
ARM2.950123.010 

TO BE CC.l\'SIDEIIED 

I n  preparation 

of 

SAFEIy 

f o r  

Radioisotope U n i t  

T h i s  is  probably one of the  most valuable and most important 
guide8 avai lable  ( Isotope Branch Circular B-2) . 

It i s  more applicable t o  Veterans Administration Radioisotope 
Units because it covers t h e  "microcurie" and the  "mill icurie" l eve l s  
so nuch bet ter  than does Isotope Branch Circular B-1. 

Attent ion i s  invited par t icu lar ly  t o  implicatldns o f t h e  following 
items i n  regard t o  loca l  plan 

footnote bottom page 2 (r.e.p.1 
note bottom page 3 (Lorgan) 
footnotes page 4 (Appendix I) 
appendix I1 
appeiidix by Isotopes Branch 

Washington National Record Center 
OfTke of the Army Surgeon General 
Record Group 112 
Accession #: s2 A 
Box#: z b  I 5 I 



UNITED STATES 
ATOMIC E3lXEiGY COMMISSION 

Isotope8 Branch, Research Division 

Oak Ridge, Tennessee 
January 20, 1947 

Isotopes Branch C i r c a =  No. &2 

Hi3AErH-PiiOTEION IN mDm R4DIOISOToPE9* 

bY 

A. 31. Solomon, Biophysical Iaboratory 
Harvard lviedlcal School 

December 31, 1946 

Yfith no accumulated experience on the amount8 of rad ioac t iv i ty  which 
are l i k e l y  t o  be in use, it w i l l  be necessary at  first t o  take more s t r ingent  
measures than  may be required later. 

I n  each laboratory one responsible member should be delegated t o  
supervise all local protection measure8. 

( 1) Defini t ion of Hazardous ht e r i a l s  

(a} 
10 micrograms of radium, or greater, regardless 02 half life. 

h y  mater ia l  emitting gamma rays i n  amounts equivalent t o  that f r o m  

( b )  Any material emitting beta  rad ia t ion  of energy grea te r  than 150,OOC 
e lec t ron  vo l t s ,  in amounts l a rge r  tlian 1 mil l icur ie  (1 curie = 3.7 x 1010 
dis in tegra t ions  per second), regardless  of half l ife.  (Radiation as sal% 
as t h i s  will not penetrate the  skin, and hence precautions are only 
required t o  avoid inhalation of gaseous compounds or  dusts.) 

( c )  
o r  longer) half lives should be carefu l ly  observed vdth regard t o  the 
disposal of waste and t h e  cumulative absorption i n  human bodies. 

Amounts srtaller than those given above of elements wi th  low (1 month 

( d )  
not b e  used normally i n  connection with radioisotope research here, 
they a r e  used, spec ia l  precahtions aLould be taken. 

Alpha radioact ive elements are not considered here since they will 
If 

(e )  
without taking the full precautions given below. 

*See liote by lsotopes Branch a s  footnote on page 3 

KO material  i n  artounts grea te r  than  10 microcuries should be used 
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(2) Immediate huard t o  Health 

(a) X-ray f i b  

(3) 

All workers eqpged  in radioact ive researah should be requi red  
t o  wear a t  a l l  times on the outs ide of t h e i r  laboratory coats,  badgee 
containing mall pieces of x-ray film. 
at weekly i n t e r v a l s  and brought t o  the Biophysical Laboratory f o r  
routine development and recording. 
unexposed film will be issued. 
also be made t o  v-irious s t r a t eg ic  places i n  the laboratory where exposure 
may be expected, 
foa development and recording, 

These badges should be col lected 

A t  t lmt  t im,  a new badge containing 
Distr ibut ion of x-ray film badces should 

they siioul6 a l so  be co l lec ted  routinely,  say monthly, 

( b )  Ionizat ion Chambers 

Those people engaged in immediate research with appreciable 
quan t i t i e s  (say amounts of 1 mi l l i cu r i e  o r  more of radior.ctivity1 should 
car ry  a fountain-pen size i o n i z a t i m  chamber clipped i n  t h e i r  pockets 
while engaged. in ti& research. 
ion iza t ion  chambers now avai lable  f o r  eale. 

Appendix I g ives  d e t a i l s  of the 

The laboratory supervisor h o u l d  arrange fox d a i l y  records t o  be 
kept i n  a book of the  ionizat ion thus meaeured. 
should be forwarded a t  monthly in t e rva l s  t o ' t h e  Biophysical hbora tory .  
The level of t o l e rab le  rad ia t ion  is  0.1 r per eight-hour day.* 

A copy of t h i s  record 

Long-range Protect ion of Kuman Health 

Blood counts s:iould be taken of all people who are l i k e l y  to be 
engaged i n  rad ioac t ive  research. The first c m n t  ahould begin before 
the s ta r t  of such research, and thereafter, counis should be taken a t  
monthly i n t e r v a l s  for analysis  e i the r  by Dr. Shields  uiazren or a l o c a l  
patho1of;ist. 
should be forwarded t o  the  Biophysical laboratory f o r  deposit, 

If t he  hlood counts are taken locally, mpies of the results 

Tf there is reason t o  e x y e t  that anyone has received an unusually 
heavy exgosure, 8 spec ia l  blood count should be taken. 

(4 )  h c a l  Contamination in Laboratories 

lieekly checks should be made In l abora tor ies  bbere amounts of 
r ad ia t ion  In  excess of 1 mi l l i cu r i e  are handled, and t h e  r e s u l t s  s.-ould 
be entered In the  health protect ion c a t e r  records and also forwarded 
t o  the Biophys-cal Laboratory. 
are given i n  Appendix I. 1.0 deposit greater than  0.0002 r per eight- 
hour dr?y In any one place is tolerable .  

Details of the instruments recommended 

*In the Lgnhattan Project  the r f o r  r ad ia t ion  o ther  than x or gama i s  
r q l a c e d  b;: t he  rep (roentgen equivalent physical) defined as  "the amount 
of r a d i a t i o n  whihh may be absorbed in t i s s u e  a t  the rate of 83 ergs per 
gram, 

-. .. .... . . . - .  . . . . ...- 
.. . 
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( 5 )  Storage of %ter i ak  * 

Radioactive materials i n  anounta grea te r  than 0.1 n l i l l i cu r i e s  

Care must be taken tha t  the  
siiould be stored a t  all times i n  a safe with a minimum of two inches 
of leadoprotect ion i n  a l l  direct ions.  
safe is. constructed t o  be l ight-t ight,  and, hence, rad ia t ion  t igh t  . 

The safe should be monitored t o  be sure t h a t  the rad ia t ion  a t  
normal working distance remains below the  to le rab le  level of 0.01 r 
per e ight  hour day. 
bes t  protect ion of  a l l ,  mater ia l  should be stored as  far as pO86ible 
from personnel. 

Since, i n  general, distance,  dis tance i s  the  

( 6 )  Disposal of Haste 

People engaged i n  research using rad ioac t iv i ty  which may be v o l a t i l e  
a t  any t i m e  shoUd do so only i n  a room equipped w i t h  adequate vent i la t ion  
and preferably under a hood with suction dischargiag a t  the  top of the 
bui lding.  
radioact ive hood and any other  hoods on the  system. 

It is important t ha t  there  be no back draft beween the 

Flushable waste should be disposed of down the  akin a8 long a s  
the amount of rad ioac t iv i ty  i s  l e s s  that 0.1 mi l l i cu r i e s  per f lush,  
and a t o t a l  of 5 mi l l i cu r i e s  per week. 
weekly t o  make sure that the  background rad ioac t iv i ty  re~mlne  below 
the  to l e rab le  l e v e l  of 0.01 P per eight-hour day. 

The t r a p  should be monitored 

Contaminated glass can be disposed of I n  ordinary waste as long 
as t h e  level of rad ioac t iv i ty  in the waate dlspoaed of by the o i t y  
w i l l  remain below 0.01 r per  eight-hour day per load. 

Cmpaete waste dlsposal systems should be monitored monthly by 
rout ine measurements f o r  rad ioac t iv i ty  both of above-surface waste 
lines a d  the ex i t s  of hood discharge lines. 
of rad ia t ion  i n  t h i s  case i s  O.G1 r per eight-hour day, 
should be ca r r i ed  out under the  supervision of the designated laboratory 
supervisor and the r e s u l t s  ahould be recorded loca l ly  and also 
forwarded t o  t he  Biophysical laboratory monthly. 

Amounts grea ter  than 10 mi l l i cu t i e s  of unused’radioactivity,  contaalinated 
g l aes  with l eve l s  higher than 0.1 r per eight-hour day, and ashes of 
animals which are nore ac t ive  than 0.1 r per eight-hour day ehould a l l  be 
disposed of by skinking a t  sea. 

The allowable l e v e l  
These dut ies  

( 7 )  

* * * * *  
NOTE by Isotopes Branch: These regulat ions have been set up as  a guide for 
the use of radioisotopes a t  k v a r d  University. permi88ion of Dr. Solomon 
they a r e  reproduced and f’urnlshed as an indicat ion of regulat ions that may be 
su i tab le  f o r  adoption by other  mal l - sca le  usere of radioisotopes. A preliminary 
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draft ( I o v .  27 ,  1946) wae reviewed by &. IC. Z. hbr8a1.1, Director,  Health-Physice 
Dept., Clinton Laboratories. 
revision (Dec. 31, 1946) was issued. 
are included as an appendix. 

On the basie  of &. B60Tgant8 suggestions this 
&. Morgan's commsllte on the  revision 

Instrument 8 Hec omrnended* 

(1) Ionizat ion Chambers 

( a )  Victoreen LSinometer - reading iostlument and one pocket meter 
ionizat ion chamber - $77. 
chamber - #ZZ.sO. These ionization ohambars are considered 
unsat isfactory by the Manhattan District** 

For each additional pocket ionizat ion 

( b )  Hinspater Tool Company - Ryersoo Pocket xleatrometer chambers 
(can be read i n  minometer) - approximately $10 each. 

(2) Electrometers 

( a )  

(b) 

Henson h d e l  3 Electromstere - #35 each. 

Iandsverk %ectroraeter - $40 each. (Pr ice  reduced t o  $32 i n  
l o t s  of ten) .  

%rgin& box - $40 

Charging box - $25. 

(3) Survey xe te r s  

(a) Instrument uevelopment company - (Godel 2610 portable beta- 
@;anum r ay  xnetert - $200 ( l e s e  Geiger-Uueller tube)  

( e )  Zeus (not  yet commercially avai lable  - expegted t o  s e l l  f o r  
$200, 

I I  %-ate by Isotopes Branch: 
The s i t u a t i o n  i n  regard t o  models, pr ices ,  and performance is subject t o  
rapid change due t o  increased i n t e r e s t  by many manufacturers In  rad ia t ion  
instrumants. h f e r e n c e  is nmde t o  the l ist  of instrumsnts manufacturers 
prepared by t he  b o t o p e s  %ranch (hbmorandum IB-66). 
manufacturers will keep you current  on models and prices.  
tes t ing coir iercial ly  avai lable  instruments has been undertakan by Dr. L. F. 
%rtiss, h d i o a c t i v i t y  Section, i'jetional Bureau of Standards, Wasiiington 
25, D. C. 

**Dr. Solomon r e f e r s  t o  experience of some groups which required the 
carrying of two pocket meters t o  obtain a r e l i a b l e  reading. 
models a r e  being developed. 

lhese a r e  9.. Solomon'e personal recommendations. 

Inquiry t o  these  
A program of 

Improved 
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Recommendations f o r  b l th-Pro tec t ion  Badges 

Badges as used by the Manhattan Project can be purchased from the 
Piewma~ &tal  Products mawfactusing Company, 126 South allnton Street, 
Chicago 6 ,  Illinois. & order for the film to register d m d t y  linearly 
proparticmal to exposure, It I s  necessary tha t  half the badge be covered 
w i t h  a eheet of 1 mfllimeter thick cadmium. 
special clasps t o  hold the cadmium. %be other half of the badge I 8  l e f t  
open t o  register s o f t  radiation, 
Belmont Smelting and Befining ‘dozks, 320 Belmont Avenue, Zjrooklgn, New York, 
Tbe film t o  be uaed I s  W o n t  552-2 which should be developed In a 
standard w o n t  developer; 8 new batch for ea& uatch of film. 

The badge8 are designed w l t h  

The cadmium oan be obtained from the 

In order t o  make sure tha t  the calibration is accurate, It i s  wise 
t o  examine the fllns on a densitometer l e  the Aneeo keet  deviao obtainable 
fram the Ansco Company, RiIlehamton, &J York, a t  a coat of #00. A t  
present, delivery 1s from etock. For calibration purposes It I 8  r i s e  to 
develop each batch of film with a set of oallbratlon films obtained by 
exposing a set of fUm8 at lraovvn distances from a 1 millicurie radium 8eed. 
A calibra ion table on which these calibration filme may be exposed hae 
been &awn up by 4. Julius Tabin of the kboratory of Nuclear Sclenee and 
ihgineering, &seachu8ette Inst i tute  .of Technology. 
$1000 per mil l iour ie ,  but  arrangements om usually be made with a looal 
hospital for exposure of ths  calibration fllma. 

Radium seeds sti l l  Cost 

AppEMlII BY L s O T W I S  E(RANCH 

Ekcerpts f r o m  letter dated January 16, 1947 from &. K. 2. hZorgan 
&o &. A. K. Solomon concerning the la t te r ’ s  health-protection 
regulations. 

I am qu i t e  pleased w i t h  the revised radiation rules which you have 
*set  up, and In General agree with most of the provisione, I am glad t o  note 
under your regulations 0 and 6 t ha t  you have e t  0.01r per 8-hour day as your 
general maxlmum operating tolerable level. %e level you have set  under 
regulation 4 of 0.0002 r per 8 hour8 is about twice c o d c  ray and general 
radon-thoron background and better than we have been able to  Plalntain a t  Clinton 
Laboratories. 
ingestion or absorption through the skin of certain oompounds of larw energy beta emitter4 
emittere. 

’ 

Under regulatioh l-b, I think one ehould be cautious about the  

Please l e t  me s ta te  again, as f d i d  i n  my l e t t e r  t o  you of hcember 17, 
1946, that  I t h i n k  you a re  to be comnrended for your effort8 In settlag up tho- 
radiation rules for your institution. I am sure t h a t  they have been a great help 
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in preventing or minimizing rediation damage to your pereonnel. 
were at the requeet of Dr. P. C. Aebereold from whom you requested criticisms, 
and were Intended to indicate tho directions in which this set  of rules could 
perhaps be improved from o w  point of view on the Project, 

My coments 

I am not able st the present writiw to tell you how or f r m  whom you 
. can obtain pocket metere superlor t o  thoaffurnished by the Victoreen Company. 
We have our own design Rnd Dr. J. E. Rose at the Univereity of Chicaeo has a 
deeign. of h l s  own. 
meter. 
about 100 of these on teat here at the laboratory. 
to any of the oldor Victoreen pocket meters, and it may be that them will prove 
more 8 U i t & . b h 3  for Qw work. 

A copy of ~ry paper on "$olerance Concentrztions of Radioactive Substancee" 

Both of these are superior to the old type Vlctoroon pocket 
Victoreen has very recently produced a new type pocket meter, and we have 

They seem to be much ouperior 

ie scheduled to be publiGhed in Industrial mineering ChemiRtry in the nohr 
future. Perhaps this m y  be of sone velue. 

Statement of Dr. Shields Warren to Dr. Lyon (e9 October 1947) 

The Harv?.rd group has added t o  item (2) (b) above the follariw 

"Maximum permis~ible exposure not to'exceed 0.1 rem per day or 
in instnncee of special need or emergency not over 0.5 rem at 
any one time providing the indlvidml is immediately thereafter 
removed fron a l l  poseible contact with radiation or radioactive 
materials for a period of' one week". 
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