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D e b r  D r .  Langnem: 

concerning the  Cha lk  River PernisLible Dose Conference recommendations, 
e spec ia l ly  a s  they r e l a t e  t o  plutonium. 
t a t i v e  q u a n t i t a t i v e  data wiicn we have on the  long term e f f e c t s  of in- 
t e r n a l  ElPha emi t t e r s  on humans comes from s t u d i e s  of chronic radium 
poisoning, and from a few cases of l i v e r  damage foilowing the i n j e c t i o n  
of t h o r o t r a s t -  
16 years  of observzt ions of pa t i en t s  witn radium poisoning are  being 
wr i t t en  up a t  las t ,  There are about 25 cases. 
now going  over all of the  c l i n i c a l  records of t he  p a t i e n t s  whom Dr. Aub 
h a s  Seen and on v h m  I have made measurements, and Louie expects t o  have 
the f i rs t  d r a f t  of a J o i n t  paper on these  p a t i e n t s  ready within two or 
t h r e e  weeks. A t  t he  same time D r .  Harrison Martland i s  writ ing up a l l  
of t he  cases which he has seen during th i s  period, and on wnich I have 
made rsdium measurements. He too  hopes t o  nave a manuscript ava i lab le  
soon. In  bold o u t l i n e  the  r e s u l t s  a r e  something l i k e  this :  6 cases 
containing l e s s  than 1.0 

of-5 p a t i e n t s  containing 
years  of exposure; ou t  of 5 p a t i e n t s  who contained more than 10 pg 
of radium, one wno contained 18 pg of radium i s  dead (death c e r t i f i c a t e  
said leukemia), one who carried about 24 pg of radium has just died in 
her  mid-seventies of heart disease,  another who c a r r i e d  10 pg of radium 
I s  a l i v e  and reasonably well, e tc .  Louie has a l l  my f i l e s  on these 
pa t i en t s ,  and what I nave j u s t  said i s  given from memory, and may there-  
f o r e  contain a few minor errors. We a r e  a l l  s t ruck  by the  f a c t  that  
the osteogenic sarcomas wnich Yartland saw about 20 years ago a re  
notably absent from the new series. 
w i t h  the dosages, and tha t  the  e a r l i e r  p a t i e n t s  may have contained a 
g r e a t  d e a l  more radium than the  present survivors. 

I am enclosing a r e p r i n t  of t h e  paper on nRadlum Metabolism 
in Rats, and the Production of Osteogenic Sarcoma by Experimental Radium 
Poimningw by Evans, Harris and Bunker, Am. J. m e n t o  a, 353, (1944). 
There a r e  some fragmentary statsments  on page 366 of t h i s  paper about 
hums, and r e fe rence  10 (Evans and Aub, t o  be published) r e f e r s  t o  the 
c l i n i c a l  material which Louie Hempelmann is  now working UP. 

Tnis i s  i n  response to  your l e t t e r  of December 28, 1949, 

I t  i s  t r u e  t h a t  t he  only de f in i -  

YOU W i l l  be g l a d  t o  know t h a t  the  r e s u l t s  of the  l a s t  

Louie Hernpelmann i s  

g radium are symptom f r e e  a f t e r  about 25 years; 

2.0-to-9 pg a r e  symptom f r e e  after 20 t o  E5 
2 (?) out of 5 cases-in_ t i: e 1.0 to  2.0 pg domain have symptoms; 3 out 

It i s  presumed t h a t  this i s  associated 
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It i s  our b e l i e f  t h a t  most cases of chronic rsdium poisoning 
which are seen by physicians anywnere i n  the  United S t a t e s  eventually 
come t o  t he  a t t e n t i o n  of D r .  Martland, o r  D r .  Aub, or myself, and the 
two s e r i e s  include a l l  such cases. 
s i m i l a r  q u a n t i t i e s  of radium i n  t h e i r  skeleton but have no t  developed 
c l i n i c a l  symptoms is unknown. Also, t he  t o t a l  number of people origi- 
n a l l y  exposed i n  the  luminous d i a l  industry,  by dr inking radium noswums, 
and by the  medical adminis t ra t ion  of radium, can only be roughly e s t i -  
mated. Martland to ld  me by phone yesterday t h a t  i n  one p l an t  &lone 
there  were 500 t o  600 workers during World War I, and that he would 
est imate  t h a t  s eve ra l  thousand people had been exposed in a l l  plants .  
I find t ha t  in an a r t i c l e  on radium poisoning i n  the October 1933 issue 
of t h e  American Journal  of Public Health I said, "Due t o  l abor  turnover, 
probably about 800 people worked long enough t o  endanger t n e i r  l i ves . "  
Those who died in t h e  l a t e  19201s, and who make up the  main bulk of the 
approximately 40 knom deaths, contained l a r g e  amounts of radium. The 
measured values a t  dea th  run up t o  180 pg i n  the  body. 

persons i n  ten  thousand may be expected. t o  be damaged by 0.1 and 1.0 (rg 
of radium f ixed  Fn t he  body?" My own guess would be that none would be 
damaged by 0,1 pg, and that l e s s  than 10 individuals  would be damaged 
by 1.0 pg of radium, i f  f ixed  i n  the b a y  for about 30 years,  wnich is 
t he  present  l i m i t  of our a c t u a l  experience. I have a l s o  asked.Hempelmann 
and Martland t o  give independent es t imates  on your questions.  -Hempelmann 
says he "would be surpr i sed  t o  f i n d  more than 1 o r  2" damaged o u t  of 
t en  thousand a t  0,l pg radium; and t h a t  he "would not be su rp r i sed  t o  
f i n d  25 t o  50 people with nonfa ta l ,  nonmalignant symptoms w i t h i n  25 
years" out  of t e n  tnousand a t  1.0 pg radium. 
Hempelmann presumably nad in  mind 1-0 pg radium content  terminal ly ,  t h a t  
is a s  seen i n  the s e r i e s  wiiich he i s  now going over. 
half value time of radium i n  the  nuan is about 45 years ,  this would 
mean t h a t  these l a t t e r  ind iv idua ls  m i g h t  nave contained c lose r  t o  2 pg 
radium in t h e i r  ske le tons  o r ig ina l ly .  Martlend's answecs t o  your 
quest ions are: for 0.1 pg, l e s s  than 1 case out of  t e n  thousand expo- 
sures ;  and f o r  1.0 (rg he "would be surprised t o  f i n d  any cases  if 1.0 pg 
of radium was t h e  maximum skeletal  content of t he  ind iv idua ls"  out of 
ten  thousand over a 30-year period. 

on these  animals, and the answer t o  your question is that a d u l t  rats 
exhale 85 per cent  of the radon produced by the  radium contained in their 
skeleton. 

The number of people wno car ry  

You askedfor an estimated znswer t o  the question "HOW many 

In  making this estimate,  

As the measured 

You asked about rats. The enclosed r e p r i n t  contains  the d a t a  

You asked my opinion on three methods of es t imat ing the per- 
missible dose of plutonium. 
on horn data from t h e  chronic exposure of humans t o  i n t e r n a l  alpha ray  
emi t t e r s ,  that  i s  on the radium data. It i s  c e r t a i n l y  necessary t o  in- 
clude the  energy de l ivered  by the  alpha rays from t h a t  por t ion  of the 
radon and i t s  decay products which a r e  re ta ined  i n  t h e  body. 
pointed out c o r r e c t l y  on page 2 of your l e t t e r ,  t h i s  d e f i n i t e l y  means 
that the  human absorbs t h r e e  times as much alpha ray energy as I s  

I d e f i n i t e l y  p re fe r  methods w h i c h  are based 

As you have 
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represented by t h e  radium alpha rays  alone. 
permissible radium dose a s  0.1 pg radium, t h i s  corresponds energe t ica l ly  
t o  0.3 microcuries of plutonium, or 4.5 micrograms of plutonium. It is  
t r u e  t h a t  the d e t a i l s  of d i s t r i b u t i o n  of deposited plutonium and radium 
d i f f e r .  Robert Dudley, i n  our laboratory,  has recent ly  completed quanti-  
t a t i v e  s tud ie s  of the inhomogeneity of d i s t r i b u t i o n  of radium in  the  
bones of  humans who have c a r r i e d  severa l  micrograms of radium chronical ly  
f o r  severa l  decades. The n ighes t  l o c a l  concentrations with he f i n d s  
correspond t o  t e n  times t a e  l o c a l  energy d i s s ipa t ion  per gram as  would 
be expected i f  t he  radium were absolutely uniformly d i s t r i b u t e d  througnout 
t h e  e n t i r e  bone. I ~ o u l d .  be very UUCA interesced in  comparing your da ta  
on the  d i s t r i b u t i o n  of plutonium i n  human bones v:itn the r e s u l t s  which 
Fe nave obtained on radium. Also  I would tnink it very much worth wnile 
if you could arrznge t o  send m e  a f e w  t y p i c a l  bone specimens. Tnen w e  
could have Dudley study these mater ia ls  u s i n g  exactly tne same technique 
vdlicn ne used f o r  radium, and tnus assuring s t r i c t l y  comparable resu l t s .  
I assume t n a t  t n i s  mater ia l  i s  c l a s s i f i e d ,  s o  you w i l l  w a n t  to  know t h a t  
Dudley has a Q clearance,  s e r i a l  No. NY 5359. 

Then i f  one takes  the  

I be l ieve  i t  i s  d i f f i c u l t  o r  impossible t o  j u s t i f y  the  use 
of &cute t o x i c i t y  experiments in zttempting t o  estimate t a e  r e l & t i v e  
e f f e c t s  of cnronic exposure t o  rsdium and t o  plutonium. T h i s  i s  because 
the  d e t a i l s  of t he  over-al l  b io logica l  e f f ec t s  of tne r ad ia t ion  may very 
well be q u i t e  d i f f e ren t  f o r  acute 1ethL.l e f f e c t s  and f o r  cnronic effec.ts. 
For example, comparing r a t  and m a n  t he  acute whole body l e t h a l  dose o f ' '  
gamma r a d i a t i o n  i s  near ly  t h e  same, the  r a t  requir ing about 1.5 times aS 
much rad ia t ion .  
raeium poisoning on tnese two species,  the r e l a t i v e  doses a r e  dramatically 
d i f f e r e n t .  
rad ium per kilogram of body weight 8 s  does man i n  order t o  produce 
s imi l a r  cnronic e f f e c t s  in a comparable f r a c t i o n  of the  l i f e  span of the 
two species.  
based on u n i t  w e i g h t  o f  skeleton i n  the two species,  

Following tne  Research and Development Board Panel meeting 
a t  Chicago, D r .  Brues and I discussed. on December 16 some aspects  of 
t n e  comparison of acute and chronic dosages. 
the plutonium problem, b u t  I bel ieve you will f i n d  that D r ,  Brues 's  
opinion has changed s ince  December 15. Brues nimself pointed out  t o  
the Psnel t n a t  t a e r e  a re  important b u t  m-known 6i f fe rences  i n  tile 
b io log icz l  e f f e c t s  of acute and crironic rad ia t ion ,  anc t n a t  tne e f f e c t s  
of' cnronic r a d i a t i o n  cannot be deter:r.ined accurately from acute  experi-  
ments. Tnis po in t  came up i n  connection w i t h  the  repor t  o f  George 
Sacher, wA1o a a s  been comp-ring trie e f f e c t s  of gama r a d i s t i o n  on the  
mouse m u  t a e  dog, giving both acute r ad i s t ion  and chronic r ad ia t ion  
simulating RVJ conditions.  It i s  found t r i h t  m e  r L t i o  of tne  acute  MLD 
f o r  dog t o  mouse i s  n o t  tne same as tne cnronic MLD waen tne  same qua l i ty  
of r a d i a t i o n  i s  given in tne  f o u r  expericents,  I do not  nave a memorandum 
of t n e  a c t u a l  r a t i o s  observed in  t a e  cnronic experiments, but I do r e c a l l  
t! lat  t a e  r e s u l t s  appeared compelling. 

. '  
For t h e  production of osteogenic sarcoma i n  cnronic 

As i s  sriown i n  Table V the  r a t  requires  150 times as  much 

Tne r a t i o  would be even grea te r  if tne ca lcu lz t ion  were 

We d i d  not  ac tua l ly  discuss 
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As you have pointed out,  even a nighly conservative calcu- 
l a t i o n  assuming some kind of equivalence between chronic alpha rad ia-  
t ion,  and anRBE of 20, and a whole body gamma rad ia t ion  of 0.3 rep per  
week,leads t o  plutonium values of the  order of 1.8 pg of plutonium. 
I f e e l  that  the  o the r  ca lcu la t ions  based on the known e f f e c t s  f o r  
radium a re  much t o  be preferred rad iobio logica l ly .  The gamma r a y  
ca lcu la t ion  can be used as  supporting evidence if  desired.  

It  r;ould appear t h a t  t he re  i s  a sa fe ty  f ac to r  o f  the order  
of magnitude of 10 i n  t h e  permissible radium value of 0.1 pg. I do 
not  f e e l  t h a t  i n  t h e  s t a t e  of our present knowledge i t  i s  j u s t i f i e d  
t o  introduce an add i t iona l  s a fe ty  f a c t o r  of 15 when estimating the 
e f f ec t s  of plutonium r e l a t i v e  t o  radiun. I do no t  f e e l  t h a t  the 
Chalk River proposals f o r  plutonium a r e  "absolutely necessary t o  insure 
a sens ib le  and reasonable pro tec t ion  of the personnel working w i t h  the 
mater ia l s  i n  question." 

some of my remarks concerning dust.  A number of my e a r l i e r  ideas On 
t h i s  subjec t  were discussed in  the colloquium on 16 A p r i l  1948 a t  the 
Sigma building. These and some supplementary ca l cu la t ions  were writ ten 
up and sen t  i n  t o  the  H d iv is ion  on 30 A p r i l  1948. You may f i n d  some- 
thing use fu l  i n  those notes,  which a re  unc la s s i f i ed  and which are 

I n  our telepnone conversstion you Lsked m e  t o  j o t  down 

headed "Chronic - Radium Poisoning" _ -  . - 
--.-- - 

. I n  Table I of the Chalk River Conference, t h e r e  a r e  seve ra l  
- i n s t a n c e s  where the  proposed maximum permissible amount of alpha ray 

emitt ing s u b s t a c e s  i n  a i r  a r e  even lower than the n a t u r a l l y  occurring 
r ad ioac t iv i ty .  One i s  tempted t o  abandon the word "conservative",  and 
use the  word nabsurd" i n  speaking of some of t h e  e n t r i e s  i n  th i s  tab le .  
To begin v!itn, the  n a t u r a l l y  occurring r a d i  content  of ordinary rocks 
and s o i l  throughout t n e  e a r t h ' s  c rus t  i s  lOY2 gms radium per gm. 
ar i tnmatic  shows t h e  s t a r t l i n g  but t r u e  f a c t  t h a t  in  every square mile 
of s o i l  t o  3 depth of one f o o t  t he re  i s  a t o t a l  of one gram of radium, 
and th ree  tons of uranium1 Thorium has about t h r e e  t i n e s  the  n a t u r d  
abundance of urmium in  rocks ana s o i l .  Because of tne longer l i f e t i m e  
of thoriun, i t s  contr ibut ion t o  the t o t a l  r a d i o a c t i v i t y  p e r  gram of 
rock o r  s o i l  i s  s u b s t a n t i a l l y  equal to t h a t  of uranium. Tnus i n  each 
gram of soil t he re  a r e  8 alpha ray emi t te rs  of t h e  uranium s e r i e s  and 
6 alpha ray emi t t e r s  of Lie thoriun s e r i e s ,  o r  14 in a l l ,  and each nas 
the  s p e c i f i c  a c t i v i t y  of cu r i e s  per g r a m  of rock. 

Simple 

With respec t  t o  a i r ,  I have nad a long t a l k  with Mr. Gurney 
of t he  Liber ty  Mutual Insurance Company, who nas done a grea t  d e a l  of 
d u s t  p a r t i c l e  counting. Dust counts a r e  repor ted  in mi l l ions  of par t -  
i c l e s  p e r  cubic f o o t  of a i r ,  ana all the numerics1 values m i c h  I r e f e r  
t o  i n  the  following sentences w i l l  be understood t o  be i n  these  un i t s .  
Under ordinary conditions of zicroscope i l luminLtion, magnification, e tc . ,  
dust  p a r t i c l e s  having E s i z e  grea te r  than 0.8 p are counted. About 
90 per cent  of a l l  t he  p a r t i c l e s  usua l ly  have a mean diameter of 2 p 
o r  l e s s ,  about 10 per cent  a re  i n  t c e  range of 2 t o  3 p, and t h e r e  a re  
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a very f eb  p a r t i c l e s  on uy, t o  about 10 p .  
a i r  and outdoor look j u s t  about alike under tne  microscope, insofar as 
p a r t i c l e  d i s t r i b u t i o n  s i z e  i s  concerlled and s l s o  the  dus t  found i n  in- 
d u s t r i a l  p lan t  s i r  i s  s imi l a r .  
Eir, as  zlong a country road ,  i s  ord inar i i J ;  v i s i b l e  beczuse of tne  l z r g e  
? z r t i c l e s  of 10 u diameter o r  so ,  but tliese few large ; > a r t i c l e s  a r e  
zccompnied by the  o r d i n a r y  d i s t r i b u t i o n  of fine p a r t i c l e s .  In resp i ra -  
t i on ,  she p e r t i c l e s  w-iicn m e  not f i l t s r e d  out  anci vi.:iicLi ac tua l ly  g e t  
t o  tne lungs a r e  a a i n l y  those h v i n g  a diameter of  2 p or  less .  
? u s t  counts i n  a c i t y  l i k e  Boston a re  found tr, be C I S  low as 0.2 o r  0.3 
immediately fo1lov:inz a r a in .  Trie counts taken on ordinary c i t y  a i r  
f i v e  s t o r i e s  or s o  above the  s t r e e t  and on a c lea r ,  d ry  day, xi11 run  
about 3 o r  4. A t  tne sane loca t ion  counts of 8 t o  1 5  were regular ly  
observed i n  Boston,cven t-iougn tne a i r  looked pe r fec t ly  c l e a r  t o  the 
eye,during the  period of the  Krinsiis d u s t  storrils. 
v i s i b l e  t o  the  eye i n  t a e  air, t h e  ?Zr t i c l*?  count will be in the  v i c i n i t y  
of 130 t o  well  over 1,000, but t he  p a r t i c l e  d i s t r i b u t i o n  s i z e  i s  sub- 
s t e n t i a l l y  the  same as on a c l ea r  day. 
dust  p a r t i c l e s  i s  about 1 p, but because tne  ac tua l  volume of dus t  in- 
creases  w i t - ?  the  cube of t h e  diameter of t he  p a r t i c l e ,  the p a r t i c l e  s i z e  
d i s t r i b u t i o n  i s  taken i n t o  account by using a diameter of 2 p i n  ca l -  
cu la t ing  the weig-it of dust  per u n i t  volume o f  a i r .  

r ad ioac t iv i ty  of ordinary c i t y  a i r  on a c l e a r  day, . %le r e s*u l t . . i s  tnat ' 

3. p z r t i c l e  count of un i ty  (1 mil l ion du.st p a r t i c l e s  ger  cubic f o o t  of 
a i r )  corresponds t o  1 microgram of dust  p , x  l i t m  of air. .Taking the 
normzl d i o a c t l v i t y  of s o i l  as given above, we come,out w i L i  tne f i g u r e  
of 10-14'microcuries of alima a c t i v i t y  p e r  cc of a i r  when the  dus t  count 
i s  uni ty .  Country a i r  wiiicn s t i l l  looks  c l e a r  t o  the eye will nave a 
dus t  count of about 10. and an al3hz ray a c t i v i t y  of l O - l 3  pc/cc, 
dusty air,such as I remember so  v iv id ly  a t  Los Alamos,*will run 10- 
?cc/cc. Tnis i s  a riigner value than tha t  vdiich i s  l i s t e d  i n  Table I 
of tne  Cilalk River r e p o r t  f o r  p lan t  personnel, and the  Table  contains 
a note  t n a t  tae maximum permissible dose for l a rge  populations i s  1/100th 
of t h i s  mount .  Tne tolerance proposals seem t o  be approacning small 
f r a c t i o n s  of the alpha r a y  exposure wriich Motiier Nature gives  u s  every 
day. Therefore, I d o  not  f e e l  t n n t  thes-. p r o p o s L l s  ere reasonable. 

Gurney has found tast indoor 

Dust v,;lic?l i s  zct i la l ly  v i s i b i e  i n  the  

Normal 

\Then dust i s  a c t u a l l y  

TLie medim diameter of t ne  

Now v : i t L 1  tiiese datw i n  hand we C 2 i 1  c a l cu la t e  the  alpna p a r t i c l e  
. 

It snould a l s o  be pointed out  t h a t  the radon content of 
orciinary outdoor 
per l i t e r ,  o r  1(YfJpc Rn/cc. I n  addi t ion the re  a r e  the s6I idalPha ray & 
decay products R a  A, R a  B, e t c . ,  which a re  genera l ly  deposited on dus t  
and w i l l  augment the  n a t u r a l  rad ioac t ive  content of dus t  pa r t i c l e s .  

r i s  general ly  of tne order  of.J.-to- 5 x 10-13 cur i e s  
t 

of dr inking water runs i n  the  
radium p e r  D r a m  of water. The 

content OF water f i t  f o r  drinking 
grams radium per  l i t e r .  
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Some months ago Dr. Shie lds  Wsrren mas Fnstrurnental h 
helping me ge t  s t a r t e d  here  a long range program on the  measurement 
of the radiummntent of ordinary numans, and ne has already supplied 
us w i t h  a number of bone samples obtained from amputations in h i s  
nospi ta l .  The National I n s t i t u t e s  of Health have taken a grea t  in- 
t e r e s t  i n  this prograrn, and we now have in addi t ion  the col labora t ion  
of D r .  Stewart, D r .  Dorn, D r .  Lorenz, and otners in Wasnington,as 
well as Dr. Pr inc i  i n  Denver who will c o l l e c t  whole skeletons for 
us i n  connection w i t r r  nis program on environmental cancer. We look 
on t n i s  program as a very long range one, and hope t o  have some 
d e f i n i t i v e  numerical values, having s t a t i s t i c a l  s ign i f icance  in, say, 
3 to 5 years.  I will keep you informed. 

of this l e t t e r  t o  Shie lds  Warren for his information. I would be 
glad t o  discuss  these problems Turther with either of you a t  any time. 

. 

In  accord witn your suggestion 1 am sending a carbon copy 

With warmest personal regards.  

RDE: p 
Enclosure 
cc: D r .  Sh ie lds  Warren 

._ .  . . 


