlx 3. Shlppmg Rules

I Interstate Commerce Commlssmn Regulatwns..f :

The Intersmte Commerce Commlssmn requested the B11~
rean’of Txplosives,” Association of Amberican Railroads, to
formulate. regulations: for adoption.. The Bureau.of x-
plosives was assisted: by the Subcommittee-on Shipment. of
Radioactive Substances” of the Committee ~on. Niclear
Sciences of ' the Natiohal Research Council. " The regula-
tions became: effective’ January 25, 1948, The following is
an excerpt of those rules that wﬂl appiy to expected shap—
ments of radwzsotopes. e

_MA.I&I"\’IU"VI LIMITS OI‘ SHIPMENTS

Not more than 2 eunes of radmm, polomum, or other members of
the tadinm tainily, and not more than 10 dlsmtegratwns per sedond
‘'of all other radicactive materialy may he paclkaged: in one outside con-
taier for shipment by rail express except by spéclal “zrrangements
and under condxtmns approved by the Bmeau of Exploswes RELITE B

EXEMPTIONS. .F'ROM PAGKING LABELING AND "MARKING
i RDQUIRFMD\'ETS

Radma tive matermls are exempted from prescmbed pack—
ing. requlrements prowded they fuiﬁll all of the followmg
conditlons PR

1. The package must be snch that there ean. be no Ieakage of radm—
active materials under conditions normally incident to transportation.
2. 'The package must riot confain moré. than 0.1 millicurie of mein-
bers of the radium: family or the equivalent amount. of plutonium,. and
not: more: than: b 3 10% gisintegrations. per, second: of : strontivum 89,
gtrontium 90, or barium 140, or 50><10" d1smtegratwns per second of
any other substance T ; .
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) 3. "L‘he package must be such that ho significant alpha or beta radia-
taon is emitted from the exterior of the package, and the gamma radia-

© tion _s.f: any surface of the package must be-less than the equivalent of
10'illiroentgens of radivm gamma radiation fltered through one-kalf

ineh'of lead for 2¢ hours;h.

v PACKAGING. AND SHIBLDING i 00 o
» o Sprcrar Hazarss—Radiodetive ‘maferials which  present  spécial
. hazards'due to their tendency to remain fixed in the l?uman bocﬁ? for
long periods of timié (i. e, radiim, plutoniam,. strontinm). must, in
ad(htx_on'-. to the packing described below, be packed in inside metal
confainers, specification 2R, or other containers approved by the Bu-
veau of Exgplos_ives.. CQuantities: and meterialy: considered under this
beading wiil be deferininéd by the Bureau of Wkplosives.
Packacizg AND SHIELDING.— (1} All radioactive materials must be
86 packed and shielded that the dégree of fogeing of thdeveloped photo-
graphic fiim under conditions. normally incident to trangpertation
(2_4 houts af 15 feet from the. package). will not exceed that prodaced
bg i‘ilg Aoilliroentgens of radinm gamma rays filtered by one-half inch
OF lead, ot T T e s T e
7(2) The design' and prepatation of the packase must be sueh that
there will be 1o significant radiodctive surface contamination on 4ny
Paf_g;frglle ContRINeT oy el e v D e B B
2, {3, The smallest. dimension of any: outside shipping éontainer £
radiodetive materials must nof be less::v than 4 in'chegf)'-j g c : a n ! for
. (4)"All‘cutside shipping containers must be of uch desisn that the
gamma radiation will not éxceed 200 mr/he or equivalent 4t any point
of readily ; accessilie - surfaee. * Contdiners . must: he‘equipped:: with
handles and protective devices when necéssary in order to ‘satigfy this
TeQUITQMENE, . 007 i B e L T R
(5) The outside of {he shipping éontainer for ‘any radioactive ma-
terial, unless specifically éxempt from packaging vequirements, must
be & woodeh hox, Specification 154 or 15B; or a. fiberboard hox, Speci-
fic_atmr_!_ 128" (Bureay of Explosives),; except that equally efficient con-
tairers may be used when approved by the Bureaw of Explogives, -
 (8) Radioactive materials which emit gamma’ 1474 tanst be' packed
¢ in switable’inside containers ecompletely surrounded  by: d-shield of
Iead' or other suitable material of such thickness that at any: time
dqrxng - transpoz_'tatiqn--_ the: gamma radiation dat-one meter: from: any
point on the radioactive somrce will: not exceed 10 milliroentgens
per hour for hard gamma vays, or that amount of radiation which
wili have the same effect on film as 10 mr/hr of radivm gamma rays
ﬁttergd_th?eugh'one-half inch'of lead. " The shield must be o designed
that it will tot opeii’or ' break: under. conditions’ normally incidetit
to transportation, and must be sufficient to prevent the eycape: fo the
exterior of the outside shipping eontainer of any corpuseular: elee-
trically charged radiation, - oo i Teinih e B T
(7) Radioactive materials which emit only corpuscular eléetrically
. charged particles must be packaged in suitable inside cofitiiners com.
pletely shielded so that at any titie during fransportation the radia.

tion ‘measuied from any point on t_he_ shipping container will not ex:

ceed the following lritgsini il : G

- (o) Ten my/hr for hard gamma rays, or that amieunt of ridiation
which wiil have the same effect on film as 10 my/hr of radium gaming
rays fittered through oze-half inch of lsad, - . o -
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. . {b) Blectrically ¢harged corpuscular radiation which has the same.
physiological effect as 10 mr/hy of gRrame YayS. L nh T
< When: more than: one: type of the:above radiations.is present; the
radiation of each type: must be reduced by shielding so: that the total
emission: does .not. exceed:: that: of paragraphs: {(¢):and. (b). The
shielding must be designed so ag to maintain: ity efliciency under. con:.
ditions normally ineldent to transportation, oo wooivii i :

{8) Liguid:radioactive materials raust;. in- addition,: be packed in-.
tight: glass, earthenware, or other suitable: inside. containers.: . The
ingide container must be surrounded on all sides and within the shield "
by an:absorbent materiat sufficient: to: absorb: the: entive: liquid: con-:
tents; and:of such nature that its efficiency. will not: be: impaired by
chemical reaction: with: the contents... If .the: container: is packaged.:.
in 4 mwetal container; Specification: 2R, or other: container: approved
by the Bureat of Explosives, the absorbent/cushioning is not required,
=:(@): Radicaetive materials emitting - eleefrically charged: particles
only must be packed in suitable inside containers completely wrapped:
and/or shielded. with: sueh material: ag 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 10t of :radium gamma rays: fltered: through one-
half inchof Tead in 24 ROt oo e s s i T
L(10) - Bropty shippibg - containets s ANl contalners:-dnd  accessories
which have: been used in shipments of Tadicactiveé materials; when.
shipped ag empty containers, must be suficiently free from: radicactive
contamination, that there is no significant alpha or-betg radiation® at .
the surface; and.the gamma radiation at any surface shall be less than -
10 mr £or 24 ROUPE, 7 T T I e T T

_ " LABELING AND MARKING OF PACKAGES . . L
" Eaeh outside container of radicactive material; whick emits gamma,’
TRYS or gimma: tays plas electrically charged corpuscular rays, unless
specifically exempt, muit be Izbeled with a label, red Ietters on white
background, with design and wording 48 prescribed by the Bureay of
Bgplosivés.: Eaeh outside coritainer of radiodetive. material; “which
emits corplisculay: electrieally charged particles only must; unless spe--
cifically exempt; be labeled’ with' a ldbel; blue letters on white back:-

ground, as preseribed. .-

2: Post: Office: Department Regulations 7

The Post Office Depdrtment hag recently issued new fegulationg con- -
trolling the" shipment of ‘radivactive materials by mail. In'genéral;, .
these regulations havée been: revised to conform with'the regulations
isstied by the Interstaté Coinmerce Commission. ~The following Is an -
excerpt of these rules which'may be' of interest tosmall” users of
padiol§otopes. f 0 e e e e

“6. Radioactive materials (liguid, golid ‘ot gdseous ; manufactured
articled such: ay ingtrafient or clock ' dials of ‘which radicactive mate:

. ¢ By sionifieant” radiation B meant about 500 alphs dlstntesrations per
© 100'cm® per minute; or dbout 0.1 mrep/hr of betdaradiation, :i i oo _
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rmls are s comp{ment part Iummmzs eompounds “and ores réesidues,
etc.) whieh fuifill all following conditions shail be accepted for mailing
provided: they ave properly packed in # stroug.iight outside: eontamer
and: mavked “Radicactive Material—~CGarmma Radistion: at Surface of
Parcel Less:than 10 Millivoentgens fO}. 24 hours—-No mgmﬁcant Alpha,
Beta or Neufron Radiation.™:

(a) The package must be’ sueh th‘tt there ean be no- 1eakfage of
radioactive: material : ander: comhtmns normally 1nf.1c1ent to trans—
portatxon in-the mails in sacksii. .

(b)Y The package must contam noi: more than 0.1 mllhcurles of
radmm or poloniuny, or: that amount of strontivm 89, strontium 90, or
barium 140 which-disintegrates #t o rate of more than b million atoms
per second; or.that amount of any other radicactive substance which
dxsmtegrates at 4 rate of more:than: 50. million. atoms per-gecond:

(¢).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 af any: smface of the: pacicao'e must be less than 10
m1111roentgens for- 24 hours:.

{dy: The design and- preparatwn of the package of xadwactive mate»
mal mugk be such that: there will be no significant radicdective surface
contamination-of any part of:the container:. - Liguids must be: packed
in. tight: glass;. earthenware or: other, suitable ingide. ‘containers surs
rounded by an’ absorbent material sufficient to'absorb: the entire liguid
contents: and of: gich nature that its, eiﬁcmncy Wlll not be 1mpa1red by
chemlcal reactwn thh the contents i S e .

3 Interlm Regulatlons for Shlpment by A1r

SHIPMENT OF RADIOAGTIVE MA_’J.ERIALS BY AIR

An inferim: armngement under which. air express shlp-
ments of radioactive substances are currently carried by cer-
tain air lines, is given in Rule 13=A of Supplement No. 5'to
the Raﬂway Express Agericy, Air Express Division, Tariff
No. 8.: This document Is also known as. Supplement No.
to CAB No, 22. Tt reads in- part:

. The followmw radmactwe matenals mll be aecepted sub:lect_- g
to. shipper compliance: with ' the following: requirements, except )
that such:shipments will-not: be: accepted: for tiansportation in
- aireraft operated by All American-Aviation, Tue., Inland Air Lines,
. Ine,;: National: Airlines;” Ine,, . Northweést. Au}mes, Iné.,. Trans-
. continental’ and Westers. Au‘- Ine,: and/o:. Western: Alr Lmes,:,:
. Tne. . (Bee Rule No. 12-B.) -
-_ CHARAcTrstmcs Emit Gamma and other 1ays Wltil max;mum'
1at1ncr fon.I-gram equivalent of radivm.. -
. Pnomcmvn Packacivg Réqumen Encasement in }ead ofF thlek«_ :
o ness prescribed by, “Comrittee on. Standards, of Radicactivity-—
11, National. Research. Council”, for:, full: protéction of. undevéloped
| filmg at 80 feet (developed films unaffected) and full p:otecmon
of all air line personnel and passengers. .. ..
C SpgoiAl MARKING o Packics RLQUIM‘:: “Do not place in same i
: r'omi)artment With undeveloped ﬁims or ma1I **

)
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