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I plutonium ln thlm ohomlorl and phyaloal ooabirnatioa oaa 20 prmdlotod t o  bo 
m h l m r u .  Stud1.l mdort&kOa darirn; thm Rr and ~uOD.quoatly puoll8h.d re- 
l a t i n g  t o  tho  uptaka of plutoalum by plaaim. l a d ~ o h i t o o  i:. t h o  ap.olom 
mtud1.d tbmt oomaldorablo aoou-ulatlon took plaoo la t h o  rmhloa of t l m  
rwtm. Thoro n m  w r y  l l t t l o  t nn r looa tmd  t o  shm 1-afy p o r t l o a  of tho  
olaat8.  T h i n  OTidOmoo would mug,omt tha t  it l a  1mproMble t n a t  r l t h  moat 
pka tw .  rbooo products aro oeamunod by aatml8 amd ma. tbat thoro would 

~.UOO. Tho l lkol lhood thmt th-  a l u t a l m  whioh d ( h t  00 oontalmod la 
p k a t e  mmd p l a n t  dorl-tirom would bm k rn form oop.01. of rmady amolml- 
l a t lm mommo .or* rul lk- ly .  Thlm polat .  of oOUao,  o a u o t  bo omsl imrod 
oomolualrm, but it 8hould bo a r o l a t l r o l y  .amy I t t o r  t o  datmrmlao If 
a l u t a l u 8 .  omalaxod r l t h  tho  mor. oemm oremlo aolde.  *to. f o v d  la 
p l u t  t laeuo,  l a  mor0 r o a d l l y  abeorbad. 

b# NfflOl.St D l U t 0 8 1 U  O m t & m h & t l O a  t o  prO5O.t may Tmry trOublO.Ou 

Tho t h l r d  eDIaldWatloa l i m t e d  L t h a  ronort, uul:, t h e  dopo#l t lo .  
of olutoalum lm tho  born., fol lowing i t a  lmbalatioa, ma llkrrlao bo om- 
8ldOtad of r o l a t l r o l y  =:mor alplfioarnom. 
ooamldorablo oxporlmmatal mridomoo has boom a o o u u l a t o d  t o  d o w a a t r a t o  
tbt oxldoe of pllrtoaiIm a r o  abaorbod through tne  alreo1l k t o  t h e  blood 
.trOam t o  a Tory m l a l u l  d-groo. 4 .mot 1 l l l t  a m n o t  bm rixmd but  m X p O r 1 -  
mntal mridmmoe ladloatom am uppor l t l t  of th. o r d o r  of 0.y am d m f l a l t o t  
m.t.bl1mh.d. 

81th ro@rd to  thlm e l t u t l a o  

Tho f o u r t h  h o t o r ,  U H l y  o x t e r u l  Nd lAt iDI  f r a  f l r a l o r  produotm 
1. m d l l y  mubjootod to O ~ ~ o u l O t ~ o m  a8d bas omoa Lro#t igmt*d la o0mmld.r- 
ab10 dmtall  la t h o  rmport. hahilo admlt todly f o r  looal .rum. it ou DO 

rn rory aorlou* proolon. th8 mmbrr of aoni)e r8qulr.d t o  provoke l o t h 1  
or mublotnal lo ro la  for  g loba l  armma l e  h n u m t i u l l y  hlgh. l y k g  e- 
-ore l m  t h o  nag.  of 10 At t h e  pr8msat lmV.1 or tWh.0- 
l o g l o a l  p r o d u o t t r i t y  la t h i s  oouatry a.d t b t  &$oh m y  bo o x t t u t  la tho 
B o d s t  Uslon, for t h e  formoubh futuro,  mould appmar r8mf.e 

t o  lo8 bombs. 

Tho r o o a d  itom of t h o  repor t .  namoly t h o  b r o a t h t r g  of p l u t o n l u  
l8 t h o  a l r  .ad lodgemomt of 4 r a d l o a o t l r e  p*rt lol .  k t h o  .lrOolar roglom 
of  t h o  hmg 1s worthy of Tory oarmful amd dotSi1.d O m m i d e n t l a .  k O W  

O h l W t l O . ,  WO bar0 f O l t  t h i n  f a o t o r  t o  bo Of SufflOiOBt l . p O ~ ~ D o O  t 0  
oxploro t h o  poar lb lo  oirommtamoma murrorpilar I t  ia omaidorablo  dota i l .  
It waa of lmt-romt t o  r k o  aomm omtlmtoo am t o  t h o  amrut of mdl.tlom 
that mould bo dollrmrod t o  rmgloam of tho  1% .Lor0 p r t l o l o m  rl&t W 
rotalaad.  Bv n y  of k t r o d u o t i o a .  It l a  oppmrmt lv  goaora l ly  ooamldmrod 
that ln8olublo partlclom m o a .  8 l r o  h l l a  r l t h l a  t h o  ram;. o f  0.1 t o  1.0 
nlcro~rrmm are molt  8ubjoot t o  proloagod rmtomtim la  t h o  1-c. foll0ri.C 
t h o I r  lahalmtloa.  Tho l u o d l a t -  a l t o  oP dopomltlDI l a  k t h e  . l r*ol l  U d  
a 1 ~ 0 0 l a r  duct#. 
a11 Inat-*a.m. 
u d  mlliooa dloxldo o i o n t u a l l y  toad t o  aooulu lo to  la t h o  lymphold ti0mu.e 
or t h o  lungm. Thls o b e u n t l o n ,  of ooursm. doom wt taka  l a t o  o o n a i d o r a t i r  
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tho#. p n r t i o l o o  mhloh, fOlloWL.~ 08tr*p*8t by tho  alrOsl8r atruotum., 
aro o u b a o q u ~ ~ t l y  ~ r o d  out of tho60 aroar a8d Qa t o  t z o  o i l i a t o d  opi thal-  
1- of thm broaohlal  troa r h s r o  tha:: would be n p i d i y  Mrriod m n y  m m d  
armntually m l l m o d  i m  t h o  ipu tmi .  
labormtoy, u o i q  n d i M o t i r 0  a o r o i o l r  of both plutoaium u d  f l a a l m  prod- 
uota, dwmmtra tod  m t h a r  high dogroo Of 0 8 t m p m a t  r i t h h  t D 0  a l n o l u  
ntruottiroa Dut mo mooumulation n a  o b a - r ~ o d  la  t h o  l m h c i d  t ia iuao .  8omm 
o m a i d o n t i o m  m y  ba ~ lre8  t o  tho h o t  t h 8 t  tho00 rtudioo war. dolo ulW 
nti a8d tbt k h r i o r  of r a r t i a l n i  la  thm h u r a  l l p g  might 00 migmlflu- 
l y  d i f f o r i t .  
l o l o i  of tho  
lodgm L t h o  # l r o o l a r  a t ruoturaa  .ad DO Pmt8la.d t h o r o  fOr l m g  porlod. 
ti.#. ID tho  mt, a i  f lr#t  a o a U p t 1 a .  It U. bo 8Ut.d tht 8 p p r d -  
mta ly  fS% of tho n d i o e o t i r o  a*roooli imM1.d arm i l i t l a l l y  ro ta iaod  L. 
t h o  alrmohr a t r u a t u r i a .  It i a  d i f r h r l t  t o  g i r o  a a i & f i o a 8 t  nlu 
for t h e  b i o l o r , l u l  b l f - l l f o ,  a i  t h o r a  ~ a t o r i a l a  mar. obrmrrad t o  bo ro- 
1ra .d  i’ra thm lumgm ia orar dOorUal8g rat... To k i r o  aa ld.8 or the 
ordor  of ~ g a l t u d o  of t h i o  offoot of tho r o t ~ t l o m .  rou&hly 4% Of fh. t-1 
m o t i v l t y  l8h8lmd m a  a t l l l  proroat  L tho lm$r a t  ttu ond of a p a r .  
d t t e d l y ,  mumbora Noh aa thoso aro oaly t o  ba ooaafdorod q d i t . t i V . 4  
n8d rhould ba d m t o ~ . ? 8 o d  with grUtor p r O o i # b 8  by U l h C  l8rg.r ba-h 
ouoh m i  poimlbly dogo or morlroya. 

Stud1.S do\# a t  CniMgO ard 18 t h l l  

Thm p o h t  ro-iaa. hmaror ,  t h a t  .mro.ol# oo8t8lalq prt- 
mago ompomad of p l u t e n l u r  aad rimrim produota rlLJ 

A& 

k may .nut, thoro l a  ao q w o t l e a  anout t h o  U g h  p r o b b i l l t y  of 
lodgmomt of the.* m d l o a o t i r *  p r t i o l a i  la t h e  1- for protraotod lB- 
t o m l i  of tlu f o l l m k g  t h o l r  kb.latloa. 

n d i 8 t i o a  d o l i r o r a d  by ouoh portiol*o. 
arm 1.01udod LS t h o  8ppe8dir. 
mmrm aolootod. 
amd #mooad. t h t  dnl i rorod  by t ha  moatalaod fiarloa produoto a#S\nl.C U 
d l ~ r o F O r t i O U t i ~ .  

1 0  f o ~ m d  lt of i a t o r o i t  t o  r k o  aa .#ti-ta m i  t o  thm a w m t a  of 
Tho da ta i l .  of t h o  oorputat iona 

L Mkl8g the.# OocpuUtlolro. t W  #itlltlOY 
l i r r t .  t h o  e m o a t  of r 8 d l a t l o a  dol i rorod  by t h o  p l u t o m l u  

T h O  f O l 1 O U L . g  a i a \ n p t i l r i  wore -de for thm U l O U ] s -  
tloam 
of p l u t a i l i .  EY waight - a%, nmco of plutonium a l p &  prtia1.a i. thaw - 40 miormi. 
mmm malgkt of i l i i i oa  produata war. p r o s o i t  am tht of s l d o a i u m  a i d  rn 
p w l o d  of amr0.1 d a y i  of domy from tha  tim of tho  u o l o a r  dmto8atiom t a  
t h a  m o a t  of i ah81at loa  m a  omployod. f i ~ l l y ,  avorag. hota m y  
o n e r g  por d ~ o f n t o g n t i o a  of 0.4 YW u r  totom a d  8 n n ~ o  k t l r o u o  of 1 
m l l l i n t m r  aad t h o  mffmat f r o m  b 8 m  rmyi i s o r o d .  
u t 8 t i o a i  r o r u l m d  t h a t  t h o  rmotmt of r n d i a t i a  d* l i ra rod  with18 tbm r o l u  
of tlimum iubjootod t o  loaiEmtia8 froa t h e  a lpha m r t i o l o a  of p l u t o a l u .  
n s  880 roo8tgma o q u l n l a a t o  Dhyaia.1 par  day .ad 1~ t h o  omso of tho  bat. 
n y a  Prom liarion proawt i .  tho  n l u o  a t  7 day4 i n s  72 roatgon oqulnloaCw 
phyiio.1 por day. 

d a o  of p w t i o l o a  - 2 =loroar la di...tor, d a a i i t y  - 6. o o n t u t  

In t h o  emam of tho f ia .108 produot i ,  It -a aiiumod tkt tLn 

TI:. r a o u l t  oC tho  80- 

Xhmom two m a r l ,  u d  im p r t l a u h r ,  tho  -1u. or p l u t o d u m  om the 
h a 1 0  of tho high d o Y p  hrd, r o r y  108g h l f - l i f o ,  u d  raL.tlroly &rmatar 
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offbatlroa.mm of mlphm p r t l o l *  l r r a d i a t l o a  r o d l  m p p r r  mat omlaow 
partlo,i?mrly wi th  rompoot t o  t h o  p o r r i b l l i t y  of mroiao~omoalo. 
oomb ooamid.raticar, horsvor. t h n t  m y  m i t i p t o  th*  orpooimily m l m m l a g  
oiraumrtaaoom a u r r o u a d u &  thin.  I a  t h r  f1r.t p18.a. it would roem plaurlL10 
that omroiaogoaoair It- l r n d i m t i o a  must poomaaa woat a i g a l f l o r a t  a t . t l r  
tiom1 motor .  Im othor  rordr .  oa0110ua nurb*ra of aol la .  o w n  uador a o r m l  
o a r l r o n r m t  r o o o l w  h i t s  from a l ? h  p . r t i o l ~ a  a0 r o ~ l t  o f  tho  u t u n l  
ooatmmiaatlon of ra4i;l la t he  body and othmr a o t d n l  rsdio-olomu~ta ma 
"011 ms domao l a s i r m t l o l  t ra i ls  from r m d i m t i c m  maaoclatod w i t h  o o d a  ray. 
Xoro, -0 hmT0 m 1 1  of tho  0od.V 0 ~ ~ 0 s o d  t o  Tor/  lcl lam1 Of n d l n t i o a .  
I. t h o  0.a. of tlu -11 pcr t io l% b o m r i x ~  p l u t o a i m  mad i t a  arooolmtmd 
rlroioa produito.  wm Mvo a l l  v o l u r  of t h o  body with n h t i r d y  lb- 
i t o d  number of o o l l a  oxpoood t o  nryi .6  i r t a n t a  Of r a d i m t i a .  
mro tho  pot*ntlmlit iom of omrolangoaomim la them. two oaooo? Ho do aot ha, 
mad li m y  wal l  bo t l u t m l r  p o l a t  for t h o  mcabat lo w r y  highly apooulatlvm 
mad rill rou:a 00 uti1 r o t t l - d  by # o m  l o ~ - t o r r  ulrl atudi-m, m v  
l a l l y  LI tho  ap*oio# moat oloaoly * l l i o d  t a  LP. 4t t... o proaoat t-, a 
amroful aurroy 10 Oois .6  -do of tho 1-2 oaotloaa of tho rmta orposod t. 
rad1cno:lw moromolm. oontminlaz both fllmia produotr mad plutonium. I h l l m  

Thoro mro 

E a  

thoso r o N l t a  W i l l  bo I n f o r u t i n  mad of latW0.t. thOy - v a t  bo o a a l d o r d  
OOaOlU#lTb. Our pOrOOU1 Opla im th.% t h o  m r o ~ o ~ o a i o  pot.atiali t lom 

of fw p r t i o l o a  in tho  lua,o i a  p r o b b l y  mor0 b o n p n b l m  t o  tho  d o p o o  
of  rnko&oammlm f r a  rmdium la tho mkolo ta  of t h e  ordmr of 1 mloroq... 
Hommwr, t h i a  1 s  oaly u o p k i o n  baaod upm mpoouktioa mad mhould bo om- 
mldorod am muoh. 

4 aumb-r of o t b r  piatm oomo t o  miad la prw4 tho  roport  m w  
or nhloh NG0.t m d l f f o r u t  * I S O S # u U t  of t h o  fao toro  ooaaldorod and othmrm 

oorroot loa  t o  a t m t n o a t a  mdo. 
qul to  miaor, mro tho  followia&. Tho bioloClom1 h a l r - t b o  or p l u t a i u m  lm 
tho mkolotom l a  D r o h b l y  mrm 1. tho  ordor or 100 y n r o  t b n  10 yomra. 
ruom fo r  thlm mtatomat  i m  tlut la t h i B  laboratory,  h U a  mubjoot I. 
f o l l m o d  fo r  mlmst ymar mftor thm p r n t o m l  a d m i a i a t r r t f a  of m m l x t u m  
of h288 mad FU2w. 
n a  .till f a l l l a g  1.d waa m l y  tow thouradm of parooat por &y. 
hmo b o a  d a o n s t r a t o d  shortly mftor t h e  p l u t m l i n  - 0  mdmlalatmod t M t  the 
akolntml uptako nar of tho ordor of 70 t o  80 peromat. 
pmaia6 t h a t  thim i a d i v l d u l  roomirod tho Ir . l ioaot i1a  O q u i ~ l O ~ t  of 60 
miorogrmmm of he39 about  6 yoara ago mad 50 data  Ma ahom ao o r i h a o o  mf 
may r m i f o o t  r r d l a t i o a  la jury .  
rrllmr la our  roport  i m  tbt t h o  t rmmlocnt i rm 1f plutoaiuu and moat of 
tho Ilaoloa nxzduotrn lmto tho lmmfy mad mood boaring portlrm of plmmta 1. 
w r y  nu. 

l a d i v l d u l  might g a t  hold.  of him r h a  oxpoaod t o  u aavironront o m ~ i A i 4  
t h i s  o l a . a t ,  t o  r o o a l l  tho  oxporluoom of tho N d i u a  r o f l n l m &  ladumtry. 
Roro, 0.0 f l a d a  l a d l r l d m l a  qho halo pOr8oUal1y Mndlod la r a t h o r  010.0 
ooataot aad umdor r o l m t i r o l y  poor h y f l u l a  ooaditloam, r r a  10 i o  100 
yur or r m d l u .  

h a g  t h o  oorroatioar, r h l o b  mro m o t l r 1 4  

h 

A t  tho  .ad of t h i s  ht-rnl, tho  d a i l y  - to  of oxo* im 
It 

It m y  b D  aotod k 

h o t h m r  p o l a t  whlah u a  rofmrrod t o  b r l o l u  

It r y  bo of l a to roa t .  whu o o a m i d o r ~ &  t h o  u o u t  of plutoaiua U 

Upoa on~liamtioa of auah pooplo, 0.0 fldm rrthor 
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t o  &ire e p r o b n b l l i t y  of 1 t h a t  a pmrmoa ia tha  U.S.A. would reoire a 0.1 - 
2.0 miorom p ? t l o l e  rou ld  be los t h - r  tho  B U b W  requlrod t o  giro prb- 
i o h  or 10s x 10s - 10s bah. 6 l  

3 ;  
7 
/ 

lh# t h . o r e t l o a l  w l o u l a t i o u  giroa by 411th oa p r t l o l r  also i r o  
a e r t a l n l y  o v e r l y  a lmpl i f i ed  u d  it l e  doubtful lf t h e  problem m a  be h a d -  
l e d  by any thoory of a u o l e i  folratiom i t  prmeelt. 
atudy lhould be g l r u  t o  t h e  problem e10.g t h e  lieme developed by Y. V0k.r 
(Kematokdor ~ e m n b e l d u a f ,  B d i r d e  Orom., h n  Arbor. pp. 121-159. 1946) 
aBd impl l f l ed  1. reoea t  r t ud lee  by Viotor k k r  Of C o l u b l .  UBlVOratty. 
A l e 0  t h e r e  l m  BO as6uranoe thmt t h e  e a m p l i q  methodr tired i n  prerioua b a b  
temta mere a d e q u t e  t o  detar8.i.e t h e  nuabor of mrll p*r t lo le# .  kdee4. 

HWeTer, addlti-1 



. 
, - . - -  - 

._ 

b p y  1 of C A - Dr. Shields Warm 
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