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A ,  E. Co~ptcm 

R, S. Stone 

RESEAECH ACTIVZTIES OF HEALTfI DIVXSIOK 

In 1942 when the Hedtth Diafeion of' the MetallurelcaP Project wa6 first 
called into existence th0 problem pmssnted were, what hazards would 
come frm the bemloment and o p m t f o n  of chain reacting piLcra and could 
they be controlled, A t  tbat time we had a considerable b M y  of knowledge 
on x-ray and gamms-rny hazepdp and a vary l i m i t e d  amount of knowledge of 
neutron t ? n x a * ~ . ~  A few radio-active materials had been used In tracer 

cause aeriouc dam%@, 
cePcuPated t h e  antfc9pntsd hazards frm h o r n  f ec t s  an8 extrapol&ted to 
tha psobabPe permissible levels of exposum, 

2 B1PbOWltE b.dt D2#&jcally nothlng md beexi done a t h  a m O W t S  R u f f f C i m t  t0 
The mrele of the whole !?rode& -8 at, etake, We 

- 
The contractor and the  University a p e a  at t h a t  time that we would be 
given the  oppolvcunit,y to check o w  C 8 W C u h t f O n 8  by experiment6 and 80 
establish the LolerabSe liat8 of exposweo on mild grounds. 
to date ha6 'wen baaed on accaElglishfng taeas aim for tuballor, flssion 
products, product, neutrons, beta rap9 pi le  gwma sabre and other cham- 
IcdPy ~ Q X ~ C  and mdiuactive eubatances which might cmme i n t o  the  prmeeees 
of the Mct&Pkurgical Wo38cto In addltion we have attempted to understand 
the mgchanfmby whic.3 these a,@mte acted 80 a8 t o  be sble t o  treat anyana 
who might be over-exposed t o  any a% them, 
nu&er of people who might ba 80 expoaod would be 8mcl l l  but may I point out 
that the leaders of ecience IC this country have been working on ESkj 
proJects wl.lera such 3luzax-W exis-: and were they to suffer any eerioue 
d m g e  from the psct.&iplr hmez-68 tke United S t a t e a  would suffer en fr- 
mparable loss, 
-GO that cf W-llfnl: t h o  generaln 0:- c;he Amy, 

O w  program 

Xt ha3 been etated that tho 

In t n e  ecicntl'flc world  t h e  lose would be analogous 



1 

\!e have found out 2 great man$- things since o w  orgmization which were 
not born  before and are of extremely great mlus. ,  Paag I list r, Yew of 
these : 

The f e c t  thet tuballqr ffi x l a t l v e l g  safe t3 hand10 and use in 
mogt of 4 % ~  compounds has been established; a contrary opinion 
w88 held at the comPnencsment 9Y the ProJect. 

The absorption, or@n dlatribution and method of elimination of 
the prlncipka long-life flssion producte -have been obtained; theee 
have 'been studied when they enter the body by mouth, by ltm@ or 
by wounds, Most of th i s  information wa8 completely unlcnawn. 

The effecte of the various fission products on the body as ti vhole 
and on tho part-lcular orpans in which they locate hae been aeter- 
mined in Papto 
a) the amount of' borne radio-elements required to psoduce arnrly death, 
ee strontim, bsrim-lanthanum, z2rconium-colmblm and yttrfm, 
b) the  sffecta af a b e  deposited emitter in producing injury, 
such a8 etrontim and barium, c) the effecte on the lung of radio- 
elements deposited there, such 89 ceriumand, d) the effects on 
t h e  gaetro-Intestinal tract of insoluble emitters passfng rhrowh, 
uuch ea yttrium. 

We have found out euch iteras as the following: 

The infmmation obtained framthese experfments l e  of great valua 
in eetabkishing the dangerou9 aProunte and the tolerable m t e  
of t h e  malarfels. 
defensfus radiooactire warfare could Be calculated pen eaelly 
f r m  BUT fdndln.p, 

The data requfred in caee of o f f w i v e  or 

Xnfonaation concerning produst l e  rapidly being accmulatsd; we 
now haw the actlte lethal dloss for different methoda of atiminle- 
tration; t h e  short time effects prduaed on bone ana other tissues 
and the refat iamhip of product t o  radium as acute Injurious 
npntb. 

We have oetablj3had t h e  acute and sub-acute effects of total body 
irradiatim wit;? S ~ C W  noutronm an6 beta rays. Such experiment8 
were no% possible before Clinton was in entiafsctorg operation, 



A180 t ha t  lung tumors can be cause by x-rays and pmrm rage and 
this mk%s the pastlible productfm of tumor8 by alpha raye fYom 
product much more l i b l y ,  Bone tmms are appearing i n  animals 
injected with strontium; o m r i m  tmore have &?pearod in Q ~ ~ E E I ~ B  
being i&fa%e9,, 
&or% time by r9kat.iasly large dasos, 
requlrcs9 with Isngc exposures is not ,yet known. 

A l l  of these have been produced in a relatively 
~uat w h a t  doses w i l l  be 

All of these pa~~sibflities and other8 have been suspected by u8 
but now WB have rJbown they are real i t ies  and that in c880 af people 
with over-expol4ure rn will horn t3 admit the paeeib'llity of a 
connectfan betwsen the qlogment and the  diseaee and accept the  
respons ib i I i%y-  

T o  As B means of dsterralnfng how much product l a  in the bodies of 
pareomel we have developed fairly satisfactory meam of 
analyzfng urine epecilltbne, 
eacmticms and tiesuee are n& yet in a satlsfrctory state, 

Eethods of analyzing feces, body 

9. Sme infomatlai b s  been obtained on the fundanentali nature? of 
t h e  fnj*-noies cawed by raBipltfon and heavy metdls, but not enough 
to knsw t h e  bee$ methade of treating patients with euch i r Q q o  

10, WE h9m eetabl13hed the tolerance dose of gamma-rap on a much 
firmer 'ba~ie than ever befoR. 

What rmafns to be dme? WB haw3 not 86 yet f i l l ed  f n  in evfffcient 
deter1 the knovl&,p fn any DY the f i e l d a  inveetfgated; in Paptfcalar w e  
ham not estelblishoc? t h e  prInl8Ribh amourits of radioactive element6 which 
can be ellared t o  sxist In a person'8 body without danger of campllcatfons, 
We have not aatisfnctorily determined how t r 3  remove many of t h e  damaging 
makerialer Yrmths body in case they do beccnne deposfted; we have not ang. 
ssatfsfactaq ]mowledge of how t o  treat and reertm to u~efuinsss a person 
who h a  ha3 an omjrurheL.m3ng e f f e c t  fram radiation. 

The esta3lislzumt of safe fcosls of air contemlnation for product and 
fres ion products, for eafe Pevelc of expasure to fast, slow and thermal 
nc*rons and  to beta mp, of atlfsr levels of exposure t3 other hezip radio- 
sctim s l m n t s  whother transuranic or below uranium remain yet to be esd 
tabllshsd with any a e p e  of certainty, 

Ae En exaq le  of the need for t h e  etudies which we have under my, I would 
lfks to pbint; out LWO findings which differed markedly from our ccLLcu3.a- 
t lons,  Fi-pat, red:-oetrontim we hew would be dopasited in bone and we 
t n r o u ~ h  therefarcs ';hat bone m ~ z ~ o ' d  destruction sn;i bone tumor8 would be 



IEOU~ 11ke1.y. wa mvu round t h E t  ipmhomatoue tumors and leukemia were 
fn rea7ity first -GO apyear, 
leukemlaF rather than bone tmom a sub-acute and chronic result, of 
strontim, 
af pra+iucl and ra3im az?if & soneuha.i similar metabolifc behavior t ha t  
produes w w l d  be 1/50 ag tpxic aa radiu~., 16e ham found t b L  the acute 
t ox ic l ty  of uroduzt 2s almost the same gram for gram 88 r e d i m  RBdlo- 
autopphs have ~fim us that there is a definite diff'esonce in the d6- 
posltim qf product and m6im in the bono and thie probablr expbfns 
the greater than anticipated effect., Present indications are that In 
sub-acute exposuraa pr&uct v i U  not be exactly BE zoxfc as radlrmt and 
much longer term experiments m6y ahov that product f a  not quite so 
hazardow es we m u s t  assume I t  to be, 

Thie means that we k53.3. h ~ m  to e x c l t  

Seconl, wa spmcte9 frm calculatione Irafted on the energy 

I believe that th3 bfolaglcal and clinical. reeearch programs of the 
Metallwgicaf Project hare Jua t i f ie l t  t h e i r  existence, that the continued 

uEe of tuballoy Isotope&9 f h s f o n  products and product by E&¶ proJectb 
not only Justifies but. nscewitates thc continuation of e. large amount of 
health research wmk, 

Robert So Stone, M, De 



K, S,, Cole, 

Dr. Stone 'hac aekeca me to eubmf-; more epacific data to amplify his 
,general report to you on research ppoblema conneceed vlth health, 

The fire% obJectin3 of the biological reeemch in the Biology Section 
is t o  detersline the rseults of exposures of anba'is t o  ProJact radia- 
tions 8nd radioactive materiale arnd ta eetimata the result8 ai ergasllres 
of man to them b&s. 
on t h i e  objective ere now sumwwized. 

The mre inporbnt  data and canc~u8lone bearlq 

About fif teen p8rcont of the ratliaaecfive makerial# inhaled has been de- 
posited in t h e  I-, 
deposited mterisls varied frm a f e w  seconds t o  two wee1cB, for the 
fiesfon umducte investig~~tsc! (2 ,  sap, Y, m, *, ce) and from twelve 
hour6 tn t tm weeks f e r  plutoniuu, wliilo tho tfmes fo r  ninety parcent 
rarraowl were about two mmths for Ca and Pu, 
much upon the elemen% and its chemical and pbyeicol form that no general- 
lzatione a m  passitle. 
cawed sewre lung injwies  and HUsd half of ths  enimals wi th in  three 
mmths. 

The tima required t o  remove one hazf of the 

These tints8 depend 80 

Fiftg: sucrocurles of Ce dspositej in rat lungs 



About 303 r of' x-ra,p ha8 ULL& half of' ss~eml etmine of mice, 
r a t B ,  rsbbiae and do@ in a m n t h  and we can expect the erne effect 
on atan,. U i t h  faet nerttrom tnc  v e P w  is about 1 0  n for mice and 
rabb.Its, 
r a t e  WBR gone in E: week after BR exposuse, But 70 I" per day aleo 
k i l l e d  ram and m:ce in 3 montir and lor per day shortened the i r  lii- 
t i m e  cmsbderobly, 

It hae been found t b t  about half of t h e  x-ray injmy to 

Dogs and mbbita vhi13Y ultimately d f e d  in two weeks eftsr x-ray ex- 
poeure hac:  an Immediate urostration foEiowed by gradua l  loss of r e d  
blood celis. A f t w  8 week the  animals Z O R ~  weight rapidlr  and de- 
vslopeci other s,pntom supger;%:ng &b&c deati, v86 cawed by cfrculatory 
f a i P m ,  Two dogu recefvin5 frzeal and near-fatal am6un.c~ of plutonium 
ahme8 the samo effects but arfthout the initial prostration, 



Dr. Stone suqe;ested I write you regarding some of the reaulte which have 
been obtained by the biologlcsl group at Clinton t o  supplement hie recant 
l e t te r  to you 3n the eima and accamplfshmente of the 'biological progrann, 
Firom the purely biological side, oar task here has been t o  invest igate 
the biological effecte of external radiations and other hazards which might 
exist i n  the neighborhood of a productfon p i l e ,  

It h a  been neceeaary to devise methods for expoeing mimale t o  the vartcyu~ 
radiatimc: in pure fom and over a wide range of intensitlee, 
the axperimentn has been to expoee g r o u ~ e  of animals to high intemftiesi of 
e3 particular radiation and establish the acute letfial dose, m d  with this 
knowledge extend the work to l m s  and lower exposurea extending over 
Yongar and longer perfode of time, Specific findings and tho present 
status of the work wfth t h e  m i o m  radlatfons are e8 follows: 

The plan of 

@mma Fasf This rsdiabion hae been considered be eq~valent to x-reryfj, 
about whfch 8 good deal in b o t m  medically. The other radiation8 have 
been compared then w i t h  thle, both f o r  acute and chronic effects, in order 
that results could be more easily applled to mano 
io progrees, essentfally acting as controls for experimmte wleh the other 
radiations. 

Maw experllmentfi a r e  now 



die &*ex- accumulating about three ciasee t h e  acute lethal dose (SC; n) but 
at 1.13 n/)dey alter only I..,? tiEes t h e  IB~;I.-BI dose,, 
for 
ponding @%IIUB niy eerfefi are not pet complete, 
logical effects are almost identicel with those  produced by gamma ELF, 
but the long term 8eYieS a m  not complete,, 
and fast neutrons are comRliexcs1.y additive 

 his is faster thau 

HisLoPDgical and hemato.. 
radiation but hov U U C ~  f a a t o r  is ngt hotm Dime t h e  come6- 

3'0- acute effects, p r u m  ray& 

Spar Neutrone: 
211 d a y s  €d+owing 811 8 how- exposure do a slow neutron f l u x  of 3 x 108 
n6utrans/cme-8t?c, 
radf&tlm fkoas kflrogen, end the remain 81" presumably to 'proton and C 4 

preferenttally in t h e  nudo1 cf ceUs, and 80 praciuce maximum damahje, 
Radicrtictive isotopee formed in t h e  bady as a result of exposure ars a 
secondary hzari . ,  of whfch phosphorus f e  the most iM?ox%ant element, 
with Na, E and (3 playing uinor roles, A few prelimlnar$ raeulte on 
long term effects eeen tz indlcste that t h i a  radiation raay have v e q  
poten* cmcinogxkic actfon, n hin t  of which has &so been receivlsd f'rm 
h1stoiogice.l sttrdies e 

fc has been found t h a t  505 of mice w i l l  d i e  i n  about 

Abo& one-fourth 02 this effec'c 1s due 'to capture F 
rsco3P fponn thti reaction MILi in, p) C1 t e These latter a m  Droducsdt 

Btzi Rays: 
twice a8 much of t h i B  r8diatPan a8 d t h  gwma rage ae maeursd on an eqW-  
enera baeis, Emever, the abeorptlon of gamm my8 is propOnCt10~ t o  
the volume of the animal while #fLh beta rays 1% is proportfor~KL to the 
surface arw. zw the acute Pelthah dose of beta rap for mice is 4500 rp 
fa- rats 7500 r: ani? for rabbits 20,08c, r &t the emface,, 
in this work tht real danger frore bte rap pmbabl-y l i es  in damage to 
the eMn of the  hands leading to s u n  cancer, onef therefore, cannot reaeon 
that becs ray" m e  lees danqsrow than gamma rap. 
been produced bz focal exposure vhicfr? heal only after several month&, an6 
skin cancer&! ha776 been producedin mice after only a sSn@e ~ X ~ O B U P F ~ ~  
Sietoioglcol strdies ahow a hsevJT thickening of the &In fallowing recmery,, 
a d  ze%aboTfc: siul3fte ehm- that I m g e  qwintltiea of body f l u d s  are lmt 
throceh t h e  da.m~..g& akin.. 

In order to produce death It ie neceaaary to agpfy about 

Eiatever, 8ince 

Beta m y  ulcers have 

Bete rays produce no effect m the blood counto 



problesm have been solved. Since JvLg 1944 we have been obeervlng the  
p r o f w d  effects of mdiatlons, m e  tn5 longer t h e m  observation8 &re 
oontlnued t h e  more fnfonnatlsa we w i l l  ham, ReSults aPreacig obtained 
from these experlmm%s have ln9ica%ed t h e  desirability of dxwting a number 
of new serfes,, 
continue these studies, and that it would be 8 mistake to curtail them,. 

1 feel that this Ya’bcm%torg is almost uniquely equfpped to 
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1, A rapid, slrmple, and extrapaely seneitlve aethod has been defleed 
for the  qmtitatiw eetfmatim of tuballay, 
hundred biUionth of a gram). 
bfologicd  m%erisls B U C ~  ee urlm aa well  as &her e c m . r ~ e ~ ~  

(Ssnettlve to m e  
This method is applicable t o  

3. A significant carrePatfan 1366 bean found between the exposure 
of progect per9onnel to tubaPlog, berillium, and other l8Otd8 
end their urinary excretion of caproporpbFin, 

* 
r;, 1. nm'ber ~f proJect peraomel have Men s h m  to have at le&& 

tmderline &.bnoraaalities in their liver functio3 t e a t s ,  Gbs 
have notp hmev3r, comlated these wltb certeinty with a q  
project expcrsurs. 



2, Skudiee of %issue breakdm produsts in urine, with ap@ciaZ 
refereme t~ indfviduale with radiation exposure, 

3e Studies of Tecel porpiqrim in individuals w i t h  chemical, 
metal or raliatlon expoam,, 


