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TO - Members of Hoalth Dfvlafon of Metallur&ical Project. 

BEST COPY AVAILABLE 

I em enclosing herewith copiea of 6dplfs Pettern whfch explafn the 
reasons for Che deT0lcpmtmt of the mesarch work of'tba Health 
Digrleirm, and etatie the nccoupLishmenta up t o  *ha present time, 
It occurred to aereral of UB that the diskriPIution of therre letters 
Lo a aufffcient number of indfrtduals,  80 that they could ehuw them 
to academic personnel throwhout the Health Division, would be 
Palnabfa ae a meane of orianting everyone in the over-all problems, 

Specific letters ere not attached covering the work of Dr, Hamilton 
and 
3s covered later by addl t ime l  letters .  
vas a general report t o  Mra C u q t o n  and he kae given h i s  pePncteeim 
:?'or the Eealth Division members to m e  thie report. 
In ahmdag tMa mterial t o  the academzic people under you, 

Tamenbum, but the work l a  covared in a mmral way & may 
The occaeion of the lettern 

Use your diecretion 

o&Jr\c 'A WI33HldL,n...J '\ L l &  

REPOSITORY Nu- F 7 ~ . ~ ~ 4  aRc ObdYoura aincerelg, 
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A. H. Csmrpton 

R, So Stone 

RESWRCH ACTIVITIES OF HEALTH DIVISION 

In 1942 when the Health Diaaion of the Wallur@cal Project was first 
called Into existence the problems pxmYXrted werep  V h t  &tarde ra\rld 
come from t'ne develcpent and operation of chain reacting pllem and o d d  
they be controlled, A t  that t-6 we had a considerable body of huwlgdge 
on x-ray and garmi-ray hazarde and a very limltad mount of hmledgs of 
neutron hafade,  
amounts but practically nothing had been done v i t h  amomte aufficlbnt t o  
cause aeriouo damage, We 
calculated t h e  antic:',pted hazards fram known facts and extrapolated to 
the probable pemiseible levels of exposure, 

A fav m5io-activa materials had been used In tracer 

The mwale of the whole Project was at stake. 

The contmctar and the University agreed at that time that we would be 
given the opportunity t o  check QUT calculation8 by experiments and eo 
eetablleh the tolarable'llmita of exposures on sol id groundf3. 
to  date  has been based on accompliahingthese alms for tuballoy, fission 
products, product, neutrona, beta rays, pile emma rays and other ch- 
ically toxic and radioactive amtaacea which lpiet c a w  into the prao8eeee 
of the Metpsllurgical Project. In addltion we ham attempted t o  underatand 
the mechanism by which these agent8 acted 80 a8 t o  be able t o  treat anyone 
who mfght be over-expmed to any of them, 
nuaber of people who mi@t be 80 egpoeed would be sm~rl but Bag I point out 
that thg lwidera 09 eclence in this countq have been working on E24 
pro3ectYs where eucb hazarda exiat ani! were they to suffer any seriow 
damage from the pscuilar hazarda the United States would suffer an ?r- 
mpmible loss, 
t o  that of k4,llfng the generals of t h e  A m .  

Our pragranr 

It has been atated that  the 

In t h e  scientific world the loae would be analogom 

The biological experimentation has legged behlnd the reat of the program 
of the PmJeat by about one year; the reason for thier haa been that 
of our exprlmenta could not be etarted until  the materials for t h m  could 
be =de amlhble  by ylPs ol;eratione, Our inwstigationa of product, Bath 
clinical an6 biolagical a o a d  not a t a r t  unttl a sufYic1ent amount m a  
available to allo-r sofa8 for biological studfee, The, resnlte whlch v8 have 
+Dblainad azd w i l l  obtain if a U m d  to continue wor?cing are of value not 
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8101lO to the  Metallurgical Project but a b o  Lo any project 
of the materials developed on any of the D S l  proJecte. 
the need for the rasults doe8 not terminate with the temlnatfon of the 
main obJective of the EIetal3lurgical ProJect ae a whole, 
et Sites W and Y i n  pa&lcular are involved, 

u8e 
Consequsntl7, 

The per8armel 

We have found out a great many things aince our organization which were 
not known before aaad are of extremely great vahle. May I list 8 few of 
these: 

1'- The fact that tuballoy is relatively safe t9 handle and use in 
most of its capounde has been established; a contrary 9pinj.m 
was held at the carambncemgnt of the ProJect. 

2. The absorption, organ distribution and method of ellminatlon of 
the principle 1mg-life fiaslon praducte have been obtained; theee 
have been studied when they enter the bady by mouth, by lunge or 
by woundsu Most of this infarmatIan was completely unknown, 

The effects of 4% variaw fieaion products on the body PIB a whole 
and on the perttcular o~gana in which they locate hae been detsr- 
mined in part. 
a] the amount of aonm radio-alementa required to produce early death, 
88 strontium, barium-lanthanum, zfrconium-cohebtmn and yttrium, 
b) the effects of a bane deposited emitter in producing injury, 
aueh a8 strontium and barium, c) the effects on the lung of radio- 
elsmnts dspoaited there, euch as cerium and, a) the effects on 
the gaetro-Intauttnal tract of Insoluble emitter8 passing rhrough, 
euch a8 yttrium, 

M e  havs found aut mch item6 a8 th6 following: 

The infmmatlan obtained f r o m  these experiments is of great value 
in sakablishing the dangerow amount6 and the tolerable BEOUI~ZI 
of the materials. 
defsnsiva radio-actfvs warfare could be calculated aery easil~l 
from our f i n d i q p .  

The data  required in case of offensiw or 

4, Infonnatlon concerning product is rapidly beiw accWated; we 
n m  know _the acute'lcthal dose for different asthode of admifie- 
t r a t ion ;  the short tiare effect8 prsdumd on 'bone arrd other tlseoas 
and t h e  relatio~ehip of product t o  radium a8 acute Injurious 
agents. 

3, !+e htme established t h e  acute and sub-acute effects of total body 
irradiatim with elow neutrons and beta rags, Such experiments 
wem not poesibls before Clinton was in eetiafactory operation, 

6 ,  We ham shown t a t  Igmphc=tstous tumors can be produced by deposited 
stmntim in the b d y  as vm11 8s bp x-rcy. asm~la-~mgs and neutron& 
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A l a 0  that lung tumoss can be caw8 by x-rap and gama ray6 and 
this makes the possible prcductlon of tumors by alpha rays from 
product much more I f b l y ,  Bone tumors a m  appearing In animals 
injected with strontium; ovarian tum?are have appeared in animals 
being ifiaaiated, 
short t i m e  by relatirely large do6ebo 
requlred wttb longer expoeuree is not yet k n m .  

A l l  of thee0 poseibil3tiee and others ham been suspected by us 
but now w ham 8 h m  they are realitlea and that In caae of people 
with over-exposure we will have to admit the poesibllity of a 
conneetion between the employment and the diaaaae and accept the 
rssponsitillty, 

All of these have been produced in a relatively 
Jtaat what doses will be 

A8 8 meana of d&srsrlning how much product is In the bodies of 
personnel we have developed fairly aatisfactory means of 
analyzfng urine specimens, 
secretions and tiesues are not yet in a satisfactary state, 

We have d m l r r p a d  a satSafactory mean8  of d e t s r a k i n g  the ZLeSrmf 
of tuballoy in -the urine and we have atme teats that lndfcate 
d m g e  from heavy metals before the trouble ha8 reached clinical 
l e w l s .  

Methods of analyzing feces, bodg 

Same information has been obtaimd on the fmdammtal nature of 
t h e  injtlries ca-sad by radiathn and heavy aetala, but not enough 
t o  how the  best methods of treating pntfUllt6 wifh a w h  inJ1P.s. 

We have eetablished the tolerance dose of ganmi-raya on a much 
firmer baais then ever before. 

What remains to be done? We have not a8 yet filled in in eafflclent 
detail the knawledge in any of t h e  fields Investigated; in  partlcmlar we 
have not eatablished the psrmiseible amounts of radioactive elaPlentr vhich 
can be allowed t o  exist In a persmrs body vithont danger of complications, 
We have not satisfactorily determlned how to remove m y  of the damaging 
nwaterlals From the body 3n cam they do  become depoafted; we ham not any 
s a t f s f a c t o r y ~ k n o w l e d g e  of how to treat and restore to usef'ulneaa a person 
vho has hsd an orsm31elaing effect frcm radiation, 

Ths eetabPfehrment of eafe levels of air cmttmlnatian for product and 
flssion products, for safe le~8l8 of expoeurs t o  fist, elm and thermal 
neutron8 and t o  beta =pa, of safe levels of exposure t o  o ther  heavy radio- 
active eUments vhether transuranfc or Below uranium remain yet to be e6- 
tabliehed wlth any degree of certainty, 

As an exBoLp3e of the need for tae studiee which we ham under vag, I would 
l ike t o  peakt out two f l n d i q p  which differed markedly from our calcuh- 
tione. Mrst ,  radiostrontium we knew would be deposited In bone and we 
through therefore that Bone mmow deetructfaa plnd bone tumors would bs 

1 0 9 8 3 8 5  
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most l ikely.  W e  have found that lgmphamataTls tumors and 10uki!9mia atere 
fa reality first to appear. 
leukemia6 r a the r  than bane tumor8 88 a sub-acute and chronic result of 
strontium. Second, we expected C f d C l l h t i O n e  based on the energy 
of product and radium and a soiwwhat eimilar metabolic behavior t3mk 
product woad be 1/50 as toxic as radium. we h a ~ e  f o d  that ths acute 
toxicity of product i s  almost the MIUO gram for g ~ a m  aa radilrm, Radio- 
autoep.aphs have sham u8 that there l e  a definite difference in the de-. 
poeition of product and radium in the bone and thie probably exphina 
the greater than anticipated effect. Present lndicatlons are that in 
eub-acute exposures pmdnct will not be exactly a8 toxic ae radium and 
much longer term experiment8 may show that product i8 not quite so 

This mean8 that we w i l l  have t o  expect 

h a Z a r d O W  a3 W e  mUSt 888lrm6 Tt t o  be. 

I belfeve that the bfological and clinical raeearch programs of the 
HetallurgScal Project have justified their existence, that the continued 

w e  of tuballoy Isotope, fiaaion product8 and product by ISM projecte 
not cmly justifies but necessitates the continuation of a brge amount of 
health research work 

Robert S, Stone, M, D. 
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RESUEIS OF BIOLOGICAL RESEARCH 

Dr. Stone ha6 asksd me t o  aubmit more  egecific data to amplify h i s  
general report to you on raaearch problsms connected vith health, 

Tbe first objectire of the biological research in the B i d =  Section 
is t o  detmrmiae the rssuPta of exposures of -8 t o  Project radisr 
tion8 and radioactive xateria3,s and to eet3nmte the reaulte of expaem8 
of mgto t o  theee hazards. The sore Important. data and conclusions beariag 
on thie objective a;re now e d i z s d ,  

_.--------- - ~ 

About fifteen percent of the radia&ctiw Plrzteriale inhahtd ha8 been de- 
posited in t h e   lung^, 
dspoefted materials varied from a f e w  seconds t o  two vseks, for the 
f i s s ion  products investigated (I, Sr,  Y, Ru, Zr, Ce) and f'rom twelve 
hotxra to two weeks far plutoniurm, while thg times for  ninety percent 
ramoval were about t w o  months for Ce and Pu, These time depend 80 
much upon the element and its chemical and phyeical fona that no gemeral- 
izationpl a m  posaibh, 
cawed aewre lung injuries and killed half  of the aniaxils within three 
m m t b  

The tim raqufrea to remove one hal f  of the 

Hfty microcuries of Ce depoeited in rat lungs 

It has been fauna that U h f  of the rat6 earallowing fifteen microcmiee 
of Y9 Sr or mixed ffsalm products per gram of body weight d i d  not l i v e  
oyer 0 nonth. When about t h e 9  neicrocuries of Sr, B-b, zr-cb, or y 
per gram wsre introduced direutLy into the bodies of mice, rats, rabbit8 
or dcga half of the animals died In a month,  bout one-half micrograsa 
of Pu or Ra car gmm of body welght produced the eame result in mlce, 
rata  and dogs. For the preeent it is reaeonable t o  assume that a laan 
w i l p  be killed proaptly by fifteen microcurios of fission products per 

or a half micru>gmn of plutonium per gram introduced i n to  the body, 
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For smaller amounts of ntaterfal In the body mice live longer, a h  
atonthe far two en6 a half micr0curles of S r  per - t o  ten montha 
for half m i c m u r l s  per gmu'but they dewlap en,avsraga of fffesea 
percent bone tumors and twenty-five percent l p p h m  and leukemia 
befme death. S l n l l a F  fQm8s may be &milable in eix manthe for 
plutonium, 

About 500 r of x-rays has killed hali of eeveral strsias of a c e ,  
rate, rabbit6 and do@ in a month and M can expect the BSPIO effect 
on man, With faet neutrans the value l e  ab& 100 n for  d o e  and 
rabbits, 
rats m e  gone in a wesk after an expoeure. But 70 r per day ala0 
k l l l e d  m t ~  and mice in 8 month and 10r per day ahortened their Iff- 
time considerably, 

It has been found that about half  of t h e  x-ray inJuryto 

Do@ and rabbite whi~h ultimately died in two weeks after x-ray ex- 
posure had an famediate prostration followed by gradual loss of red 
blood cells,  After a week the  animala 108% might rapidly anil d6- 
mloped other sgnrptoms swpstSng thet death -8 caused by circulatory 
failure. T w  doga receirlag/fatal and near-fatal anmunts of plutonfum 
showed the e m  stX'eict8 bat w%%hout the in i t ia l  prostration, 

Blood. countx~ on animals exposed to oariotas radiatiane and radioactive 
~mteritrds have shown that the lynr~phocytea were the most eemitioe cella 
in the Blood, 100 r of x-rays or 24 n of fast neutrons removed half of 
these cella vhlle rj r and 10 n r e s p c t l w l y  produced minimum detectable 
effect, About two gicrocurie~ of Sr or 3ri-La reduced the lympbocybea 
to half In miae, rats and rabbit6 while about a h a l f  nicrocuia par grtm 
was detactabls, 'Bu and Ra reduced t h e m  cell8 t o  half in mice, rata sl3d 
rabbit8 at about one-fifth rnicrograma per gram. 

The microacopic exmination of tiersues f'rom expo84 an-18 ahowed that 
fiaeicm producte end x-ray produced the moat damage in theraafiow of the 
bones. The lylaphatic tieauea, the  lining o f t h e  gut an8 the reproduc- 
tive or-s were also damaged. 

and x - r a p - d l d  no% produce psay detectable damage. The inJ& tfeswa 
recotrsred mare canpletelg fraa x-ray d- than A.m that caused by 
fisaion products. 

In conclusion I wlsh to auneaarlre the present aitmtion. 
portion of our fact-finding prsgram a t h e  Immediate af"ects of fissfoa 
products and exte~nal radiations is completed, pracfically all of otrr 
personnel and fac i l i t ies  are now occupled by vork on Phtonium and on 
delayed injurfes e 

Plutoniua catram3 severe daolage to tha 
bone itself WhilO far UqU%Vt%lmt OXpOaUre, @ arad fnad 1880 O f f O C t  

--_ - 
The gaJcn= 
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BIOLUGICAL WORK AT CLIlPTOA Z+ABORA!t?OFUES 

D r m  Stone suggetsted I write gou regardir?g eome of the resulte whlch have 
been obtained by the biological group at Clintcm t o  supplement his recent 
letter to you on the aima and accmiplishenta of the biological program, 
From t h s  purely biological Ride, our task here bas been t o  investigate 
the biological effect@ of external radiations and other hazard8 which 
exiat in tlre neighborhood of a productfon pile, 

It haa Been neceeearr to devise mthoder for exposing M ~ I P P L ~ S  to  the various 
r8diaticms i n  pure form and 098r a wide range of inteneitles, 
the oxprimente has been to  expme group8 of animals to hlgh intermitlee of 
a partlcaalar radiation and establish the acute lethal dose, and with this 
howledge extend the vork t o  1-r and lower exposures extending m r  
langer and langsr perlade of time, SpecifPo findinga and  the present 
status of the work  wit"^ the, par low radiations are 88 follow: 

- -_-_- -- 

The plan of ' 

czuima Ram ; This radiation has been conaidered aa equivalent to x-rays, 
about which a goad d e a l  is knom medically. The other radieticars have 
been compared then w i t h  thfa,  both for acute and chronic effects, in order 
that reaults could be mre easily applied to man, 
In progress, essentially acting as controla for experiments wlth the other 
radlationa. 

Maw experiments are now 

Fast Xeutmna: It hes Been fo& that for acute (30 day] death thie 
radiatim is 3.0 times a8 effectfve as gama-rztdiation fop equal anergy 
abrsorption. When a3nlnistemi at a pate of 13 n/day and 4.3 nlday animals 



d i e  seer accumulating about three t b e s  the acute lethal doae (90 n) but 
at lol> n/day after only L7 t imes the lethal doee, 
for gmn8 rablation but how much faster is nDt kncm since the correm- 
pondlng garma ray aeries are  not yet C01@0te ,  
logical effects are almost identical with those produced by gamma rays, 
but the long tern series are not complete, 
and fast neutrons are campPetsly addit ive ,  

Thia is fae-ter than 

Efstological and hemato- 

For acute effecte, cpumns rays 

Slow lieufront?: It ha8 been found that 504 of mlce all die in about 
21 days fdhwing an 8 ham erposure to a slow neutron flux of 3 x 108 
neutrana/c1n~!-s8~~ Abolrt; ,one-fourth of this effect is due to capture 
radiatiaaz f r a n  hydrcgen, and the rernai er presumably to  proton and C 
recoil f r o m  the reaction HI4 (n, p) $. These latter are produced 
preferentially In t he  nuclei of ce l l s ,  a d  80 p d u c e  maxlmum damage, 
Radimctive isotopes f o m d  in the body a3 8 reault of exposure BFB a 
secondmy hazard, of which phosphorus f a  the mast important element, 
with I&, K and C1 plaslng minor roles. A few preUmlxmry reeulta on 
long term effects 8 e m  to indicate that th l s  radiation may-have very 
potent carcfnogsnic action, a hint of which has also been mcslaed from 
histological studies ,, 

r 

Beta Rays: 
%viae as much of t h f e  radiatiaa as with gama m y #  a8 measured on an equal 
energy basis, However, the absorption of gamma rsrya I s  proportianal t o  
the volume of tke animal while wfkh beta rap it 18 proportional to the 
eurface area. 2liua the acute letbap dose of %eta raya for mice is 4300 r, 
fa- rats 7500 r, and for rabbita 20,OOO r at tha eurface, 
in this work the real danger fnrm beta rays probably lies in d a m q p  t o  
the 8Mn of the hand8 l e a d i n g  to  skin cancer, one, therefore, cannot rea8on 
that bet8 r a p  ere lesa dangerous than gamma rays. 
been produced by local exgoeure vhich heal only after 8everal mnth8, and 
akin c~ncers have been producedin mice af'ter only a eingle exposure, 
Hietological etudles ehow a heavy thickening of the skln following re cove^^ 
and metabolic studies show that lerge quantities of body fluids are loet 
through the d-ged skln, 

In order to produce death it is necessary to apply about 

. 

Eovemr, since 

Eeta ray ulcera have 

Beta rays produce no effect on tbe blood counto 

mher potential hazards in the neighborhood of the CUnton pile have far- 
tuastely bean found t o  be negligible. 
around the g r m d e  tam ncmxd. in every reepsct and t h i s  uork w i l l  eocm be 
discontinued, %bbita have been exposed t o  the u n d i l u t e d  p i l e  afack w e e  
for about 1-5 aonths end s i r s  still n d  in every ~W4peCt. 
on ffaaion recot1 iaOtopeS obtained by placing bare uranium f o i l  in the 
pile, it has been found that the hazard due to t h e  in8pira'tIon of theae 
products 1s a very minor one, and if euch products uere released in the 
afr the danger vodd be from sxternal Uta and gamma radiation. 

e x p o m e  mthads, is cumplete and that many of our hardest Bfological 

A l l  animals in the buildinga and 

From studlss 

- -  ----_ 
1% C a  than be eaid that p,rfiap8 h 8 k ,  t-t Of damloping 



problems ham been eolved. Sfnce July 1944 we have been obeerPing the 
prolonged effects of radiations, and the longer these observations are 
continued the more fnfonnation we have. Results already obtained 
fraa these erperhmts have indicated the deeimbility of starting a nunibor 
of new series, 1 feel that this laboratory fa almost uniqwly equipped to 
continue t h e m  etudies, and that it would be a mistab t o  cwtail: them, 

. 

I 
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1, A rapid, sbple, and axtrermely SeneitIra me od ha6 been devieed 
for the quantitative estimation of 4 (witiva to one 
hundred blUfonth of a &ram). 
biological mteriale such a8 urine aa well  as other eourceeo 

2. UrineX studies of Am8 persoanel show good cancelakion wfth 
history of 9 expoetwe, 

of prodect peraonnel to 
end their urinary excretion of coproporphyrin, 

many IndIridudLa with chemical, mebl, and p38elbly radiStian 
exposare, 
to mako theee taste more epecific, 

cel la  fY0ra vemua blood,, (Them ce l l s  are Baing wad far nuimroua 
biochemical etudisa. ) 

This method i a  applicable to 

* 
hh.L-- 

3. A El i@fICfUl t  COR'Ohtf f& betwen the expos\ore 
8 berilliuut, tand other metals 

4, An h C r w m &  mmt Of ParfOuS Urm p-8 excreted by 

By the we of &aprwed technique@ ve are now attempting 

5 .  A methad has been devisea for the isolation of white blood 

6. A number of project perRome1 haw been shown to  have at least 
'borderline abnonaalities in their  liver function testa, We 
haye not, hmwr, correlated these wlth certainty with any 
project expcx~ptre. 

7. Red blood cells protoporphyrin mlues have been found to be 
ccnrmoa9y elevated in 3ndZvidwale wlth t&@.&oy a8 wel l  ne wlth 
xM&aM&q; m e t a l  exposure, - 

&k ' 



pe Studies of tieeus breakdam products in wine, w l t h  special 
reference to individuale wlth radiation expmure. 

3. Studies of fecal porpbyrine in indivlduala with chemical, 
metal or radiation expoeure, 

i 
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