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W M A - A N  DISTRICT 

OAK RIDGE. TENNESSEE 

1 September 194.4 

Subject: Radiation Hazards. 

IblEN@RILNDUB? to:  Colonel K. D. Nichols. 

1. Reference is made t o  a memorandum on radioactive hazzrds e t  
Kmford, from Roger W i l l i a m s ,  dated 26 June 1944. 

2. "Product'! may be considered t o  be a potent ie l  hazard, but it i s  
doubtful whether the term "superpoisonous" accurately r e f l e c t s  the noxious 
charzcter of the product. 
of the product should not be considered as 2 l e t h z l  dose. 
f igures  rhich a r e  available from d c u l a t i o o s  by Allison, Fr iedel l ,  and 
Hanilton indicete  tht t h i s  i s  the tolerance dose. Parker has calculated 
the dose t o  be 0.6 microgram on the basis thk t  0.01 r per 8 hours is  con- 
sidered t o  be tolerance. 
unit, i n  order t o  make it comparEble with the other calculations,  Parker's 
tolerance estimate becomes 6 micrograms. 

It should be pointed out t ha t  f i v e  micrograms 
Rather, the 

If we modify t h i s  t o  0.1 r, the standard tolerence 

3 .  lTProductfsn radioactive energy i s  elmost en t i re ly  r e s t r i c t ed  t o  
I n  addition, the product emanates no radioactive gas as alpha radiation. 

in the case of radium, and gives off no gamma rays t o  be a hazard as an 
ex te rm1  source of radiation. By comparing the  r a t e s  of dis integrat ion 
a d  the  avzilable energy of product and radium, it c a  be denonstrzted 
that f o r  equal masses, radium i s  p o t e n t i d l y  f i f t y  times more dzingerous 
than the product. Thus, it i s  rezsomble t o  e,xpect t ha t  tile product is 
1/50 as effect ive biologiczlly as radium i n  d i rec t  contact wi th  vitd 
t i s sues  inside the b o a .  
from the gastro-intestinal t r a c t  (less thnn 1%). Absorption from the 
lungs, however, i s  known to be higher and may reach 25%. 
we do not know exactly the amounts of product which w i l l  be lethe.1, but 
by these calcclat ions alone, it i s  cer ta inly i n  the  range of several  
thousands of microgram stored i n  the body of the individual ( l e t h a l  dose 
f o r  radium 10 - 1W micrograms). 

Furthermore, product i s  very poorly absorbed 

It is tnx that 

4. I n  considering the tolerances which have been previously est&- 
l i shed  f o r  other radioactive substances, cer ta in  date which have been ac- 
cumulated recently seem pertinent f o r  orientation. 
June, a survey was made of the personnel and t h e  operzting confit ions of z 
radium refinery.  

On the U t h  and 15th of 

Excerpts of t h i s  report follovr: 
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Subject: Radiation Hazards. 

Rmsting Room 

W e y  of Gamme Ray Int,ensitiee 
r per 

1. 
2. 
3. 
4. 
5. A t  screening tzb le  

A t  bench, 20 f t .  from ore 
Near g i r l  shovelin& w e t  ore 
Pessage a t  end of roaster,  2-1/2 f t .  from ore 
3-1/2 f t .  from above ore 

1. 

2. 
3.  

4. 
5. 
6 .  

7. 
8. 

9. 
10. 

ll. 
12. 

13 

U -  

1 5  rn 

16. 

Radium P l a n t  

Tines 
8 hrs.  Tolerance 

0.03 
0.09 
0.4 
0.32 
0.12 

Chloride section, chlorick thickener 3-1/2 f t .  

Chloride section, in midst of 7 cooking t a n k c  
Ceustic leaching section, passageway among 

Passageway between drums of carbonate leach 
2 f t .  from surface of cnbonate  leach 
Radium, barium sulfate concentration. 

1 f t .  above concentretion t-& 
Radium, barium carbonate platform, opemtor 's  

posit ion 2-1/2 f t .  from tank 
1-1/2 f t .  from above t& 
2nd f loor ,  f i l t r a t i o n  carbonate leaching, center 

of passageway 10 f t .  wide, drums and wooden 
boxes on one s ide  

Between woocien boxes and drums i n  above locat ion 
Bree of 2nd sodium carbonation, passageway, middle 

of f loor ,  drums and vats 2 f t .  distent on each 
s ide 

Radium, h r i u m  sv l f z t e  precipi ta tors ,  passageway 
3 f t .  from l iqu id  

Ground floor, radium, barium sulfete col lector ,  
passageway 4 f t  . from col lect ing ta.nks 

2-1/2 f t .  from above tank, shoulaer-height in 
pas sageway 

Waste l iquor  tmks from radium plant,  ground f l o o r  

above l eve l  of l iquid 

drums of caust ic  precipi ta te  

Center of 
a i s l e  near two f i l t e r  tanks, 3 f t .  from material 

Fkdium Leborat oxy 

0.01 
0.05 

0-4 
0.28 
0 e34 

0.13 
0.6 

0.23 
0.45 

0.1 
0 . E  

0.32 

0 -23 

0.32 

0 -4 
0.17 

1. 

2. 

3 .  1 f t .  from HBr vat 0.64 

Waste level ,  4 f t .  from vats, d i s s o l v i x  radium 

Center of passage, 6 o r  8 f t .  from v z t  and 4 f t .  
bwium carbonate in hydrobromic ac id  

from 1st evaporator (head l iquor)  

0.64 

0 .e 
4. On frect ionat ing table ,  2 ft. from l iqu id  0.66 
5. Between 2 s e t s  of evaporators 0.16 
6. 1-1/2 f t .  from #3 second s e t  evaporator 0.12 
7. 1-1/2 f t .  from 86 second 0 .u 
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4 
3.2 

4 

3 *4 

6 

4.5 

3.2 

4 

6.4 

8 
6 *4 
6.6 



Subject: Radiation Hazards. 

Radium Laborat o q  ( Contd. ) 
r per T ime s 
8 hrs. Tolerance 

8. 

9. 

10. 

Cooling room, center of passqeway 6 f t .  fron 
f lasks of meterial 0.23 

Cooling room, 1-1/2 f t  . from 7 flasks heated and 
presurnebly de-emmeted 6 hrs .  ago 1.28 

Cooling room, passageway on far end 6 f t .  from 
3 grams of redium i n  7 small beakers which 
have just been heated 0.26 

ll. Locker i n  charging room of radium laboratory 0.12 

F i n a l  Fractionatinp: & Intubation Laboratory 

1. Table with incubators and funnels f o r  f i l t r z t i o n  0.32 
2. Above lead shield and 3 t o  3-1/2 f t ,  from radium 

ready f o r  tubing 2 *o 
3. Behind lead shield at usual working distance 1.6 

lead door closed 3 .2 
5. Laboratory office 0.2 

door shut 2.0 

a f te r  removing b o r n  radium from hood 

4. 4 f t .  in f ron t  of radium-conteinbg safe  door, 

6 .  A t  door of s a f e ,  source i n  hood, removed, safe 

7. In  f ron t  of hood at us@ marking distance, 
1.2 

Location 

Survey of Radon Concentration i n  Pkmt Air 

K i  c r  omi cro curie s 
per l i t e r  air 

1. 

2. 

3. 

4. 
5 .  

Ore grinding room, 8 f t .  from hopper leading 

Roasting room, at corner of roasting furnace 

Generzl ore storage room, a large amomt of 

2nd floor, near f i l t e r i n g  of cubonat i rg  leach 
3rd f loor ,  niciway between two f i l t e r  tanks f o r  

i n t o  crusher, and over ore berrels  

near conveyor 

ore present 

radium, barium sulfate concentration and 
radium, barium czrbonzte platform 

3rd f l o o r ,  f i l t e r  p l a t f o m  3 f t .  from f i l l ing 
side,  acid lezch insoluble f i l t e r  

4th floor, leaching room, beside one platform 
where ore and ac id  a r e  mixed with sodim n i t r z t e  

4th f l o o r  leaching room, beside 2nd mixing plst -  
form, more ore stored at t h i s  end of room 

6. 

7. 

8. 

9. Ground f loor ,  center ol" min work area 
10. Radiumlaboratory, s i t e  of dissolving rzdim, 

b e r i u m  carbonate i n  hydrobromic acid 
11. Resting, locker and lunch rooin of rzdium 

hbora to rg  
12. Center of s d l  f r a c t i o  

laboratory 
7 n n n c l f i  I 

12.8 

20 
16 

32 

20 

I 2  

184 

76 
336 3.3 

4-44 4.4 

43.3 

8 67 8.67 

918 9.1 
100 

1W6 10.7 

157 

1666 16.6 
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Subject: Radiztion Hazards. 

Breath Sample Reports 

Radon - Name micromicrocuries/liter 

M. L. P. 
L. s. 
c. E. Pi. 
1. c. 
L. P. 

13 .O 
21 .o 
32.0 
29.0 
4.2 

SEP I 

Microgram radium Times 
indicated i n  body: Tolerence 

1.3 13 
2.1 21 
3.2 32 
2.9 29 
0.42 4 

5. A review of these f igures  indicates  that the daily tolerance (estab- 
l ished a t  0.1 r per 8 hr .  day f o r  gemme. redintion, 100 micronicrograns of 
radon per l i t e r  of a i r ,  and 0.1 micrograms of redim in the  body) has been ex- 
ceeded many times. 
i n  the  radium refinery have indicated t h a t  only one individual has suffered a 
minor biological disturbance, and t h i s  a f t e r  30 years of exposure. 
report  should be considered preliminary, however, since long periods of t h e  
have not elapsed in order t o  demonstrate minor changes sa t i s f ac to r i ly .  
doubtful t h a t  any such excessive eqosure  will occur at Hanford under the  
present design and arrangements. 

Concomitant physical examiiletions of personnel employed 

This 

It i s  

6 .  There a re  many occupations which involve greater  hazard than working 
with "product", such as the preparation of rabies  vwcine,  plague cul tures  
and vaccine, etc., where just a few virus bodies or  bacteria could cause 
death. 
factur ing procedures a re  fraught with constant dangers wnich a r e  more cer ta in  
t o  cause death i n  a cer t s in  percentage of workers than t ? e  procedures involving 
the manufacture of  our product. 

The manufacture of explosives, te t ra-ethyl  lead and many other ~~EXLU- 

7. It i s  l i k e l y  t h a t  the present investigations f o r  extracting and 
concentp-ting the prociuct w i l l  r e s u l t  i n  a procedure f o r  processing the  mate- 
rial i n  2 closed system whicl? m i l l  pract ical ly  eliminate most of these 
d q e r s  t o  personnel. A properly designed extract ion and h z n f i n g  proceume, 
the tec'nnical t rz in ing  of tIne personnel, proper masks, constant instrument- 
monitoring and supervision by the  contractor 's  health group, and re,- 
inspection by the  D i s t r i c t ' s  Medical Section a r e  a l l  intended t o  eliminate 
the hazard. Periodic health examinations a re  aesigned t o  screen out those 
who have had excessive exposure before they a re  dmw-ged. 

8 .  D r .  Stone of t h e  Metallurgical health group has been made aware 
of the data included above and other similar information. From review of 
the various datz rh ich  m e  cons t an tb  being made avEilable t o  the Medical 
Section of the  Manhattan D i s t r i c t ,  it i s  evident that the tolerence 
standards of various rzdioactive materials should be re-examined. It is 
not unlikely that the tolerance vzlues could be modified upward i n  cer ta in  
respects. 
re-survey the s i tua t ion  i n  l i g h t  of the urgency of t h e  problems s e t  fo r th  
inMr .  Williams! menorandun. 

A s e r i e s  of discussions will take place s n o r t v  i n  order t o  
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