
7 2  1665 

.. , 

Aa agreed 'Jpsn 3;t Lie a e t h g  at &it! 3, hrgonne k t i o n a l  Labor- 
atcny 011 Juue &* I am a e z d h g  you .this brief report on the orgmirat ioa 
of the healtb and biologioal p ropan  s i t  the  Laboratory, OD our rrsponri- 
b i l i t i a e  in t h i s  f i e l d  ea I sea them, on the basio philosophy behind our 
biallogioal researoh operations, the  proyam organiratioo of t he  blologioal 
researoh divirian by "diso ipl ine ,"  a l i n t  o f  ourrent researoh problsms, 
Md a brief rtatemont of the researoh program f o r  the mdioal, health 
phyrio6, and biologloal r6searoh d i ~ i r i o n 8 ~  

~8 you remember, the  d e m d  for  the health a d  biologiaal rerearoh 
program originated with tho throretloal p h p i o i r t r  in the ninter o f  19I+&ae 
A8 they beouna oonvinoed t h a t  the ohain reaotion would bo 8U00@8lf~l, they 
uecm deeply oonoerned mer the  obviour radioaotlve hatatdo L3oofvod fn 
euoR an operation when oarr led on at the earential  high paner l e ~ e l s ~  A8 
a rlmrult the Laboratory organized a health divirica, and t h e  preamt 
medloal, health phyeioe nnd blologioal researoh d i ~ l r i a n s  reprerent the 
evolution of this over-all grogram during the past fits yeareo 

Thn health problems in the routice operations of t he  Laboratory 
am obvious but v i t a l o  
employment, routine and rev~ranoe health e ~ a a a t i o n s  and +he riormal 
iirrit a i d  and eiqioyae health rervioe aa t iv i t i o r ,  there are tne whole 
f i e l d  of new problem cruperposad due to L\e f l iot  Uiat almst 011 phaier 
of t he  Iaboretorjl oparrtion lnvolva radioaotivo z z t a r h l  a or  rsdistiw 
~ O W O S S .  Thais ra'diotionr run,ths gamt f?oa the  sol"':;.et of x-ray6 to  
the hardest, of g a m a ,  and they inalude bota e l d  a l p h  m i t t a r s  and 
Lotti slow w.d fa33 adutrone. TI% rules f a r  cno speoios of radioaotire 
rateriol clay d i f f : r  widely from snoCl5cr of si2J.isr ra,i:cootive oharno'ier 
beoerusr OS ' J i t s l  ;oa+d5olic di l fercxt -a ,  Tiie i i ~ & i ' d  s imat ian  one of 
trenwdocs om+le:z;;ity but .Lie acal th  asrrioos zus t  bo prepared t o  guard 
against drilruga fron unp or 2\11 sf than  arid m5t ba ixosHr3-3 t o  a o t  
s;if ' tly in SBSQ an aooidczt dsoe 3acur.  E P J ~  t i z 9  uorrzl  i-xalth samioes  
rjf leot  this  situation a i i o 3  ph;?:oal csaminatia?s zmt ei'elute suaoep- 
t i b i l i f y  to passlSle r n d i z t i a n  dr,mge cnd rimt eotabl i3h a o?aar reoord 
against wbioii fukuro ~ 1 z . t ~ ~  o r  such d o z g o  a m  be JuCGed. E ~ r r y  r'or,uoot 
f o r  mdioal  %tten",ion L I ' * C ~  be om3idered Prom the rn2iation hazard v i w -  

In a d d i t l a  to tile customary usdioal pr lblem of 

. 



The health protsoJ:iin OrganiZ&tfOn l a  divided Into a msdioal and 
a herilth physioe divlrlon, corms?ondir.g to the modioal and  bioohrmio.1 
phase6 of the work and to its p'xely phyrioal aspeot8. 
s l o n  iprker all blood w i n s  m d  2eoe.l sn~lysr50 
oon t t iu lng  rooord of the blood plotura of the body aontent o f  tox io  
mter: la l r  (suoh 3s plutoaiun, urmium, bsryl l lm,  eta.) and of liver and 
kidney fmotion fo r  oaoh individual sxpoaod t o  rad iu t im or toxlo rntarl- 
ale. h hand atud.3 reaord 1 3  also kopt on eaoh psrsm expored t o  radlatlca, 
the oirplllary and f inger  p r i n t  ridge pioture furnlrhhg a 80n8itiVO test 
.f radiation damge. 
b.r&iations and f o r  -%ha enployce health.rervios. 
HbXw l e a a t ,  it i s  the responsibil i ty of tho mdioal dlvlrlon, kr oonrul- ta' 

bk-1 w i t h  
estab-*sh t h e  coda of "pei-miasible" l r r c l r  I?i*. radiation eqoaure,  for 
"PQrmlr ?blow body oontant of radioaotioe 01' ';o:cio a t o r i a l 3 ,  and tho  
a 6 J 0 0 i * h r  "p:r&oslble" lQTelS  of  of airb0i-m iuardous Z'.ke:-iaL8, 
surfwe Y"Lt-&mka\ion8, e t o o  

The medloal d i d -  
These analyrrs form a 

This dlvi i icn I s  a l so  reeponslble f o r  the mdlorl  
k b a l l y ,  but by no 

:ioaLth physloe and the bio log ios l  resoaroh div is imr ,  t o  



In ottenpting to ii.isohufg9 the above dutier it imediately 
b e a m  apparent at tho autue? thA: 'he  &̂a. and mdoratanding of  the 
phamn.rna needed t o  irika Z C Z B  :.!ma hapeful euesses was laokingo 
tlie sn:suing f l te  years m ~ c n  $has barn l e ~ r r a d  and in aome oases fa ir ly  
intel1:tgmt deoloimr  r e p l a m  z a r i i ~ r  guasse8. 
hoWWer, largely mesxplorod a n d  only Tnguelg mderatood i n  rprelatrd 
spats .  Opsrntbg heal th  safety dsrddr ,  aantiiiubg vigorour researoh 
and hopo f a r  tnerapy in t h e  OCSQ or" aooident or war lies almost ontirely 
In suoti a well aonooivod and v i z o r o u d y  procaoukeed rosaaroh p r o w o  

During 

Tho f i e l d  l a  st i l l ,  
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T h a  logioel a s o r  t o  tho p..oaecu‘;im of  a t.o?zil var a o e w  
to me to k e  biologioal sarlarc n o t  “atoa boas." Eera, a g a t i ,  hmevei., 
radiobiology m y  f m i s h  o b y  to the proelrotion of  IMY n,w BIT ¶gentss 
This should be axplored psrtioulsrly from t ae  point of view of the 
pors ib i l i t ies  of thi m e  of pi10 irradiation in th!q oonmotion. 

The progrsm ln biological rsssrroh u t  the Arg31~?’3 xational 
Laboratory is based on ’chin v i e z  of o u r  ~3nponsibi l i t le6,  
beein my f ee l i cg  t l t o t  tile i?ves.tigations outl fned zero too i q o h a n t  
t o  trust to  some outsid. egmOy’8 possible oontinuing h t s re s t  ar a 
,-rantee of vitally no,s3c? b o ~ l c i S %  
coagletely L~Lcijratod pi .=Emm is ?swri<i:l a t  so- one or more looa- 
tions. 1Xhr phecowna ai’s 3c;;r;,l3x cr.d truly oonparable results by 
differing disoiplines aPa ;:srd t o  &+sino 
philosophy of t h e  biolodz livlsioa %kit then 
up it i s  oateblished and 2oimU.rjd €.or a l l  of the dicoipl.iner* ?aoh obtninr 
i t a  rmsultr on Lh Sam g o u p  of o h l s  ao that their results are oompletcly 
oomparable. m o t h e r  point  of  baaio 2Nlosophy arguer for an integrated 
program, tha t  1s *..at in eaah diroidline the results obtained should be 
gottan on a s t r i o t l y  qvsn.r;:t+ativo - or as nearly a true quantitative basis 
as possible* 
of nen and hig&ly son~i‘iivo taohnSqu3a and instrunenta. 
rdvunaea In techniquor a n d  Lnetrumnta o m  be shared; others OM be 
nod!Uled for use from one disciplF!w t o  snother. The effiolenoy of 
hvilng a qualified group engaged Fn t h i s  type of dovelopmsntal work 
w i t h  a l l  o f  t h e  disolpllnea in mind is nuoh greater than xhete suah 
work i s  done for 3u.t one or tu0 s p o i o l  fleldso 

C)rgmizatlon of aioloGioal Division bg Disoipiinea 

lo Biooh s i a a  Stxdicr  cf ;athogsnosis o f  very oarly m i -  
t‘estations c + raala4 on dc.,=go of ~ii?nl or  plant o d l s  acll for the 
appllostlon of smsiti-;a and quantieati~a ?hys:oal acd ?k~sioc.-aheZdoal 
cathods of k v e  stigatioa. 

It has 

In oddition 1 believe a 

It has bson a baaio point of 
Mhd o:iperimglt i s  ret 

% h i s  has oalled and i s  o a i l h g  for &n extensive develop-t 
bimy of there 

It ray be presullod that nir?;&e LTd s: i>tla ohe?.%os ccci?lr in ‘&a 
physioal ma ~!@.oo-chcmionl oonstlfuon:s 01’ 3911s Tol l cAng  6:qosurvo 
These aro not dektcat6ble w i t h  the orclinci.;r . ~ k t : - ~ . ? u  of . - . = : t s ~ ~ x s x m t  o u r t a r t l y  
erglsjred. 

mte1.y demands an erplulstt im in bioohbmioal tam. Eo mthods of m e r e -  
l u g  thaae eltarutians o e n  be ra t icusi ly  dmwlopad =.lass 2 x s e  biochcmicel 
OxplC~tIti0~3 a r e  owiilab?eo 
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Studies of  the gmeral  mtebolitm o f  tn jeotod  nad k g o s t s d  
rsdioaotive elemonfa nr3 of l q o r t m o e ,  fo r  olosely relate4 t o  .this 
ern problem of aooolemtbg exaretian of U s s o  n te r io l r  OEOS they i~avo 
gained entranoe into the orgaulsnr eithsr by inhalation, ingestion, or 
wound oonfwcinrtiono 

3e P si010 TWxcsIva and aarbful studier cf phyaiologio 
a t o o r i m l i t i e & d % y  erkeraal irradiation afo  orauntial f o r  en in- 
t e l l l g e n t  interpretatioa of +Ae a o q l a x  pioture of radlstios dlsease 
and ~oomplemmtary t o  the studisa performed by other groupa. 

The oo3vmtioaal types of ph-ploal and obemioal maaurenmntr 
amUable  t o  phyio logis t s  are of great halp f o r  a be t t e r  wideratanding 
of' t k v  patholagio pkysiology of t h e  aouts, sublacute, and ohraafo phaner 
of rsidiation injury. 

Tho inveatigatian of oar- and siro*datory funotton, l i v e r  and 
kidney fmotim, blood, urine and feces shiplatry A- exanplea of modes 

Inteimity are  problems i+i;iioh dsod alcoidatisn and interpretation in  
physiiologioal torma. Suaoorsiul  therape..rtio maswoo to be -ea in 
ome of aooidsnts w l l l  largely depend upon prcgress =de in th ia  f ie ld,  

of hpUiry. Thr depad030e  o f  aortain Of hjw Upm &6@ m d  

Suoh inveatlgaticns 5. order t o  5a of s i y i f i o a n c s  Loron a t m i o o -  
logical point  of v i m  cusk neoessarily 58 oarried out on starfat ioal ly  
rlgnificant numberr of a ' z z d s  and f o r  "une oorrro'c interpr3A&tlan in  
term of human "toloraaods0 oil ZiPfaro.?t aniYPl speaioi. 
in this my roios n w r a u s  quastima as to the pathogenesis of oer%din 
losionir and they stlmln",!, in-rostipti-re cork oanoerning oertain isolated 
phsnoniona obsorvod In *-a ocucse of svoh studies.  
baokground for ressaroh diraotiy cpplioablo to the problems of health 
proteatian In the 3888 aP :ray aew health hcarae ,  whioh mFgM otherwise 
not be notioada 

R~sults obtained 

They provfdo A valrzabls 



__ 
Unweisiry of Calllornla at San Franclsco 
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The work on %!e hemorrhagio f n o t o t  or fautora i r a  radiation siak- 
ILBII, f o r  instanoe, is sn important aspmot of the ;.cork In th is  group. 
S t  is aonoeivable that -220 suooosaful crluciZnt1oa of tiiooe rsohaniama 
m i g t  zmteriolly brighten OUT proryeotr f sdz  M effsotiva therapy of this 
phase o f  radiatior disaoseo 

Erperir.ettr rjn v.1rious booteriolozioal and irp'aologioal. aspeots 
4re also of considorable iqar taroe  i i  v i m  of t h  profoouad al torat ioas  
LCI the hemrtopoiotia sj'st~r. flouoo2enia) ?ro+Josd by irradiation and the 
relntidnship o f  thio g y s t m !  ^.o .-a3ia+Anoe to Loateriel infeotim end 
home t o  euf.vivalo 

i n J U r i O U 8  agents pna 1% is J ~ 2 r o b l e  that varioua abnoka l i t i e r  pro&ed 
by irnrdhticn be studlei  5;. ray of  the well - luow stanrbrd hlstologio 
rvaining teoklques m.2 tbt Saaae be oos~lrrod and broadened by the  
applioation of the 3ore recertly dwdoped and established oytoohendoal 
priooedure II 

i .  
.!f 8 
E 3  p =  

a. 
'E 

4 j 3 

$i 

Iii 
lt is we objcot i ts  of tbrm l n v e o t l ~ t l a a a  to obvPaoo Prom ti! 

% i  men deroripti tn of abnormlitiea to the interpntatioa of ruoh aboolc 
mlities by developing t l i f s  md@ of approaoh rad by oombkrbg it w i t h  

' miorosoopy, ul t raviolet  t h o r p  tim and rpeotrophotomtry, t i reue oulturr 
ami motia-piature photoyqky,  and radloautographyo 

other nvthodo Of hquiryg e.&*. s l e o t T ~ 4 0 r O r o o p y ,  phaa+oa&Mf 

3 .9 
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I t  i s  altogether oonoeivable that . m y  iuaportwt ~ n y e i o l o g i o ~ l  
ohangees observed oftor irmdiatiao are due prliinarily t o  snrll ohanges 
in the genetic complex of tne o e l l o  
wXL1 inolude ocnsiddration of t;aaotio affeots produoed by irradiationo 
Of special inportanae 3111 be t ie  gemral problem of r a s o l x t i a  of 
purely ofloplasmio and prinaa,-ily nuoLrar offoots and the sxtttent to whioh 
thsso are intarrolatedo 

is m e  of * d n e r a b l c  to redietion. me raasons for this are 
rrhdly obscure. 
poietio aptem mnd of t.m nxhzaims i n v o l n d  in theso effeoka w i l l  be 
oontinued vigorously. 
out, in this f i e l d  m y  cell nsl;, ';o provide an rrmderste~ding of' som of 

ble f o r  study and Paa a e l l 6  o m  a3 profitably be subjected to variour 
oytoohamioal, phyriologio91 , o r  bioohomioal mthodr of investigation 
a8 t h e  o o l l e  of tha blood. 

Thersfora, the oollular studiea 

7* S c ~ ~ t o l o g  It is ?tal1 hm &khat tho hezstopolstio system 

Th. study of L:S e f fao t s  of irradiation on tho hemto- 

1% La ?:*&?able that imnghativs rasearoh oarriod 

these mohanisnu, for tho colla of no other or- are 89  easily a0088Si- 

i%rthermora, h e ~ t o l o g l a e l  oboe.-wtions are indfspcnrable adjmotr 
in $my study of oobie or  ohroaio chemioal and radioaotita toxiolty and 
B strong h m t o l o g i o a l  sarvioo groxp w i l l  have t o  be mskrklned for this 

ae 'law nrcmbsrs +4 o a skiff ail1 be trainad in  traoor end radiobiologioal 
rea3sroh mothod8 cad in other ro~ecroh t e o h i q w a  pOOuliar t o  tho Labon- 
tor;gts biologiaal inms'-,iEa.t;icars, 

;~uFpO10 alone0 

eo l r s l n b  Pclrsorfiol tsugorarily a t  the Laboratory as well 
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not Y radioaotive hazard, howover, it i o  a oomparatively n m  rubstanoe 
from the Laboratory and indwt r l a l  points o f  view and roquirer muoh 
invert.i&ation before i t a  hazard t o  hunnnn i 8  uoourately assossed.) 

Inherent in this program is the dotondnat lm of the sxoretion 

'York ;ath lmsr .mmnlr 13 useful kr a 
r a t e  of there  materials sinoe t h i s  faator  must be l a m a h . \  in any e s t i s t i o n  
of thr amount fixed in the Body. 
prelixdnary approsimtion of the o h r n i o  exaretion ra te  in h u m s ,  hmsvsr, 
ne with  plutonium, it is assantial  t o  ~05t;ally determine t t b 8  sxoretion rate 
i n  hunMu* In oonasqcwca, m r k  ia pcrtienOs other radio-isotopes 
rill tnve to be ~ Z ~ r t a k m  fi.33 ti;pJ t o  time in the futureo 

has been the poss &cr.-:iz&i;ir;rt,i*P of wounds with radioaotivb untoriala. 
The possibi l i ty  of bt:aCC;;llca of h n r N  o r  f a t a l  amounts i n t o  t h e  body by 
t h i s  means with W g e  t o  k2.a Lwiividual hV017ed, 1ms been a posr ibi l i ty  of 
grave oonorrn t o  tho liedch Dirtaions of tho  various inetal la t ionro 
ly, P program here har b f a  u;r.lds*ekca t o  osness the likelihood of woad oon- 
taminirtion, t o  determine t;;?e = u s  of 3ound doomtamination and t o  determine 
the  boot mano for the  troaerent o f  ;uounds omtaminated with radioadtive 
materirlro T h i n  program, t o  &to, hos been carr ied out on a small r o a l e  due 
t o  lacik of aultable personnel and speoe. lioM.rrer, it ha8 been determined in 
a prel-imiaary way tk.t in the oase of plutonium (here, our mort roriour 
haur t l )  it i r  bound w i t h  o x t n o r d b a r y  rapidity t o  tho surfaoe o? t h o  naxud 
10 tbrrt it ournot bo waahod out of the wound with any useable agent yet teated, 
and that f i f ty  per  o a t  transport t o  the rest of the body (liver and boner) 
taker plaoe In approxinately 2b houre. Consequently, it would appeu that 
t he  ntruad problem is a seriou8 one and desemer further invest ig . f imo Also, 
the problem should ba extended t o  the investiptlar of other radiorot i t .  
iootoper, par t ioular ly  wanid33 and some of the repreemtativo isotope8 
produoed in the  p i l e  or In f l a a i m .  

time our only mans f o r  W-darage dua t o  radiation8 or the 
depo8:kion of rodioaotive m r t o r l d r  In tlre body i r  through blood ootort deter- 
~ ~ i n a t f a ~ r ~  
arm a t  onoe non-qeoi i io  and i n 8 m s i t i ~ .  Coamqwt ly ,  the than Mstdlurgloll 
Laboriutory fe l t  'ttut it was neoesaaay t o  searoh f o r  OKxr bioohenloal reaOtlOnr 
ooourring in the body of t h e  i r radiated person nhiah vcdld  Sc more SjnsItiVo 
and mro speoific. The bioohemloal group ha3 oonosmcd its31f w i t h  a o ~ r o h  
fo r  these tes ta .  
Hamever, hsoause of &he seriousneas of %;:e poblen vi2 haw Zolt that the 
sooro:h should coE%inus a i d  t!ux'c a l l  ixo!!!isLrg leads should tra investigatedo 

20 1 ound a~ti.a*. :L S J o r  aonoorn a t  t h i n  snd other krstpllation8 0 
4 4  ' 

Cmsequat- 

'p 
i 

3. Biochemical Investigations Pradtioally speaking, at the prsnent 

It has boon rsoo@red f o r  -y years b h t  these determinationr 

To date none has appcored Vihioh 9fL"srs gzsnt prOaisee 
4 
% 

Sines othor toxio, non-rudioaoti-re mterials w e  i m s a e d  by the 
Laboratory suoh as bary l l im,  and siacs the c l in ica l  problzn involved is 
not wall mdarstood it is f9lt  .UL%': %e Hork of t h i o  group aould l eg i t i -  
nately be extended t o  Yie soaroh f o r  bioeballdoal alteration8 foil-g 
expoaure t o  * h ~ s b  oatcrfrrls. In conscqumoe, work along these l ines  has 
baen done and it i s  cxpeoted vi11 oolt inuo in the  future0 

e 
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Skin Studies The problen: of Zeteoting esr ly  hnmge t o  
the akin is a t  the present t h  an uarolved prDblern. The current o l l n i o a l  
oritsria nerve, eS36lltlally, only to duteat &!ga  after it i s  well ertab- 
l i a h e d  arid probably irreversible. Consequently, a progrm looking f o r  more 
smritioe oriteri .  of tarage to tho akin VAS mddrrtaka a t  this Laboratoryo 
In b r i e f ,  tho o r i t e r h  which nere f e l t  t o  be of  promise and *ioh have besn 
hv8atigated were: 

1) Alterations in "ne f fnpr  ridge patterns, and 

2) alteration8 in t:ta aapillary pattorns of the nail foldoo 

This program has been oarrlod O n  f a r  tho  post throe years m d  vrill be oarrled 
on in the future, aoaordhg to p r o s a t  plvroo 

Xealth-Physior Division 

10 Continuous A i r  Canitorlng System h e  of the mort aoute 
inmodlrrto problems. 
sampling laboratory air  t o  deteot and oontinuously indloate the level of 
long~litved Irotope, f o r  instsnoe Pu, oonosntration above the  'natural aot ivi ty  
due t o  the daughters of  radon and thoron. 
l ived nlrmsntr rmke ths ?roblorn quite d i f f iou l t  3Lioe their oonosntratioa 
may retrdily be tan or more t i m s  that of tne long-lived elommt #ought. 
Work hais been started i n  ool labora5ia  with Shonka and Bradley in the 
Inrtrunlent Division. 

This oomprlsae a oorplete system fo r  oontlnuourly 

Those natural ly  ooourrkrg short- 

Quartz-fiber Yleotroiwtcrs a:id Uoctrosoo;es 2any improve- 
msnts a re  p o s s i c h  and o c r t a b  typos of f n s t r ~ ~ a 1 t 3  sra sauzely needed t o  
which these d o v i o ~ s ,  whlah are and o a n  be the isxiat r s l iub lo  02 all, are  
direct ly  applicable or  the s i q l e s t  and m r t  escnoaioal solutien. T h i s  
inoluCer faot noutrons f o r  whioh we a8 yet h - ~ s  do rea l ly  raLidaotory 
instnunant, si0.n zx&rma, aid beta rap .  For 3:e l?.%cr ,=?a imsdlato 
solutian i s  oTCi&at, but the working mGds 31.3 ~ 3 %  o c r ~ l ; ~ ~ ,  inoludiiig 
detaonable smll ohnbers for monitoring NngeiOso 

' 

3e Condenuer ion Cis&err Izpmvennnts in tna ilywson Pooket 
Maters &ire rim being rcaae vhich ==Stop JFsoilarp8 due t o  dropplng or shooko 
The development of smll omdenser onsmbers f o r  finger or  local noaltoring is 
under oms ide ra t iono  



L. ?'Urn i h i t o r l n n g  An invastlgatioa of q e o i a l  oozpound 
fi lters for f i l m  badger t o  reno- the rorninlng error due to  the VAVO- 
lerigth dependmoe of f i ln  used In persmnel badgaa whioh are mder re- 
Gsuigpna Part of this invet3tigatim is =der &?aye 

60 ?hit :!nutrona Covdopran?i o f  a auitablo prossum ian 
obanber for USQ =q=aeediber oleotrosoopes eo mad in term o f  rem 
o r  t o t a l  wdamge." This cmrk i a  part;iPlly ooqdete  but awaits p e r a w l  
and f a o i l i t i e s o  

Bo. Bruth or Expired A i r  LIeorummmbr (a) A method for 
;ruBi#ufe~t of the ionization ol Oxpired air t o  ddermlne the l m g  ooooa-  
trai;lorr of 8n individual "i?lfootedm with UI alpha omittero (b) A rhple ,  
qulok, rellablo ryrtem for maaruriag tho bruath radon omtanto 

9., An ultrorawit loe  prsssuro ion chamber arrangement to  a e r y  
t o t a d  body oontent of' a gama n y  esi%toro 
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Fnsltt Altaration of organ fmotim by r a d i a t l a .  Cardio- 
mooular, ki-, liver, endoorhe, &lao Wfeot of tunponipture on effeot 
of i r r a d i a t i a o  

Bruer - Liooo - U l e n  - (Rurrorrr) C h r o n i ~  toxioity [tumor inoidenoe, 
anaemia, l e & e ~ ~ ) .  Sr-, i'u-m, ~ 4 1 ,  P-32, (c-U+) f o r  statietioal d w -  
tion of delayed response and lnvost i ; ;crt ima of ?atliogo;lcsia of these abnornmli- 
t i e s .  Studies of quentitatiW rclctiunship between 60050, o!laraoter of aotian, 
ti= of appeamoe ( f o r  poaslble s:5zrr?olatior. from miml to a). 
oozrqcirative purposes total body x-=d{Ltion is toin8 invostigrrtedo 

&%r 

&&oad;s (flopn) Loo& d f 3 o t s  of h-239 Introdwed =der akla - 
how does ra mot v i t j  oamge responde t o  looal i d b u m t i o n  (Y+1 and Ra - 
alpha m0 beta oontrol). Propaad oy-toohamloal teohulquoo (demnrtratloa of 
mzynia aot iv i ty  (phospPataao nucloio eo id  s-kalns). 

Powers Irradiation ggn&lor - paranneoiun - nuoldo  aold (P-32 
trsoer a t u d i ' ~ & ~ b o l i r n ,  grow% oharaoteristios - tissue oulturo atudlaso 

Jaoobron Methods of isloroaalng radio re818tauoo to irradlatim 
of oel lr  nonmlly nry asnrlti+e - partioipation in other qerimaata. 

Program for 1948 

I 

Medial Dlvlaian 

10 -103-tO8 hdlth EeTViOe reqanrlble  for the peifo-00 
of the routine p'uyaioal and x-ray 07&minatloias on i l l  h d i v i d u a l a  employmd 
by t b a  Projsot. T b s e  am dmo a t  infemls r?esiguted by tho Dimotor ot 
the Dlr ia ion .  & addition, a l l  ooouprrtimrl illnesses or Injuries arm treated 
by thie  organltatioao 
to GOID a l l  111n03t!er, regwileas of their  pi .ohblo  origln, on Projeot pereonnelo 
This jpolioy mat be oontinrud olnoe new or uneuopooted s o q . a t i o n r l  l l l n e r u a  
o m  mily Se dioooysred ti the worker feela fmo t o  v io i t  tila Smployesa Health 

by ps;rt-tLi phpiolanr through M arrmprne32 wiAA tho UnioersiCy of Chioagoo 
I t  ie rooomended by thir'offloo that a full ti- 3taff be h b o d  for the 
Argmie Hationax fmbo.mtory durlng the abovs f i 3 o a l  yearo This m o m m d r -  
t i c m  la m& beoauss it is fult that  +A0 mov3 t o  tha aew allyip will probably 
toke jdaoa during the f iaodi  year 19&!-&. 
ova +full tims staff t r d s o d  m d  opara^,lng amothly before that mvo. 

In addition, it has bow t h e  policy of the Laboratory 

SelepicDe for m y  d l a b l l i t y .  A t  ptOs6nt kiic Ziialoyeos F h l t h  S e w 0  h strffrd 

It would be :;oil to have our 



i e 



Proposed aork 5noludse: a s p t o r a t i o  study of t he  E:-foots of 
radiahian on the  cmdoor'he system, the output of the  heart d t e r  Irradia- 
tion, and the effeatr on it of therspeutlo agwto, etoo 

ti:e blood aad of t ne  dafensea u p b a t  i;?feoticno 

investigated, aa  io11 as t!!e 2nd ?roduotr of pigment irstabollan from red 
blood o a l l  destruotiosl. 
t h o  responses of blood o d l u  iind3r Otra88, ithiah appears t o  how t he  un- 
expeoted resul t  t ha t  ~ l l ?   LE? s t ress  ara  lass  eonsitire t o  radiation than 
the aamb oal ls  in "ine a o i - . J  &as?. 
t h o  near futurm inoluda %a tola5ivo rapcnses o f  oe l l r  aubjeoted t o  external 
end ( l o o a l i ~ s d )  internL.1 F?r+diation, b e  xsaning of t h e  suooosslve orlres 
and reooveries in blood m l l  r~spons~, and tiis blood roaponse of oold-blooded 
animelro The re lat loa of  tr-a blood ohangcs t o  suso3ptIbility t o  lnfeotion 
will a lso  be mde the aubjeot of s ~ J Y o  

20 Ufzsctr of i r n d i s t l a i  on tho struotue and frnotions of 

The radiation aensltiviey of blood oolls has bsen oarefully 

The SiQSGZit  SO& i s  dlrcoted toward B atudy Of 

Problems t o  be hTf38tigatQd further in 

3. Aouto taxha effeofr o f  external radiation md abrorbed 
radicuotlve rubsbnoor t Their meohanism, prevention and treaPtmsnto 

In 8ddltlan t o  %e problonu diooussed elsewhere, atudior on the 
posrible role of hlrtonine and other oubotaaoer from t i r s u e  are being om- 
tinuod t o  nettle the question of gemera1 t laeue breakdoun as a faofor in 
&&e irdiation reqonre. 

oultured tissue oel ls ,  and singlo-celled organlam. 
4. Responso to various types o f  r ad la t lm  of blood oelli ,  

A t t q t s  a re  boing mde t o  oarify delayed death of  irradiated 
ThO oellis ia oulture and to oogar s  blood and t iesue 0011 responaee, 

poasible f ixat ion of 0-14 in t i e rue  ucder 7apjing oondltlons of  growth 
l e  beinp, studiedo fnvestlgrrtlm of the &anstic ohanps m l o h  ooow in 
unlosl lular  organisms, in re la t ion t o  tho t y p o  of  radlntior, a td  speoiflo 
ion iza t im is underway. 

fbr future xork lnolude a &d:~5isi atL?iy or" i n s  nature and 
sequ-ca of ohmgrs e i o h  O O O ~  in i 3 0 b . t 3 d  ::L~s 0:' h!.,.i3r & % M s ,  observed 
aillio:*ooaopically, o h s n i o a l l y ,  and by m:p.ncI ol 5 iz claoz?cr?. 2:oaTSOQpBe 

5 0  C!iror.io e f fec t s  or' i.s.oinLirn aiii r?dioa&im mtsriala b 
aninnl s 

Mark in t l i i a  acltccgory 1106 berm in prograacl Po? about three yoPrsJ 
In addition t o  Infoira-iAon %bout fission p:*oduc'Gr =LLd plutGaiun, OOm, 
studies have barn mc?~ ti ihc  effeots  of 'ihoso e lemnts  rn grosrt;tr and 
of 15rW-h on the ras;1;riso 02 thc3e 0loxera';a. i;ew a d  i n p o r b n t  ?powledgs 
hoa been obtahed  at?$; F . o t i O n S  oL' IihdiU%, a14;;hou$I t h i s  slomrr;'G h a s  Doen 
the subjaot of oonsidcrabla ztudy 5n t h o  p a s t o  

I 

. .  
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9. Absorption, dq?3sitiOII and e l h b a t i a n  of rndioaotive 
t#lerirsnts from tho boQ. 

These studios were a major part of a 0  wartime effort of the 



.. 

e 

10. b s i g  m d  standardization of instruo?snta to  carry out 
the fO?egQh$. 

TIVa i 8  O f i e l d  Whioh Will alvfays play L V O Z t a n t  part h the 
p w 8 u i t  of' blophysioal studlea 0 8  outlioed above. Almost a l l  of the.fieldn 
of work holuded here inmloe the w e  of highly sprdializad apparatur, mbh 
of whioh must bo dotslope& 

\ 
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Report Of the 23-24 Januarg 1947 
Interim Medical Conmitt. 

United States A t d c  Ensr 

1. Revlow and Scope of the Uedical ~e 

A. Since the inception of the C 
research program aimed a t  the dlag 
t o  the development of atanic eneqy 

body exposure t o  radiations emitted by va& 
during the experimental or pr0cessir.g operab. 
toxici ty  or localized radiation fm such matar& 

4 include tho80 i d u d . O U S  e f fec ts  pmducc 3 

a 
3 

r o t o r  of 
9 ,  1946 
(r aQ- 

Here 

T- 
't 

body. 

Considerable p re l ldna ry  or pi lo t  experimental '. 

t i on  have been determined experfmentally; 
prolonged chronic radiation exposure ham 

materials i n t o  tho body have been par t i a l ly  dsaonstnted. 
studies havo boa  usehil i n ' t h e  estimation of nmdmum d o w a b l e  oqoarrs 
levels of radiation or t d c  materials t o  which per80~01 O a n  be s a f e  
exposed f o r  a period of t h ,  and the control of such hazards by tho 
prevbntlon of such exposures. Sucb standards wem designed for w a r  t h e  
expediency and am not necessarily applicable t o  peace t b .  

Such pi lot  

W e  the above information haa barn extremeQ useful in t h i o  '' d ' ,//' 1 i t  
9 8 

work, i t  immsdiatdly beronres obViaU8 t h a t  maw c r i t i c a l  problems of far 
reachlng rcope r d n  t o  be solved. Information concerning the method 
of produetion of these injurlaus e f fec t s  in body t issues  is almost tun- 
p l a t e 4  lacking. 
devulopmsnt of radiatim Injuries. No therapeutic ineaoures are at hand 
t o  urn fOllarrfng accidental injury due t o  radiation or  radioactive 
makrlals. Such plpblema re la te  t o  the futxhrantal nature of living 
matter and demand the careful and continued at tent ian of canp ten t ly  
t r a h e d  s c i e a t i s t r  . 

No methods are  available which mlght stop or &lay t h e  

B. The f'ollowlng list indicates br ief ly  the surver of the general 
4 studies on radiation effecta. 
8 

1 
9 

The knmn radiations encauntered In nuclear flssion, as men ab 

alpha rap, beta reye, ganune ray8 Md 
The Utera tu re  on the  blologcri l  effeots of x-rays and gamna 

those encountered Iran haturally rodloactive substances divide t h e w  
salver i n t o  the follodng t y p e :  
neutrons. 
rays is voluminous and a good deal of background M o m t i o n  was obt-d 
from this 8ource. 
the hiologfcal effects of alpha rays, beta rays and neutrons. 
necese.~p, therefom, t o  i n i t i a t e  studieg t Q  Cop w i t h  the Unique and 
pressing problems as rapidly as possible. 

On the other hand, v e q  U t t l e  had been written about 
It became 



The report of the  ?fedloel A d v i m  Camnittee t o  the Dlxeotor of 
the ?hdical Division of %!anhattan bgloeer District of Saptsniber 9,  1946 
contained the following stnmmrf of the  problems and t he  methods of ap- 
proacbi being ueed up t o  the yreaent, 

1. The Fbyaical Heasurement of Radiation of Variouo m a .  Here 
it was and s t i l l  is neceemry t o  develop better method8 o? a o o m t e l y  
mceruring and standardizing th6 dosage of radiation In  tvo v i t a l l y  lmpor- 
ten t  areas (1) the nwasuramnt of the extent of aw r a a i e t l m  vhioh m i g h t  
be found in an industr ia l  aroa end (2) in the blologiaal experinrmtatioa. 

‘ t e r i o w  effect of radiation on the  animal orpniam, it beocnaee aeoeeaary 
t o  determine the effeot  of controlled dosagea o f  the tarioue typbr of 
rsdfat:toa on various a n h l  end ptant apecieo, llurluding marine life. 
Suoh ol~servatioae aan be uaed in the o w t r o l  of poeoible human erpoaure 
and hare pract ical  u0e i n  ineillco-legal problem ar le ing fmm oonttnnlnatlon 
by e#l.uenta. 

are given below. Only p i lo t  etudiee have been done OIL moat o? these offsoto.  

’ 
2. The Biologio Hfeo t s  of Radiation. Eeceuoe of the knm dele- 

I 

Some of the tgpea of biological e i reote  it i r  pooai’ble t o  rtudy 

a. The eunival  tm or  percentage reduction In aamadl l l fe  

b. The gewt io  effeato of radiation aa manifested in the de- 
velopmeat of abnormal indiolduale from changes in  the heredity msohaaiom. 

c. Histopathological ohangsr ar demonstrated by abmrnml ohanger 
l a  the makeup of the tariouo body tieeuee. 

Phpiologioal  ahanger produoeA by the a l te ra t ion  of the nor- 
m a l  fumtioning of l i v l s q  tinsues following Irradiation. 

e. Blochmloal anb e m p m t i o  diattwbatmer vhich are the poten- 
t i e l  aoLwceB of tho& phfoiological ablporptelties. 

3. ?&thodB f o r  the Detection o? MinfmEIl Redlettion lkmage are  be- 
developed di rec t ly  fram experhenta of the above type8 a d  are  applled t o  
the study of tho human individual. Theee lnclude studlea on: 

’a 1 
apan of dll ferent  animal and plant epeaiee folloving a given dooe. 

d.  

c 

f i 
a 
a 

a. Biochemical end errzymatic chsoger vhioh m y  ba &teated and 
which, if moaeurable, can be corrected before lrreveralble b g e  baa taken 
place. 
porphyriae, excretion of abnormal eubetcnoes in the urine, and the like. 

Zxamplos of such ahnngee woulbbe eifooto on the  wtabol lun of o o m -  ’ 
b. It has been lmavrr that radiation depreoara tho iuPatian ob 

the hematopoistia rnyetsm (bone marrw, 1Jmph nodea, eta . )  and betailed 8ttlAy 
is lndlcrsted t o  detaot e a r 4  chsngern under oontrollsd &re radiat ion with a l l  
blood elomeate under continuourn observation. 

- 2 -  
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E. The production of anatomical changes suoh a s  epilation, 
skirr eqthama, and alteratloria in the integri ty  of t h e  skin and the like, 
muat l ikmiee  be studied under controlled doeage, 

clude : 
.Ir. Method8 f o r  the Preventleu of Radiation In jur lee.  These in- 

a. Methods of phyQical detection o? extarnal radlat loa by the ' a e v e l o ~ 8 n t  of seuaitioe direct  reading lnetruments oapable of the dsteo- 
t i o a  of rsmounts of radiation vel1 below tboee neoeasaq ?or dsnroastrable 
injury tis the animal o r  human subjects. 

b. Method8 far the  dotermimtion of harmful amount8 of radio- 
'active diiets and gama in a i r ,  in vater  and In body tieauer. Mew radio- 
active rmateriale are demsitcd In the body, lllm radium, sad in auch loor- 
t ione produce injury t o  tlseue, p a r t i c u l e r l ~  t h e  bone mrrow. Msthoda 
based om the determinetian of daageroua amolmte of them subetawee by 811- 
antinetion of the excreta and dlreot meaeurenrsnts of the b o b  i t s e l f  a re  
f i r e t  developed in animals and then epplled t o  human beingo. 

ing agalilst radioactive metoriala (2) the efficienoy of exhaust and ventil-  
a t ing  eyotsnur aga lmt  dangeroar a m ~ i t o  of duets (3) the developmad of pro- 
tect ive olothlng and devices and (4) the developaant of remote control pro- 
ceasing rnethodb have boon extremely lmportant la the EhPhettan Dlstr lot  m- 
t ec t ion  program to  date and vi11 continuo to be fundam~ntal to the develop- 
mgnt of ti aafe atomic power progrm. 

I 
I 
I 
i 
1 

I :5. Protective Measures. Studiea on (1) the efflclexm~ of shleld- 

- 

6. The poaeible treatment of radlatlon injurj dsrener a o t m l v e  
study vi th  high priority.  ncperrmental mplaoament of the damaged h m t o -  
poietlo o l a e n t s  deotroyed by severe radiation exposure offers om porrlbll-  
i ty .  Detection and noutralization of hypothetical but rmknon! t w i o  rub- 
rtancee l~coduced by radiation l e  another possibi l l t f ,  This d i f i l o u l t  and 
fundaruenl;al problem dsiorves oonelstent and detailed study. 

A l l  the above etudlor are of necessity done v i t h  alpha, beta and 
gemma rays end n e u t r b e  of varfing lnteneity, eingL9 and in oarlour comblna- 
tione. ILlao, tho effects  of aoute and chronlo exposure must be determined 
separatelly becauae of their  diaslmilari tf .  

P 
8 

[ 
.p 

C. The follavlng l i a t  ' indicates b r i e f l y  the studf of the hazardr due 
t o  special  materials. For brevity, it i r  p r e f a a b l e  t o  dircurs the potential 
toxici ty  of epeclel  nater la l s  by f i r s t  lndioat- t h e  t w o  of stadier t o  be 
carried out, and then by l l e t i q  thoee mterielr on which studier have been 
made or  on which studies a re  Peceeaary. 

1. F i r s t ,  an eotuel determination of the  twicitf of a rabrtanoe 
must be nmde, aeaourlng hov polsonour it is, both fa acute and io ohropio 
erposureei. The amounts administered a re  decreased u n t i l  aryuptaaastlo l e re l r  
a re  found. In t h i s  way, t o r i c  levels may be avoiaed in' laboratory and plant 
envlronnmnte. 
compoundo of uranium, plutonium aod oortalm rp.oi.1. o l t .  

Sane p i l o t  vark in this  direat ion has beem ocmpleted for a fw 



I., 

a. 'Ilia mde of entrance i n t o  the body (ingestion, inhalation 
or skin absorption) must be studied a8 d i f f e r sa t  manifestations and &@ear 
of toxlci ty  mey be pro&ced by each route emplopd, 
t ion f r o m  the bcdy must bs studied i n  chmnio experiments at  var~ous 1evel.a 
of e v r u r a .  

Stomgo in and axCre- 

c. The nature of these injurier and the mechaaim by d o h  
they occur mwt llkemiss be studied. This &fordo inionnation M to the 
necessary protective measurea, and lndicated therapy after bxpouure. Vary 
l i t t l e  has been attenpted hen, except i n  o m  or two instances. . 

2. Pmoentatloe mamma mquire study. 

e. "b cmparatire effect i reasss  of phydoal  mot- for 
the removal of haaardous dusta; namely, the mduetloo in acLn oontact aad 
pretention of ingeetion, m u s t  be measured. Yethods for accurate er t iar-  
tion of mcb hazards mwt be developed and ueed. Ths effioienay of wrtala 
pmtectJ.ve chemicals, ointments, etc., must be studied. OnlJ mot studies 
hare beon done hem, 

clothing must be tO8ted for those hazardous subdam?as 8gah.t d a h  t h q  
w i l l  be used. 
against some of the norat hazards has been found yet. 

F W y ,  appropriate investigation must bo rmrd, of tho- 
therapeutic meaauras t o  be used in the treatment of both acute and chmnio 

b. Pntec t iPe  devices suah a s  portable respirators  and 

No pract ical  mask, U t a a y  or otherwise, which llill protect 

c. 

toxLcity s ta tes .  

3. CanpletAon of the r r r lous phases ai the program outlined .bar, 
would prwide  complete information ab to those mediced aspects rrfilob m6t bo 
taken inito account i n  the  proteatioa of the norher, as wo3.l a s  traatma5t d 
in jury a h d d  it occur. 
substances on which qtudies of th la  tpp. a m  necessary: 

Ths following is a nearly caapleto list of the 

a. Uranlm and i t a  oompoands. 
(1) Uranium metal and its chemical compoundas oxidor, 

nit rate ,  chlorides, bromide, t e t r a  and hexailuoride, sodium and ~ ~ ~ & I I B L  
diuranates. Some p i l o t  studies have been completed, 

( 2 )  U m n i u m  chain of heavy metals: 
uranlom x l  

. U d U m X 2  
Radium 
Polonim 

Relatively U t t l e  has been accanplished hem. 

- A -  
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I 
(3) F l s e l m  pcodacte o? ohavage of 0-235 and plutmim, 

(4)  Art i f idla1 lsotoper of uranlum - 232, 234, eto.  A b a t  

Vary meagre p i lo t  studiee hare beon dono here. 

nothing baa beon &ne here. 

b. Thorium and i t 0  chain, elmoet unknown. 

0 .  PLUtQniuSr - OOmd pi lo t  Work. 

a. Special Eeceseorp materiels - pi lo t  vert mu. 
( 1) Dluorocarbona 

(2) Fluorlne 

Y 

0. ProdUOtLon & a r b .  The PeeUltO the  h b o m t o r j  BtPlb1OB -de 011 ii tho umter1al.a dlocaeaed abmo ere appllod t o  the preyantion mb oontrol of 

'1 materiale are  used in large emounte. These are  Illustrated by the folloulngr 

871 

indurtr ia l  hamrdr whlch arieo in the large msnufaoturlag areas where these 

In the Xleatromagnetio and D l f f w l o n  Method8 ?or th. lrolatlon 1, 
ris 
8 .?I 

of uran1u;m 235, 'the mejar hazsrda ere i r a m  the unmimn ampom&, the am- 
centration of uranium X l  end I2, and the specrial aoceesor7 materialr and b p  
products :termed in the prooeea of menuiaatum. 

large ~ o e l e ,  the hezarde are f r c ~  the ~ l p b ,  beta dn &amnrs rays, mxtr0lU# 
the plutonium metal and Its conpouadr, the various redioaotlre firrlon pro- 

3. The ckem.liga1 irohtlon of polonium foltoving l tr  fo rmt ion  io 

2. In the graphite pl le  where plutonlum (239) is pwduoed on a 

11 eucte resul t ing f rom the p i l e  operation. 
- e  

t h e  p i le  hca-orates hazer& f'rm alpha radiation folloving absorption lato 

4.. Chemiool purification praoees ln laslcing uranium metal remoltr in 1 
3 hazards from alpha, beta and gamma r a d l a t i m  end the ohsmioal toxici ty  of  the 
3 uranium of other products wed. 

8. tenninatlon of the effect  of radlatioo and a h l a a l  toxicit?, l n o l n ~ s  rddl- 
t iona l  information obtalned frola p b n t  1wsatlgatloPr a@ fron: 

a.  Clinioal survey of a l l  srpoaed gerrormsl. 

b. Monitoring of hazard8 by epaaial imtrmmntr and mothads. 

11 the 

i 1, Stud? of the msdiaal ampeats of plant progmnm ailde frm the de- 



lhCTES 

equippent. 
C. ,surveys of new types of graphlte pi les  and production 

E. Hazards of Atomic Catastrophe i n  Production Areas. 

1- b d h t e  QffaCtS: 

a. - &dat ion .  Ths radiation occurring a t  the  tims ai t h e  
explosion coupled a i t h  b las t  and hea t  camas biological effect8 w h i c h  
may U f e r  fKm those occurring foUowing other acute known ef fec t r  f m  
ganrma rod neutmn radiatjhn, md danand study. Soms p i l o t  work and 
observation of t h e  Japaacsse indicate that  t h i s  may be so. 

b. Blast. The t o m  blast energy of atomio explosion 1s 
\ very great andmay have t o t a l l y  W f e r e n t  types of shock wav08, recoi l  

warns fmm ordinary explssivas and unloue biological e f fec ts  may be pro- 
ducad. Some p i l o t  work has been done. 

C. ACtfnic Radiation. Ths intsnse b w  fm 
type of radiation haw not been studied. This also imludea the cuabi- 
nation csffect of all three items in this group: blast, radiation and 
heat. 

2. Ddlagrod'Effects. 

a. Proteotive dsdce6. Study of methods of protection 
agafnst the radioactivity deposited at  the time of blast. 

b. Decontamination. MethoCs of decontaninatioo ai roil urd 
t h e  U q l  m u s t  be workad out for olraning up active areas. 3- rxprrlenar 
is uva.U.abla on this frGm l m  Mexico and the ships fm B l k b l  uU& ia 
applicable. 

c b  Investigative equlpmt. Special equipment must be 
developed and tes ted for uae i n  lnvbstigating bcmbed am-. 

88 Study of treatment of a3 l  immsdiate effects such as ra- 
diation, heat and blast. 

F. Prsparatlon of pertinent inionnation proper fozm for  use by 
catastroihe units in production areas. 

11. Cunvnt Medical Research Rogm~. 

A. To permit continuity, it i n  recrrmaarded the ourmat progru k 
continued d M n g  1947-1948. Tha Eurrent pmgrm l a  retiewad by topicr 
under the1 f o l l d n g  list of the par t ic ipat ing organiaatltxter 

.- 

I 

ArgoMe Noti- Lsboratov 
University of Rochester 
linimrsity of California a t  Berkeley 

- 6 -  
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Columbia Univeroity 
University of Usahlagton 
MDllaonto Chamical Co. (Clinton Lab) GS€'HS 
Monaento Chemical Co. (Dayton) 
Loe ALemoa 
Western ReBerPe University 
Univcraity of California a t  Lor Angeler 
University of Tenneaeee 
Univereity of Vlryinia 

nrookhaven and other future  laboratories are not included. 

B. Euture expamion of the  medical and biologioal rerearch program on 

Alro it 10 h- 

'a l o n g  term contract baeie ( 5  parr or more) is neceeiary in order t o  1 e 0 m  
inf 'omtlon of a more fundamental c b r e o t e r  vhich ir Psoersary in order t o  
cops w i t h  the Bpeolal hazard8 of atonlo enorgy d e v e l o p n t .  
perative t o  open new fielL\O of application f o r  the prodwte of atomio energ). 
In biologj and medicine. The Committee feela  that  BWh exparmion o m  bert 
be p t m 3 d  and put into effect  after the e s t a b l i r b a t  of a M&ioaL-Biological 
Dltision. 
ized, tha obvioua uaefulneae of iaotopee in a vide appfloation to  biologioal 
research w i l l  offer  so msny tremendous oppontunitier that developmsntr in t h i s  
f l e l d  a r s  aesured. 

\ 

I 

(See Append- A). After the Regional t ibor r tor les  a re  vel1 organ- 

C. speci i io  Bojec te :  (in brief, topical outl ine) 

' i  1. ArgoMs I'ietional Iaboratory - Dr. Austin M. Brues, Dlreotor. 
t 

a.  The phpeiologlcaL picture OS enbale exposed t o  acute anll . I  
o'monic irradiation. 

b. The effect8 o f  i r rsdiat ion on the  atruoture and fanotlone of il the blood. and on the hQmatologiorl defeneer against infection. 

c. The acute tor lo  effect0 of external radiat ion and abrorbed 
radloaotlve aubetancye : 
damage and treatmont of alraady injured indivldualr. 

t h e i r  mechanim OS InJur~; prevention of poroiblr 
- e  a %  

d, The abnormnl rerpoaser of blood oe l l r ,  cultured t i s r u e  oe l l r  

e. The chronic effeotr  o? radiation and radioactive material8 

f. The mode of aotion of radiat lon in the produotion of oenuer. 

1 

'(I 

and eingle celled organiems t o  various types of radiation. 
3 

e I 

g. "he respanee t o  d k e r e n t  type0 of radiation of the various 
organa an& tlesuea, including tumors. 

h. Studier on the chemical ef'feuts of radiation vhioh are fun&- 
mental t o  ite bloLoglca1 reeponee. 



1. The abeorption, depoeition and sl lmlmtion of radioactive 
elementi6 from tho body. 

,I. The deelepr and standardization XP lnatrlmasata t o  c a r r j  out 
the foregoing. 

2. Unirere i t j  o? Rochester - Dr. Andrev E. Eane, D l r e c t a .  

a .  Radiation and Radiolorn Section; 

(1) I n s t r u a n t  design, measurement standardlzatioo, In- 

(2) B1010glg~l  effect of t r o w  anmuate or  polonium, radirn 
and urarblm in hwan a d  animal eubjeats. Application of tracer erperlmentr 

\ t o  semm other parts of the prodsot. 
L- - .- 

(3)  PhyalOlOglCal effectr of expo~~ure t o  acute and chronic 
radiation including the radio-Isotopes; search f o r  therapeutlo method8 o f  
value . 

k rluetrlalt monitoring. 

3 g i---/ - 

1 
(4) I)eoelo€nnetnt of posrible chemical techniquee or  mthodr 

of detection of radiat ion demage, an$ the neohanim bj whioh suob bireat8 am 
produced. 

(5) By rmam of spectroscopio nwthodr, t o  stu6y the dlr t r l -  
bution of uranium an6 other heavy metale of importanae in an-1 tlsrue; a 
seeroh for poeelble cluee a0 t o  the method of bony depoeition of rsdioaotlve 
meteriele. 

( 6 )  Study of the tims intensity faotor  i n  radlatian, and 
deoelomeot of methods o f  producing ioetantaosoue erpoaure t o  r a d b t l o n  (A 

t 
4 

I 

(7) Study of the metaboliem of plutonium, polonium, =dim, 
etc . ,  in human subjegte. 

b. Pharmacologl: 

(1) Study of the lnhattim toxiol ty  of v a r l o u  laanlm, , 
.J beryllirun and t h o r i a  oompounds. 

ln'aebtlcsn t o x l c l t j .  

(2)  By chsmloal technlquee, studier of the asobnim of 
uranium it'lxatloo lo  bones, uranium complex formstion, nrsthods of s ta re t ion  of 
ureaimp. 

Studieo in the mbchsnilrm o? produotian of 

e 
f 

(3) Aoute t a x l c l t j  effect0 of uranium, beryllium and thorium 

(4) PathoLogloe1 eiieats of uranim, beryllium and thorium 

ompound13 by ingeetion. 

poisoning, and mechaalam by which maduced. 

i 



{ 5 )  Physiological e f f ec t s  d uranium, beryUtlm and 
thorllum poisonine;. 

( 6 )  Special t o d c i t y  studie8. 

(7) Certificatioa of respiratory pro tec t im devices. 

c. Experimental Surgery. 

(1) Clinical, hematological and pathological effect8 ai 
acute lethal radiation. 

( 2 )  Xethods of bone narrow transplantation. 

(3) Studioa in  bone mBmn m 8 e m  and radiation effect. 

(4) Tissue c u l t w  studies related t o  bone marrow pro- 
duction. 

( 5 )  Effect o f  folic acid and ru t in  on m~m mgdnsra- 
tian. 

( 6 )  Studies of metabolism of  iodine by tbymld. 

d. Experimental Hanatolom. 

(1) CmparatLve s t w  of blood h i s t m i n e  after radlatian 
and hamatological o.?fects Ln cel ls .  

( 2 )  Studlea of Ufe cycls of blood platelets .  

(3) Studies on life cycle of leukocyteo. 

(4) studies on meiTorr PDOI-VUS a f t e r  radiation. 

( 5 )  Evaluatfon OS coagulation defects fol lorr3.q lrrad5.- 

\ 

(6) Technique8 f o r  early detection of h-tologicdl 

8.tion. 

changes result ing from ioniaing radiation. 

e. Genetics. 

(1) Continuation of atudies of effect  of chronia radiation 
on mice. 

(2) Continuation of studies dn effeot of acuta and chronic 
radiation (x-ray) on D ro.o5ophllia. 

(3) Iiistogenstics. 

- 9 -  



f. Treinlng peraormel in all above a e c t i m ,  

3 .  University of California a t  Berkeley. 

a .  Dc. Joeeph Eaallton'm program. 

(1) f&?t~bOLi~ Of fieaim pt'odUOt8, mdim, sctlnlum, PO- 
toactlnlm, uranium, aoptunium, plutonium, atosrlclum and curlum in mlmels 
and men. 

(2 )  bk+tabOlISm of poesibly hazardous s r t l f i o i a l l y  Wuced 
redloactlva elements from plant comtructlon materlala such 88 ohramium, 
tqckel, e t c .  

( 9 )  A etudj oi the mbtsboflsm of element8 ohmioallr oiniler 

b. Dr. JoQa H, IavrmaeDa progrsn. 

(1) SiolOgha'L effeats o f  f Iselm products. 

(2) A aearoh for uranium compounds that w i l l  Localize in P organs other than the Liver and spleen. 
8 

to  the flaslonsble element8 an& the i l e r l o n  produate. 

(3) Metabolism of berylllum, 

( 5 )  Bshaviour of f leaion producte end flssionabh elamento ln 
aoile and plants. 

(6) 8tMy of elpbs particle irradiation end the thyroid gland 
in animah and men by Aatloine (Element e). 

(7 )  DeveLomnt of mathods for decmtamlmtlon of radloaotlto 
s h i p  from Operat ion Crossroadr , 

(3) Biological effect8 of the diriotegratlon produatr of 

(4) Genetics of the carcinogenlo sffeat of beta rap. 

!, boron and lithium folloving neutron irradiation, 
e 

(6) Change18 in vater balaucle folLoorlng radiation injury. 

- LO - 



(7) xaiadiation effacta  on t i ssue  cultums. 

( 8 )  Effects  of salective lrradiations d individual organs 
and tistiues. 

c. Dr. Rober+ S. Stone's program. 

(1) Studies i n  whole body radiatlon of humaa eubjectr by 

(2) Studies on the metabolism of r a d i o a c t l a  iodinr in 

& e n d  end in te rna l  radiation, 

animals IUld -4  

(3) Jo in t  studies with Dr. Joseph 0. Hamilton t o  eod9ato 
'the thenipeutic applicetions of the ffsrloa product8 and t he  fissionable 
elementsm 

(4) ExjLoratian and therapeutic appUcation8 of other 
radioactive elements and coarpounds. 

L. - -- 
4 .  Columbia University - Dr. 0. F a i l l a ,  Dimetor. 

a. Yeasunment o f b s t  neutrons for biological purposer. 

b. Usasumment of t i m e  dose relationshLp reairtkq fmrp 
radioactive isotopes distributed i n  the  t issues.  

.t 

a. Heasurement of specif ic  gama rap amisdon. 

d. Study of the quant i ta t ive relatidnshipa ln c h d o a l  ef f rc t r  

Further study of e p  and gonad 5njury produced t t a r t  

Study of the biological act ion of ionlzlng radiations. 

An\attempt t o  reduce radiat ion injury.  

! t i  produced by lamme rays acd faet neutrons. 

e. 

i neutrons. 
I ' 

f. 

e. 
L 

h. Study of the  dis t r ibut ion of radioactive lootopea in 
tissues aad cells. 

L. Protecticm data for the safe handling of radiokctirr 
isotopes i n  s m a l l  amounts. 

3. Training of pemnnel .  

k. LIeasuroment o f  very high energy radiation8 for b lo logcd l  
dosage. 

5. UniVerSity of Kashingtoa School of Fisheries - Dr. La&* R 

a. 
Donaldson, Dimctor, 

The w o k  of t h i s  project  i r  t o  explore t he  general problra 
of the  e f f ec t  of radiat ion on aquatic organisma, and i n  particular, to rtuw 
the problems a r i s ing  from the  discharge effluent fran the Haford p h t r  into 

.- 



I 

A 

(1) Acute and chronla effscte of external radiation on 
fiahee . 

(2) Breeding etudies on salmoa and t rout  following irra%i- 
ation. 

(3) Stutltes of the effects o? the Henford effluent 011 e e b n  
end t rout .  

(4) Effeatrr of internally depaelted redioaative materiale on 
aquntic orgaaim. 

(5) Field atudiee oa the effect of poerible Hanford pollution 
on aquat3.o life in the Colrrmbla River. 

( 6 )  Studtee on the tranrrfer o f  radioactive materisla L Yood 
chalaa", etartlng v i t h  tho olmpler biological  form (1.0. plankton) rind follow- 
ing the dls t r lbut ion and fate of suah matorials a8 these aoatcuiaated an-1- 
cules are  oucceesiset;g eaten and metabolized by higher form (firher, e ta , ) .  

(7) Foeding mer imen t s  using radioaetfve materlalo In the 
fooda. 

l i  
6 .  Hanf'ord mlneer Works (Researoh Frojuot) - lk. B h a a  T. cantr i l ,  

Director. 
t 
.. a. Health physios research and devaloopmoat In radiation w n l t o r -  

ing, inetrumgatation. - 
'. . 

b. Trainlug of techniolans and other p e r e m e l  In problemo of - 

c .  Applied biologio researoh re la t ive  20 p h a s e  of radiation 

(I) SQtl, vater  and elr aantaminstion by radiosctive m t e r t l  

(2 )  Studlee under controlled coaditlona of the effect@ of . 

on domestio animals. 

i 
\ 

hazard peculiar to Hanford Engineer Works operatione and waste diepasal: 

a 

8 

(3) Studies under coatrolled conditione of the effeotr of 
redioaotive materiala on vegetation. 

1 
(4) Fleh Studies: (In oollaboratlon vith University of 

Werhingtoo, projsot l isted prerlou~lt. ) 

Efiscte of vaete effluent on salamn aad trout. 

EfYects of lntemallj deposited radiosotl+e mstsr-  
ia 18. 

- 12 - - 
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Field etudlee on possible potlutiom of' Coltadbia 
River and f l eh  by Hartford naete. 

Plankton experlsaenta - absorption 8tudie6. 

7. Mmsnto an U. S. Public Health SQmlce., CUnton Iaboratoriee - 
a. Studiee of the biological effect6 of slov and faot mutroas, 

Er . Alexander Eollander, Director. 

bete and gamae radiation are in progress ne a fo1lw-up of pr~tiouely reported 
vork 

6,y7 -be =feat@ of plutonium oa bone healing fr being otadied, 

a 

g \ Y '  

I 
Y 

a. The parabiotic twin technique is being wed t o  rtudy the in- 
direot effect e of radiation. 

d. A concentrated attaok is being ma& on radiation ef'feato on 
the  rate of mitoslr, ohrmoeoma breaks and exchang61, gslrs mutatfoar and the 
general genatical makeup of the ce l l ,  includlag cfioplalwlo faotorr. 

been inltlatled u s l n ~  m i o u e  mlm-organism. 
e. Tracer srrpertmente a? a number of meitaetabolio eyetoma heme 

f. Effectr of radiat lou on cell  cdnstllwats, protelas., noalela [ @ acids and enr.ymes ere being etudied by mdern phyeical-oksmioa1 toolr ,  (in- = c l u d i q  leotopes.) 

g. Radiation effect8 are being investigated on blood con- 
a t l tuenta  end blooa forming organa ne w e l l  a8 on the rmrvoue eystsn. 

k. Cooperetire relrsaroh arrangemonte are belag medo with  the 
i'{l.Jn Wwoittelr of Tenneesee, Vandsrbilt Ullivoraity, Xnshfngton University., 

8 '9 tion. 
$University of Peuneyloania, John Bopkina Uniosrelty end Camegis fnst l tu-  

c u  

i,, Cloee cboperatioa with the lVatlonal Ins t i tn te  of Health and 

Inetrumentatiorr of radiation monitoring developed by health 

Health physic8 research is t o  bs extended. 

national &mer Institute bar been set up. 

j. 
.phyelce will be continued. 
3 k. 

1. A t r a i a i rg  program. 

8. Mollwanto Chemical Co. (Dayton) - Dr. Jamb6 Svirbely, Direator, 
2 ,  

, ;? 

13 - 
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a. 3?.0loglical e f fects  of chronic and acute exposures to 
polodtun and polonium compounds by various modes of udministration t o  
dctenn5ne the rn- ps'in~issible l a d s  for human axpOSurS.  
p e r h u t s  m a y  be indicated fo r  cllniccll inmatigation. 
action, correlation of excretion l eve l s  with visceral content and ganatic 
effect.8 will be studiad. 

Tracer ex- 
Uechanfsm of 

b. tiaxiaum permiscribla levels f o r  alpha radiation in 
individual viscera, cspacidly  the kidney, 
the f irst problem. 

T h i s  is a 8pecVIc phaw of 

c. Study of m- pelmissible levels f o r  polonium to 
use in  safe naste d i s ~ s o l .  

d. Correhtion of excretion l e m h  and a m s u m  in pmdnc- 
t i o n  pe reonnal . 

e. Stud7 of pro?hylasds and thempp o f  the toxio effects 
of polonlUfn. 

I 
t 

i' 
44 
a 

E 
i! 

f. Biologic e f fec t s  and methods of naarrurambnt for pro- 
taction against  radiation fram special neutron aourcee praparad a t  Dayton. 

g. Develomnent of continuam monitoring equlwent and 
other  types. 

h. Studies of t h e  prevention of contadnation and on 
- -  .- - de con t amine t i  on 

Director. 

- - _ _ _  - .. - -  -. 
/ 

9. lesterh Reserve University - Dr. Amr L. Fdedel l ,  

a. Studies on toxic i ty  of thorium, 

(1) aio1ogical off ecte. 

, (a) Study of' biological e f f e c t s  of @&ahlo 
thorium canpouxla, 1sLhal effects,  weight 
changsa, hhtopathologic, hemtologfa and 
biochsmical changes. 

(b) Study of  biOlogj.Oal e f fect6  of h o l u b l s  
thodun cmpouods as in a(1) above, but 
also includes radiation ef fects .  

(2) DFstributlon studiesD 

.(a> Study of thorium distribution Fo tissues 
og chemical am3y. 

(b) study of distributicn by tracer technique. 

- u -  



(2) T.-ersport of t ho r iun  ocrom Eaatro-inteetilrel 
and rsiplratori epithelium. 

( 5 )  Pyle sf t r a w f g r  of 'chcrium i n  blsod sad tissues. 

{ c )  : 3ccer ?UC ~ b r a c t e r i ~ t i c ~  of tho-L.lm depooit:oo 

( d )  I?et:sr oi d r i p 3  systme affected and e n z p  In- 
'n ..bit ion. 

in t iagua. 

b. Stuay OP radiot lon ejtfects of intarnally distributed radio- 4 ecrtive elomits. 

or aevamt radioactive elementi of 

I 
(e)  SCudy of ksta omittere lo&irtg in speoiflc tlaeuee 

(borra, ' rihey, thyroid, e to  .) . 
(b) Study of alpha onl t te re  lodging la  rpeciflo t irauea 

(bone, hidmy, tbgroid, etc.) ,  

ic)  cmarimn ana strslstion o f  aLpha a d  beta emfttem 
iievlng eppr.oxtmttely almllar rlepositlon in t isrus, 

0 .  Smthoein o? caupollnds into which rs3loactlve element8 mar be 

(1) Coupariaon or r3aintion ef fec ts  of varioua beta sn i t t o re  

(2) Couparison of radiation effects of bote and alpha 

introduced. 

l t e rna te ly  introduced into the s d ~ m  sonpound. 

itters (wide dioezvpnce of speaific ioaizetion) al'ternateLy .ma ooncomitant- 

Studr of the dletr lbut ioa of the above noted ;.adioactive cam- 

( 1) Ey cesay of rad ioac t iv i ty  in ti3eucs. 

y Introduced i n t o  the ~ Q Q .  

d ,  
\ 

--- 
LO. Lot! ALancs - Rr. Louie Hempleuann, 9irector. 

a .  Plant hazard roaearoh. 
B 

(1) 

(2)  
meted per bay by humaaa end snlmsls. 
of Rooheater). 

Deoelopmnt of mthcb  for  the  & O t e r r n ~ M t i O Q  O f  lainnto 
bounta of plutonlun in the eroreta end body tisoues cd hlmana end a n l m t .  

Detormlmtlon of the f rac t ion  of iPJeo.ted plutoniuku 0x9 
(Sa collaboration with  the Univsrrlt~ 

- 15 - 
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b. Propoasd fundarnsatel and applied reeearoh p r o m .  

(1) The ibdaxmntal Btudiee on the aoate effeotr of 
radiat ion. 

(21 R'eatmsnt of acute r a d t t i o n  dimease.. 

(3) Method8 of detecting early radiation lam. 
(4) Continued studios of the umtebolim of pla t~ trza ,  17-a~ 

( 5 )  Detection of acolanulatad plutonium ln the Lungr. 

.8 ald  other m & h i l O t i V e  meteriale. 
3 

t 9  
4 .I - 

( 6 )  Blochemloal ataxlies of nucleoprotein nab tho e f f w t  
of radlatlon of the fundamental physiolow of the c e l l .  
v i th  Washington Uairerritp, S t .  fsuio,  Xo.). 

(In ooLlabomtiou 

(7) Datailed study of abaorption of plutonium irCra om- 

(8) A n y  apeoial problem arlB1ng from a m  opsnrthg hsurda 
\ 

- --- _I 
- c- 

I an thie project. 

Dlreotor. 

. s  

8 8  

LL. Rnioeroity OT California a t  Lo6 Angolee - I&. Stafford L. Mmm, 

0 .  Mechanlw of "metal" tiepaition in bone anb msohsnir of ra- 
2 moval from bone. 

6. Protein de@radation following radlatloa ard o ~ o a l  1LLjP27. 

E, Contraots approved by the Intoria )bdioal w t t o e  a b  aritirq 
0. S. Atoanio EhbrSy Caarmisaion approval: 



- .  

a. University of Virginia - Dr. Alfred Chariutin, Director, 

(1) Study of the effeets af vadous type# of radlatioa 
( a l p h a , ,  beta, gama and neutrons) on the circulating blood proteins by 
eloctmphorosis and protoin fractlonieaticq technique. To determlna whether 
meam of early detection af radiation d a m p  can be accanplished io this w a y ,  

b. UniversLby of TeMesase - Dr. Hensp Vi&, 9imctot .  

(1) Study of the  mechanism of t-c af fects  of uranim 
and other heavy metal conpounds on the kidney. This is a contlnuaticm ol 
Dr. #i.LLal ~ o r k  with the Rochester %anhattan Project during tho w a r  and 
contributes t o  that  general study. 

D. Estimated t o t a l  HealtbSafetp research budgets for f i s d  pear 
1946-1947 a d  1947-1948. 

1. 

. Grand Total $7,074 ,ooO. 6,000. $13.166.o00. 
sl3.90 

Roto: 
for rasearch Fn the participating universities, 
are shown, 

See D 2  for estimated totale  of Regional Iaboratoriar Wuding bu-tr 
only those currently wtirr, . 



7 
2.  !hntual  3103ith-Safet3 rosearch budgete, 1949-50. D t h t e d  

annual budget for rcaeqrcb. Doeo 'act include umcltorlne or ol ln ica i  3er- 
vlcaa ~rhfah am ehaargcd tc .  opSrn:lq 3udgstu. %sch B r g 1 0 ~ l  Laboratcry 
budgat repmsenta the Zoteb of the  1ocaL roeesrc5 a ~ d  thoae sf the parti- 
2fpatlng uzirsra:",ee. 

Thle t o t c l  ~ h o u l d  be equivalent t o  approximately 20-254 of the 
t o t a l  rerearoh effort J f  :he U .  S.  Atomio hergy Cammlralon. 

3.  h T ? c  3f estimated Medicat Reaearch Budgat for a Reglollal 
Laboratory. 199-50. 

Medical- Health- Field Survey 

* 

I 300,~. b4,m,OOo. 0 200,000. sL,42:,,000- 

e dlreated into new or above af t l l la ted  group as  need arises for inrestl- 
3 gntlon of certaln problem. 
'a 

i -1s tota l  l e  large because th lr  az$a c a r r l e a  the raaJor LtiurtrlaL and pro- 
duction a o t i v i t l e s .  

e III. tieaLth-Phyeios. 

A, Health-Physics ir  the applied t o  a newly deas?opsd and highly 
spauia l lzed branuh of Radiology. The prlnclpal furrotloa of E3aLt.h-Phyrioe ha8 
bcca t o  mke a rtudy of radlatlon problem and to derlre meam of preventlug 
radfatioa barnage. The reoordr obtained br th lr  group are of mdlco-legal lm- 
portancic, The mnpwer ahortage In t h l r  f i e l d  is acute. 

' ,  , 

i I 5 :i ..! i 0 - 18 - 
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In general there are tno ~ l n c l p a l  sectlona In eaah health-phgsias 

1. Research and development in iastrumentati,m and energy Levela. 

2.  ~ e r v i c e  under ope ra t iw  eonaitioaa in the punt.  

€3. The dutiee of the e e n l c e  e e o t l m  ai health-phyeloa ere: 

dlvlll ion: 

1. Peersonaol monitoring the measurement and recording of the &fly 
radiation do88ga received by cach pereon. 

2. Inatrmneat senice.  

a. The cs l ibra t lon  and maiOtalmwe of the oarled end numemu 
instruments employed. 

3. Bulldfas ourtege. A dal ly  measurement and rooorbing of working 
areae 

4. Ozf-area eurvcp. A n  a?proved monitoring of the  radletlan Leas1 
in the sir and water dlecbarged from t h e  pLaat8 ao that it grerente no beard 
t o  neighborirrg o m u n i t l e e .  Tho cost o t  the  s e n t o e  rsotloae of heaLth-phplor 
ehould be bema by aaah plant as an operating cost. Only the oorts of tha re- 
eeerch end development sections are indicated in Geotlon II D1 and 2. 

C. The problems of %he rsaearch and &velapeat  eeot lma of the  health- 
phyalaa dlvislons have beuo ~ u i t e  varied and perhap8 can be hdlcated bertr b7 
t h e  following list vhlcb pwmnte e feu typical examples: 

1. Instrument development. 

a. Pereonno1 monitoring lnatruamntr such as pocket meters and 
film bel6.gea bot) been developed but still need improvement. 

b. &my problem vere enoountered in the deveLopment and pro- 
duction of fairly h i t a b l e  portable and fixed metere to meaewe the alpha, 
beta, game, thermal neutron nnd f a r t  neutron sxposurse received by p e r e m e l  
under varying eituationfl. 

E. Survay meters of e l l  typee, especially e lec t roa ta t lc  and 
electronic imtrumenta were developed and produced. Theee aeed considerable 
inprovanen%, par t icu lar ly  for  alpha and neutron measurements. 

2. Special meaeurenent of onerglee t o  vhloh pereoanel is exposed. 

a.  Relotfoe t o  instrumenta: 



affect a. 
Test s#ters for energy dependance and saturstlon 

hvalop  photographic film monitoring techniques. 

pswiop M FDatnnnant to I P B ~ ~ U B  faat  mutmne in the 
Fa 

(4) Davise nethods of measuring platonltla l a  a i r  in  the 
presence of other alpha cni i t ing mtbetances. 

( 5 )  r c v a b p  continuous a i r  monitoring indrumonta t o  
m e a m  alpha, beta and g-sma radioactive gas and suspended duet i n  the air. 

(6) Derdop autunatic hand countem, area radiation R- 
lnet :ments ,  autcmetlc aatsr activity countem, eta. 

b, AppUed pAhysics meaauramente. 

(I) Develop remte control operaeiancr for rro- with 
radioiaoto,oas. 

(3) Lbmlop nethods o f  determining the anoaot af plutodrll, 
plonl.llm, uraniua, etc., that ;M f ixed  in the body. 

( 6 )  Develop and operate methods of decontamination. 

('Q Study new methods OS radioactive uaste disposil. 

( 8 )  Help i n  the design of new b u U d i a g s  t o  m i n l a l ~  
radiatlt~n eqmsure . 

C. Thyaics research. 

(2) study affectr, of high energy radlatim on tfsae. 

(3) studs radiation scattering in 8hlelds and in tiaaue, 



I 

d. Theoretical. 

(1) Mako numrau8 tolerance calculations to determine 
radiatl.oa hazards presented by external and in te rna l  e x p o n ~ a .  

( 2 )  Calculate radiation froin extended sourneb. 

(3) Set up radiation pmtection tables, rules, msgulations, 
C t C .  

e. Educational pmgram. 

(1) Train health physicis ts  for other a t d c  o n o w  sites, 
f o r  those universi t ies  and laboratories t ha t  have radiation problem, aa roll 
,as f o r  the A- and Navy. 

radiation problems. 

( 2 )  Consult v i th  numerous 4 individuals and cami t tees  on 

(3) Help outride organizations t o  check t h e i r  laboratories 
and operations for radiation hd2ard.9. 

(4) Train chemists, phpfc i s t s ,  eta, rho 8re not health 
phydcists but nho need a proper respect f o r  radiation problems. 

( 5 )  Operate health-pbsics trainlog programs. This is 
None aru available now. urgently needed. 

D. The table  in Section I f  D1 and 2 gives an indication of the pmsdnt 
and f u t u m  t o t a l  manpmor and t o t a l  sxpbndituras of health-physics. 
annual cos ts  have been quite large but am not available. 

Pa& 

i 9 3 .B 

A. One of the most serloulr W f i c u l t i e s  impeding t h e  h e d i a t e  progress a %  of the gemral program designed t o  safeguard c iv i l i an  and indus t r ia l  psrsonnsl - = against the1 delsteriouq e f f ec t s  of t h e  products of nuclear energy and t h e  
prcandion if the b e n e f i h a l  ut i l iza t ion  of such pmducto is the lack of a 
suf f ic ien t  number of ruell-trainad personnel. Such a uituation has arisen 

t he  uniqueness of the  problems confronting the  Atomic Energy h ~ m d e e b n .  
3 from the cambination of a hiatus  in basic science traLning during the war and 

IT. Trainirg program. 

3 ' the  A t d c  Fnerff Ccaunbsion to facilitate the training of sui table  personnel 
k~ the  varicus branches of a t d c  energy. As a result of t h e  crolrding af the 
unlversit ie8,  some building program w i l l  probably be necessary. 

eprogram should embody the following objectives: 

It is recommended that  an extensive traMng program be aponaomd 

Such a 

1. To increase the ueehrlnese of present project  pemonael, acadedc 
seminars should be inn t i tu ted  and in certain iastences, 8ttOndenCe of mume8 
in the  basic sciences af physiology, histology, bfologp, ptfyaic88 bio-physics, 
chemistry, e tc ,  should be required a8 a par t  of t h e i r  regular scheduled duties. 

- 2 l -  



2.  To acquaint trained projeot and non-project paSorme1 with new 
or  rlpecial techniquea mlatlng t o  preaent end future program of &e Atomlo 
Eaergy Commibrlon. Average t h e  OM month, 

3.  To t r a i n  a backlog of technical and proferaioual peraonael in 
the mdloal ,  blalogical, l n d u t r i e l  hygiene and health-physics aspbuts of 
atamlo emrg7. 

The objeotlve voull  be t o  accept re11 quellfled dootocs of pbiloaophy, 
phyaioisnn end technf61ane for a training period of not loor than one year in 
the rpeoial branches of blo-phyoica, blology, isotope technlqwa, toxicologp, 
healthqbysloa, re la ted industr ia l  hygiene and the ?ariow teobnloal procedure8 
p e r t a h l u g  t o  the enumerated subjects. ' 

In order t o  provide an a d d i t i ~ l  back108 of trained prsonnel f o r  
the future  and t o  promote cordial  publlo relations,  f a c l l l t l e r  and fellow- 
ships should be ertabllshed t o  encourage rui table  post graduate oandi&tes 
t o  elsat major rubJeot8 f o r  the i r  degree6 in those fielde pertaining t o  
atomlo eaergy. Thio arpect of the program eavlriona a t ra ining period of 
one t o  four parr, depending upon the  pr ior  quallflcationr o? the candidate. 

B. It i r  reoonnmnded that a oommittee be appointed by the  Atomic Eaergt 
Coannlrlalon for the  development of an integrated tralning program for the rduoa- 
tion off ro len t i i lo  vorkerr In t ho  correlation of atomlo mer= with the 
nstlonal eolences, biology and medloins. 

V. Reuolmnendations 00 Organization. 

A. Admlnistratlve creation of a nev di?ision of HeaYth-8aiety. 

1. The reaponelbiLitj  for the health and safoty of perroanel. em- 
ployed by t h e  Atomlo Ensrm Connniralon in the condwt of their program ex- 
tends throughout the entire p r o m .  Maw of the hazard8 are  not vel1 under- 
etood. Frequently odv remarah flndirrgr or new produatlon procedtaea bring 
t o  light entireLy ryw problemn with unknown hazard6 and uuprediotable safe- 
guards. - -- -_ . 

2. Careful health and safety planning l e  neoessaq in antiolpation 
ai predioted hazards. Such plarmlng murt be in r tbp with the  p l a ~  of the 
four statutory div18iono of the  Atomlo brgy  Canrmisrion. Biological srperi- 
mental work lr rlov, dlffloult and tlma aanrrmrlng. Aatlolpatorj  planning and 
conduct of large roale blologloal work is mandatory eo that r e r a l t r  ma? be 
arallable an soon a s  w s r l b l e  before any srporure of psraollneL oocurs. Thur 
a large ef for t ,  epulvalent t o  perhapa 20-23$ of tbs t o t a l  rerearoh approprl- 
a t i o n  should be put into a health-safety pro~am. 

B. Healthdafety Advisory Board. 

1. It 10 reconmatled that a H e a l t h 4 a f e t j  Adviaor). CoraPllttee be 
formed by administrative aotion conelating of alae memberr, three t o  be 



1 ,,ppointetl f o r  two p a r a ,  three t o  be appointed fo r  four years a d  three to 
. be appointed for eix p a r e .  This Comittse should paral le l  the statutory 

. pointed hy the Atomic Zborgy Cornittee to  advise it in matters relating to 
W e r a l  MTi6ory Cooslittee $0 t h e  Atcmic Znergy COUmittee and ohou:,d be ap- 

medical, biological,  i?lbu;tr?.al hygiene, hsalth-?hpsics and related research 
psoblema. It is further recmeodsd that  the Eealtb-Safety Adrirory Corn- 

2. The following L i 8 t  of fourteen IlpmeS recowmended for  om- 
olderation in making the appafntzn3nts on the Heslth-Safety Advisory Board 
t o  the Atomic Ensrgy Commission: 

4 d t t e e  re~conmmnd the appointment of Eppropriate adVia0- 6ub-CaPmitteea. 

a 
a. Medical: 

Dr. Joeoph Aub, M.D. - B n m r d  (Coneultant t o  
&inhattan) 

h. H p a r  L. Fri%?slL, X.D. - WeBtern Rereme 
University !anbat tan)  

Dr. Robert 8 .  stone, 1i.D. - Unrveralty of 
Calilornia a t  3erkelsy (Manhattan) 

D r .  Staf'forC L. Wamcn, M.D. - University of 
California a t  Lao Angolea (Manhattan) 

b. Biological: 

Dr. Austin 14. Bruee - Argome Nat'l. IaboratorJ 
Dr. Joaeph 0. HmniIton, X.D. - University of 

Dr. M. H. Jacobs, ?h.D. - University of Bun. 

Dr. &no Muller, Ph.D. - h =lam University 

California a t  Berkelef 

(non-Mamt tan) 

(non-MnImt tan) 

c. IndustrdL: 
Dr. Slmeon T. Cantrl l ,  M.D. - Banforll (AMnhattan) 
Dr. Andrew E. -by, M.D. - University of fioohester 

Dr. Jam8 Sterner M.D. - Eeetmn Xodak Co. 
(hnhat tan)  

(Maahat tan j 
d. Health Physlcs: 

Dr. G. BeilLa, Pb.D. - CoLumbia Univael ty  
Dr. K. 2. Morgan, Ph.D. - Clinton laboratory 
Dr. B. M. Parker, Ph.D. - W o r d  

note: 'thlB COmUIlttee there l e  QO i%presentatlve from b s  A-0 haL 
~em~e~mam); Brookhaven (mappointed); P.S.P.H.S. ( ~ r .  E. will iam);  ~ r q  
(Colonel J I B T ~ W ~  P. Gooney) navy (Captain George Lyon) nor the -11 drmmifl 
contractorn (no recommemt ion). 

11: i o  reacrmmended that  a Division of Health Safety be m a t e d  bT ad- 
ministratiire action and that  i t s  respoPr,ibllities and authorlty be 00 ' 
with the four etatutory DivisionE of Production, Research, wineering *d 
Military Applicatloae , 

C, 
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“he interim period has placed a eevore s t r a i n  on the  current 
health safety program a s  a ivi8d.t of personnel losses and the o r i t i d  
nature of its function and rerrponaibflities ha8 suddenly increased 
w i t h  the  reactivation of the At&c Energp C d s s l o n  Research Program. 

D. It ie rocmaended that the Director af the Diddon of H a l t &  
Sclrtty be appointed as S C Q ~  as possible ar,d that  he hold the de- of 
Doctor aF Medicine and that if possible, tie be familirr with ~ C U D I )  large 
portion of t,he Wanhattan Distr ic t  m d i c a l  program in order t o  s t a b i l i r e  
the future of the current progmn. 

and proposed in the order namsd by t h i s  Ccmrnittee for coneideratbn a8 
t h e  Director of Health-Saietg. These mcln ham had exten8ive executlva 
experience wi th  tho Kan!!attan Project and are Doctors af Yediaine except 
for Dr. WrkLe who was included i n  t h e  oscnrt balloting of the C d t t e e ,  
and because of his records, 8arrants consideration f o r  t h i apos t .  

Tha following Ust of suitable candldates have been sehc ted  I 

‘&rth, John 

u of R 

40 Consultant in 
U d i o l ~ g ~ ,  Haniord 
Project. Radiology, 
private practice. 

51 ‘, Pmfeasor of 
Radiology, u oi 
Califor& 

(?I40 

39 

Principal In- 
vestigator, 
National Ins t i tu te  
of Health Baltimore, 
tdd. 

Assst PrOfeSlrOr O f  
Ksdicine 
UniY  of 

radiology and ahem-. 
therapy; Cancer and 
radioisotopes. CUa- 
i c l a  traLning and 
teaching in Radiolo~g, 
3ireator Rwhester 
Manhattan Project. 

C~~ And raseorah w+ 
poriance in radlologl and 
cancer. Formsr aedloal 
direator, Hatford Engineer 
Ylorke. 

C l i n i c e l .  and teach* ex- 
perience in radlolow re- 
search with i r o t o p s  and 
cancer. Dbctor  of Health- 
Safety program, Metallurgi- 
ca l  PmPject, Uenhattan DLt. 

Cancer reeearuh, cUnica l  
seNIce, Cllnton Labo- 
atorien. 

Md teaohlng 
I 8 Radiolow,( perience, blologlcel eui 
California, medical appUoatlons of 

nuclear physics; radio- 
che.dat. 

-ab- 

--- . 
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Age T i t  le Back+vound nanre 
-cI 

Hmpe'hnn, Louie 

Bruea, Austin M. 

SterPer, James 

37 

40 

42 

42 

35 

Brundap, Blrchrd M. 36 
\ 

(YAajor, AUS) 

Medical Research 
Director, Loa 
Alamoe FroJeot 

Ass't. Profeasor 
bebic lne , Unio , 
of Chicago 

Director, In- 
duetr ial medicine 
Eestman Kodak Co. 

Dimator o? Bio- 
phyaioe Ins t i tu te  
Unlv. of  Chicago 

Probable Medica 1 
Director, Brook- 
b+en 

Chief, Medical 

ha t taa  Diet. 
DiViBiOn, h n -  

Erper?eMe in rerearah In 
biophysics and chemistry 
ena large soals radlologl- 
oa1 8Rfety at Alnmogordo 
and Bikini. 

Research i n  aancer and 
shook and iaotopee. 
Clinical and teaehing 
treining in Internal Mad. 

Experimental and oliniaal 
probLerrm in industrial  hy- 
giene and tarlcologj,  In- 
atractor  in msdiolns, Msdi- 
ca l  Dlreotor for eleotro- 
megaatic proceas a t  Oak 
Rim. 
Reeearoh in experImenta1 
biology, radlologt and 
t eac hing . 
Cllnloat erperieaoe in 
radiology and r u r g e q .  
Board of  Radlolo&y msmber. 
P~OTIOUOLY a msmber of 
Medlaal Section, Manhattan. 

Clinical  tralning and 
frrduetrial M s d l O l ~ ~ ,  

Other Coctors of Msdloine o f  high oaliber with executive experieam vho 
e i ther  u o ~ k  or ere  et111 aaroolated v l t h  the FroJect, are l i s ted  la nlpha- 
betiool oPLer by t h e  Chairmsnfbr oonnlderation. They a l l  have ooru,ldsrable 
knovleage of the oosral l  program: 

John Ferry - Whiting, Indiana 
Hymer Fpiedell  - Western Reserve Unlo., Cleveland 
Joe H o v l a n d  (MSJ, Am) Unmwsitp of Rochertor 
Xson Jacobson - UOltersity o? Chicago 
Adolph Eamer - Schenby Distrlbutora, Ip, Y. C. 
J. J. Nickeon - Argoane fhtional Laboratory 

C. 3. Uataoa - Minneapclls, Minnesota. 
JSmSS k l a n  - -0. Warhl@m miV., St.  &ai%, m. 

- 25 - 
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4 f The f o l l w i r q  a re  l i s ted  for coneiUeratloo because of their kaoVledge 
i' U the f i e ld  af rad1o:ogjr reeearch end cancer, but here cx) knowledge of the 

project : 

Dr. C. P. Rhoedes, tbmorial Hcepltal, Rev York City. 
Dr. Shields Warren, Haroard Unlweralty. 
ET. Robert Mewall, Stanford UnLverelty. 
Dr. John E. Iawreuoe, Uaiversity of California. 

There ere undoubtedly othera. 

E .  The Interim Y.dlca1 Ccmmlttee vea unable t o  f in iah  i t e  conaidera- 
B 9" t lon  of ather committees n l t h i a  the two a p e  of conferences. In vim of 

the  1mpor.tance of making dsciaione promptly 80 thnt a vorking force my 
r t a r t  in  t h e  near future, the Chairman has taken the option of interpreting 
t h e  pa r t i a l ly  expressed intent of the  Committee end offers the follawiog 1 g organization and nama for consideration by the Conunierion, e. Wilson and 

3.1 the  nev Direatar of  Sealth-Safety se a s topgap  f o r  the period u n t i l  July 1, 
1947. Mo:re mature conrideration, in the meaatime, by the Director of Bealth- ' 
Safety and the  Medlcal Advlaorj Comaittee can make the  proper realignmente 
with the aeeis-tance of experienced advice from appropriate suboommitteer 
forned from the mom5erehlQ of ouch bodiea 18 the  National A c a d w  of Saience, !{ The Committee on G-mrth of the national Research C o u ~ i l ,  the United Stater 

f $  Public Health Service, the varioua fouodationa and other appropriate agencler, 

The follatlng l i a t  cf parnee is submitted for  CoMIderation. It vao the 
intention of the Inte-rh Committee t o  inelude a s  many ismtitutlom and an 
many fields of related endeavor a8 poa8ible. There is no intention of ra t ing 
the persoas ammad and no attempt vaa made t o  segregate ar t o  specialty o r  in- 
a t l tu t lon .  It 8houLd ala0 be undartood that th l8  l i e t  of 100 l a  by no means 
a complete coverage of t h e  f i e l d  but is a working nucleus. 

Dr. C. P. Rhoede &mor is 1 Hoep . Corne L 1 Canoer Reaearoh 
Pr. Robert S. flewetL Staaford University Radiology t Dr. FramkB. Jevett  Prer. lVat'1. Acad. S c .  Physic8 

9 Dr. Km. J. Robbina lpyc Botanical Garden8 Eatany 
&? 3 Dr. Eugene P. Paadergrase Unlv. of Pa. Radio Logy a Dr. Tomin Long John Hopkina Uni?. Chemotherapy 3 Dr. Raymond E. Zirkle Radiob i o  logy 

8 k. Paul meal tpat'l. Inst. Health,USPH5 Indue. Hygiene 
Dr. Geo, P. Berry Univ. of Roaherter Bact eriology 
lk. Paul Aebereold Oak Ridge Biophye lor 

8 Dr. Waldo C o h n  Clinton Lab, Radioohemir try 
Dr. E. L. lNodeL1 Western Reeene Radiology 
Dr. Louis HemqeLmean Los Alamoe Radiobiology 
Dr. Wm. F. Eale Unl?. of Rocheater Biophp i c s  
Dr, J, Q. Hamllton Unit. of C e l l o m i a  Radiobiology 
Dr. Andraw H. nmdp 
Dr, 0 .  Fa?LLa Colmbls Unlteretty Bfophysicr 

Dr. J. C. Au'b Haroard fndw. Medioias 

1% 
1 1 

.I 

3 .I 

8 

lpame faoat l o a  Specialty 

i Unit. of Chicago 

RsdiologJ Univ. of Rochester 

Pr. Paul IIaha Vanderbllt Univere i t y  Phn 10 1067 

I 1 5 C ~ 1 , i . i  
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t ' i v .  of calu;mia 
u i v .  of chl~ago 
Cclumbia University 
Yale 'Jniwrsity 
C",rnegle Inst i tute  
Yale University 
Columbia University 
b'isctnsin Wvemity 
U.S.P.H.S. 
Chicago University 

irc.€v. of Womb 

tlniv. of ;%shington 
?ufts University 
Bockefell tr  Poundatioo 
Unio of Rochestar 
Ohio State University 
i%uxierbilt Universftp 
Prlncetoa University 
Vni7. cf Rochester 
Staiford Universitlr 

L O S  A h 2 0 8  

UnLV. of I l u o i s  

8 %  Dr. Franclo 0. Schmitt 
Dr. D. B. Phamister if1 Dr. Frenk Fmont-ajuth 

3 Dr. H a a d  Hodge 
Dr. Garhardt Dessauer 

Dr. ?hhilllp D r h k e t  
2 Gr. iiozard Raggard 

Dr. Robert A. Kehoe 
Dr. James Sterner 

3r. Geo H. :'ihipple 
4 Dr. H. T. Kisrsner 
'FI Dr. Shields !Tamen 

Dr. 5'. 3wm Jones 
Dr. Peyton lbus 

9 Dr. 1. C. Xn te rn i t z  
Dr. iViJJard Allen 
Dr. 16. B. 7jsscher 
Dr.  E. P. K. Gel l ing  
Dr. Andrew C:. Ivy 

' 

Donald De f i b h  

Dr. L a  T. 5'~dilhd.l 
. .  

1I.I.T. 
unlv. of Chicago 
Zosiah-MIacy Foundation 
Univ. of Rochester 
General Electric Co. 
ilattl Inet i tute  of Health 

rUniv. of Rochester 
Harvard Uaiveraity 
Yale Unlversitp 
Tlniv. of Cincinnati 
& s t m a n  Kodak Co. 

!hlv. of Rochester 
Zestern Resems 
Harvard University 
Y a l e  tlnfversity 
P-ockef eller Ins t i tu te  

ii'ashingtan 'Jrdvemity 
Univ. of Ykrnesota 
Univ. of Chicago 
Worthwee tern 
U.S.P.H.S. 

DoW ChCmia CO. 

Yale Unlmrsitp 
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bnlversity of Calltornla at San Franctsco 
Special Co'lections Lrbrary. San Francisco CA 
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( i E C D R D S S E F I E S - . J L E  

I. Rerim and approtsl of pmt program. (Medical runaaarx 1943-46 
t o  be retrieved and approved if poeeible). 

11. Scope of' Research Program 1946-47. [Appsadlr A )  I 

:' 
F (UO%Terlitr Of Chicago) Arsooae h t i O M 1  &baratorier 

University ai aoooester 
Unlveraity of CaUfornla 

hmllton 
Stone 

Co lumbla Unlvers i t y  
U n l v e r r i t ~  o f  Waahlagtoo Seattle 
Honeanto Chemic81 h r p .  ICLinton iabors tor ie r )  US= 
Nonssnto Chenlca L Corporat loo (Dsfion) 
Lor A h m a  Yeatem Resene Unlrer81zy 

c 

1 

Ccmtract8 Aual t iw Approvsll 

Unlterslty of  Tenneaaee 
UniWW'Bitl O f  Vlrglnle 

111. Rooommendations f o r  Future Research P o l l c ~  

A. Scope of fmdamentel work ( tha t  approved i n  September meet- 

B. l l W Q  Teqtlng with special materialr 
ing) (Appendix A') 

IV. OrganlZatlO? of Medical Rerporulbllltie8 

A ,  Advi8ory Comltteer 

1. A d V 1 8 O r J  Comnlttee on &dice1 Rerearch and sppllos- 
t l o n  (Tolereaoea, Staadardr and H8zard Interprets- 
t ions in addltlon t o  reiearab pmgramr). 

2. Adtidory Committee on Indurtrial  Msdloitm and Tori- 

3. Adrlaory Committee on Health Phpicr.  

Medical Dlvlrlon a t  the pressst level v i t b  the ava i l -  
able reduced force nov in tha t  offloe I8 vel1 a8 8alar;J 
8chedule. 

cology. 

B. Reoommsa&tlon for  the oontinwtioa or QQI3mwOn or the 

! 
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1. Sfatesent of the urgent need for qualified t ra ined 
p b p i c  lcaa 

2. S O W C S  Of ShhpBiCial?a. 
A.S.Z.P. 
Civ i 1 l a n  I 

3. Recc.5ue3datlou.s f o r  8pscif:c training program. 

f V. Recomendatloca for b d i c a l  Dlroctor end Cellneatlon of Reapowl- 
I b i l l t i e r .  

f PI. Repr98etktOtlOo on Adrieory &ard t o  Atomic Eaerm Com~lralon 

YII. Release of Inforrrmtloa 
a 

Recommndatlon for a IMBB meeting (d a l l  preaent and fo rwr  
Atomlc &term Comlsalon medical rereerchera,at vhich tlm 
a pro&ram (I bsp) wonld prerent acourate informtion on 
a l l  mqdical aspecta r e l a t ed  to atomic ewrm than available 
for  r scur l ty  clesrsnae. 
rclsotlfio personae1 in a l l  p r t a  of the country. 
follwlng ruggedtiom are pertinent f 

Thin meeting would be open t o  
The 

3 

A.  

B. h cen t r a l  locatloa rhould be relected t o  l ~ u r e  

C. 

Approrimatelj 6-8 mnthr prep ra t ion  rould be 
required. 

a nrarimun attendance. 
Abrtracta of t h e  program rhould be circulated a t  
h a r t  one month grlor t o  the date of the meeting 
( r l m l L r  to tbt procrdurs ured bi the Federated 
Socistier of F ' h ~ ~ l o l o s ~ ,  Biochoralstrj, etc.)  
Therq abr tmot r  rbould be apFoosd bi e prariourly 
selected e d i t o r i a l  board before releare. 
Coaslderatioa ahould be giteo toward the fouodiag 
of a am r c i en t l f l a  mocletf whom mJor in te res t  
vould be bared on problem8 of r a d l o b l o l o ~  18 re- 
la ted  t o  medical ln te rer t .  The Journal of Radio- 
blolagJ pov belrpe Lrurched could ve l1  be Mde the 
o f f i c i a l  Jouraal o? thir aoolety. 

D, 



$8 O f  OtudJ lnclud8 I Gcaeral Studlea in Redlation iMLuding (1) phpsical 
$ ~ ~ e f ~ ~ n t  of radlatlon,?2) biologic31 afx'ecto OF radiation (3) method8 of 
teatloo or minimal radiation CaJsges and (4 )  sethods f o r  the prevention or 
dirt ion IuJurler. I1 Bszsrds Que t o  a cia1 h t e r l a l r  (for non-radioactive, 
dioactira, O p d  fission UmterfsLsJ Ii<rso of t o x l e l t j  (2) preventative 
nsurea. I11 Speclal FroductIan Enzards and fv Hazard8 of Milltary User. 

Aatlorrsl hbora tor lea  (Univsralt j  of Chicago) 

r p a a  ituection. 
Toxic eifsctr  of e x t e r n 1  radlat ioa and abrorbea radloaotivitr .  
Rdsponse of blood ce l l s  t o  various typer of &bintion. 
Chzwala offectr  of radiotian and radioactive mtsrlrlr in  snlmalr. 

barlr of radiation effeotr .  

1. Cewrat phjrlologtcal picture of eau:e and chroalo redlatloa.  
2. Retilation effect on blood clot t ing,  Lpolphoefits dl r t r lbu t loa  and 

L 

induatrlal  monitoriag. 
radium and utaulua 

In human and a n a l  rubjeotr. Application of traoer experlmenta t o  
ierte other parto pf the project. 
myriologicsl  e i i a u t r  of exporure to  acute and ctironia redistione in- 
oludlag radio ieotopea; rearch for  therawutla  asthodr of rrlue. 
Detelopzmnt of porrlble chsmioal techalque or methodm o? detectlon 
of radiation damage and t b e n i n  by vbloh such s??ectr are pro- 
duce&. 

3. By nn~rao of rpeetrorcopla mthodn t o  rtudy dlr t r lbut lon of uranium 
and other heavy mstslr of lmportace lo uolaal tlrrue; rssrcb f o r  
poarlble cluer a s  t o  the atathod of bony daporltion of redloretfve 
mater*lala. 

6. Btudjr of the time lnteorl ty  faotor  lo 'radiation and dovelopabat of 

e i fea t ) .  
7. Study- of the  metabolism of plutoulum, poloalum, radium, etc., 1n 

huaan eubjbate. 

, 

ai c 

3 .  

4. 

4 
F 

2 

PhsrpnraOLo~ 
I 

I. Study of the lnhabtion t o x l e i t j  of rarlour uraalm, berflllrnr 8a& 
t thoriim compouadr. 

halotton t o r l c l t j ,  
Studisr in the  raeahanlrm of produdtloa of in- 

- 3 -  
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Jniversity of  California al San Francisco 
Spesial Collections L brary San Francisco CA 

I "  

I*aTEJ I 

2. By cbemlcal technique, r tudier of the mectianlm of uranlun fixa- 
t l on  In bones, uranium complex function, msthodr of ororetion o r  
uranlum. 
Toslzlty o f  uTanlwa, Saryllium and thorium compoupdn br lagertion. 
Pathological effeotr  of uron?um, beryllium and thorium poironlag 
and m9chn:w b j  vhlch producsd. 
PhpS~ologlcsL effect8 of uranium, b e r ~ l l l u m  and t h o r l e  polaonfng. 

3 .  
4. 

5 .  

4 R p e r l m n t a l  Surmry 

1. Cllnlcal, hanotological and pathologlcal e f fec t r  of acute le ths l  
radlat  ion. 

2. Methods O? bone marrw traueplantatlon. 
3. Studier in bone me~mcm reaerve and radiation effeot. 
b .  Tl6eue culture studiea re la ted  t o  bone marrw produotion. 
5 .  Effect OS fo l io  acid and r u t i n  on mrmv r e g m r a t l o n .  
6 .  Studlee in umtabollw of lodlne by t b r o i d  (1%). 

Experimental Semtoloiq. 

1. Cmparatlte study of 'blood histamine and hemtological a i e o t e  in 
ce i i e  . 

2. Btudier on l i fe  c p l e  of blood pla te le t r .  
3. Studlea on l i fe  cycle of UBC Leukooytea. 

I 

' i  
bsdaa~imau8*moult* R# 

1. 
2. 

Cont fua t lon~of  rtudier of ef fec t  of chronic radiation oa nice. 
C:ontlnuatioa of rtudiee on ef fec t  of acute and ckronio radlatlcm 
(X-ray) on Porophilin.  

1 3. m 8 b m t b 8 .  

1. 

2. Fleaion product traaor atudler. 
3. 

4. 

Studier of the m e t t b o ~ l m  o? plutonium, uranium end f10Blo8 prodUCtr 
In  rate.  and am. 

Hstabollam of radium, actlnlum, anrsrlciun and crrrlun In a n l m l r  and 
m m  . 
Studler ( p i l o t )  on poselbly hazardour a r t i i l c l n l L ~  induced radio- 
ac t ive  elements, i.0. chromium, nkkel,  s t c .  

9 
f 

1 i! 
5 .  Btsryllltm traoer rtudler. .2 

6. Tr:acment of plutontu.  ~pieonfng. 
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S'PXXXX A (Cont'd.) 

. .Eaharlor of fissicn productr in aoiia.  . Biological ef iecta  of f ies ion recoil.. 
9 -  %arch for other u COmCoUUd8 vhlch W I L L  localize 10 organ8 other !i 

. f  
7 

1.. Iltudier on t h e  noaeuremant of f a s t  neutron8 for  biological d o ~ g e ,  
2. Ikvelopaent of a method of sueasurlag ueutron dore b r  chsala8l meane. 
3. IQarurs8snt of radioactive lrotopsr for blologloal and modioal ap- 

plioat  Ion. 
h.  Correlation o? t l s r u e  borea and blologloal effeatr  produced b7'e.x- 

Item1 l ~ ~ a d 1 8 t i o n  a d  b7 radloact Ire' lrotoper internal l7  a d a h - -  
I o  t ere4 . 

5. Jhploratory blologioal arpetimentr t o  extend u8e of radio-aetlve 
:Lootopea ae t raoerr  on therapoutlo ageotr (15s). 

6. fltudles of the fundanental blologlcal action of Ionizing radiatlap. 
7. Ibarutement of the radiation of radloaatlve irotogsm t o  provide 

data f o r  the protection of personml and f i b  in t ra ru l t .  

8 University of Uashlagton (8eattLe) _ .  
8 

1. Acute a d  chronic effectr  of external radiation on fisher. 
2. Ikeedlng atudieb on a a k n  r o l i ~ i n g  radiation. 
3.  altudler on ths er iee t r  of Banford e i i luent  on r a b n  a d  trout.  
4. Wfect of lnternallj deporlted tedioaot l re  m t e r l a l r  on firher. 
5 .  Irleld rtudler on the effeot of posalble Banford pollution on 
' f i s h  l i fe  of the Columbia River. 

6. I'lankton experlawntr - effeot of radlatlon on higher f o r m  (nsv). 
7. P e e d l q  ezperlmant on deporltrd radlorot l to  a a t e r l a l r  (new). 

1. (bntinuation of mtudier on the blologlaal efrect  of rlov faat  nab 
thermal neutrolu on ra ta  and mloe. 

2. Contirutation on rtudlerr 00 the caraparetlve bloologlcal effect  of 

3. l!he ef fec t  of I n t e r p s l l j  deposited plutonlrn on bone healing. 
4. C:ytological progrm on the  blologlcal effect  of radlation on 

mihple o e l l r  and t l rsue.  
5 .  Tmtrumantation an4 techniques of radiation nrnltorlng. 8 

11 
% 

! 
9 gsnetrating radiation. 

Momanto C%emical Corp. (Clinton Iaboratorler)  UspHs i .a 

- 5 -  - I 
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,' 1. BZological s f i s c t a  Nlovlng chronlc erposwe of a n l ~ ~ l s  t o  
:cbsnlurp by lnhabt lon  and pnrenteral admlnlrtratlon. 

2. 

3. 
4. 

Correlatlon betveen chrcnia ermporure of vorbrr and poloplum 
excrst ion rate.  
Mecbnlm of action of polonium tox lc i t r .  
Developnent of apecial health phyrlbr technique for rpeclfic 
UUe in pOhlim F l i r f f i C a t 1 o n .  

rtudler on t h e  effect  

. 
of scute radiation efwrure.  

P 

e 

2. Treatment of acute radlat  100 dlaecee , 
3. Methode of detecting ear ly  dlatlon changer. 
4. Metabolier of plutonium, U 2 s  and other radioactive aa te r la l r .  
5. Detection of accumulated plutonium ln the lungs. 
6. Biochemical studies of nucleopotelna and th, ef fec t  of radia- 

t l o n  on the fundamental physiology of the  6eL1. 
7. Detailed rtudy of absorption of plutonium from oontamlnated 

vopndr . 
8. Any rpeoial  problerm crrlring fraa mbdlcal bazarb peouliar t o  

t h l r  project. I 

Ye !at em Re r e n b  Unlverr 1 t z 
i 

, *  z * 
1. Xnreetlgatlon of the toric effectr ofthorltmr and i t a  lrotopel. 
2. Comparative rtudler on t h e  bi010glCal effect  of external redir- 

t i o a  and that  from intarnal ly  dsporlted redloaotire materlrlr. 
3 ,  Use of radloact l te  lrota~er ln iunbamental blologlcal rerearch. 

Tlieae generel t i t l e e  a re  glmn iMalwrtch a@ a program hsr not been 
1 

a o t i r e ~ y  rormulated. 

Contracts Avaitlng Approval: 

~ i l v e r s i t p  of Virginia - Dr. Alfred Chenutln 

qmm 6 neutrons') on the clroulatlng blood protein@ by ekotrophor- 
os ls  and protein frnctlonltcltion technique. To d e t e m t m  whether meam 
oi earLp detection of radiat ion damage can be accoqllrrhed in t h i s  vay. 

Study of the e f fec ts  of r r r lour  type@ of radiation (alpha, beta, 

@i+Orslty Of TePaeaOee - Ih.. Yillr 

Stud, of t h e  meshanirm of to r lo  s f feo t r  of uraniu8 and other heavy 
iaatal corpormdr on the kidney. 
work v l t h  the Rochester Manhattan Project duriw the var  and aontrlbutes 
t o  that  general etub7. 

Thlr lr  e continuatiolr of Dr. Ull l r '  
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,yeis ~y of  Caliiornia at San Francisco 

Special Ccilections LNbrary San Francisco CA 
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1. 
2. 

3. 

I .  

The meohsalen of blood tesael lrjw br radlntloo. 
&na umrrw i n J w  by radiation, Ita repair a d  
treatment. 
Mtehaaian of "metal" depositioa in bone sad meoban1.a 
of removal *om bone. 
Protein dewadat ion following radiation and ohsaiorl 
injurr. 

i 

\ 



br i ve i s l t y  o' Californ,a at San Francisco 
a C; ections Lzcrary San Francisco CA 
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. .. 

, I  General Studies of Radiation 

me radiations encountered i n  nuclear fission as as thorn 
encauntered f rem mtura l ly  radioactive substances divide t h m s e l ~ e s  
i n t o  the followhe types: 
Information available P r o o  the l i t e r a tu re  on prsdous studies ihdlcate8 
a ra ther  extensive knowledge cf the  biological e f fec ts  of X-ray8 and 
p u n a  rays and re17 l l t t ls  inCcmtion on alpha and be* 
nautrons. 

Alpha r a n s  beta rays, ganma r i a  and nautmna. 

rays and 

I 
The programs  ere and am organized U s h g  the idowing  basic 

outline: 

A. The Physical 2eieuramsnt of !?ddiathA of TariOUs type0 - Hem 
it is necessarg to develop methods of accurately measuring and standard- 
izing the dosage of radiation t o  be used i n  ths  biological experimentation 
and measumment of the extent of any hazardous radiation which might be 
f0ur.d i n  a plant  area. 

B. The Biologid Effects  of Hadiatlon. Because of the known 
deleterious e f fec t  of radiation on the animAl orgadma, it becanas neces- 
sary t o  determine the e f fec t  of controlled dorages of the tblrloue types of 
radiation on various 'anlml species, 10 that sach observations can be usa3 I 

l n  the  control of possible hunan exposure. , I  

h e  types of biologicd. e f fec t  p o s s i b b  t o  st- m: 4i  ! 

(1) 

(2) 

The SurviTd Tlma o r  percentage tha t  the effect of a 
given dose w i l l  reduce t h e  n o d  M e  s p n  of ciiffemnt a n h l  species. 

The Oenetic &Sect8 of radiation as m d d f c s t e d  in t h e  
Gcoelop;,en: of abnormal i ndividuu t ypes fram changes i n  the hereditary 
zechaclsm. 

(3) Histopathological Changes a8 demonstrated by abnonml 
changes in the  make-up of t h e  variorw body t issues.  

(4) Phsiolorrical  C h a n ~ ~ s  produced by the a l te ra t ion  of the 
normal functioning of anlmal tissues following radiation. 

Fotentiel  source of these physiological abnomalitiee. 

n 
* ( 5 )  0iochSmical and kzymatic  dist-ces rhieh ala the 

. 
- 8 -  
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I C .  Hethoda for t h e  B t e o t i o a  of Hlniml Radlstlon Oara e are developed direct ly  from okaervrtion of the abora typr and are apt i ied  t o  
' 8tu.dy of the 'amen lndlrldual or vorker. Tbeee inclub0 rtudler on: 

(1)  
end vhlch,  If meaaurabls, can be corrected before irreveraIb1e demage  ha^ 
taken place. Examples of such change would bs effecta on the metaboLlsn 
of coproporphyrlne, excretion of abnorml aubetenoer In the urine and the 
llke, 

Biocheaical and IBzJMtia Chaagea vhlch mi~y be detected 

(2) It has been lmonr that radlatloo degreraee the fuaotloa 
of the henatopoetic system and detailed a tudj  i e  indlceted t o  detect early 
chaingee under coatrolled dose radiation v l t h  all blood elemante under am- 
tlniuoua obeervstloa. 

(3) The F~oductlon of Anatomlael Chewer auah aa e p l h t l o a ,  
a n n  erythema, and akteratloua lu the  integrity of the akin aad the lib ' 

mus't likevise be studied under controlled dOMge. 

D. 8tudier are llkewlse indicated onasthodm f o r  the p.stentlon 
a red la ti on 1 ~ 1 ~ 1  e ~ .  Them Inaludor 

. i  
B 

. L  
(1) Method8 of p h n l c a l  detection of external radiation br 

the derelopent  of iena l t l re  d root readlag irutrrosntt. aapablr or the ' I  
detoctlon of aaouata of radiation well belov thoro aeoeraarf for demoa- 
etrable InJury t o  the animal subjeatr. 

c 
r 

, 

radioact ire 
x i o e  mater 

1 (2) Methodr f o r  the d e t b r a l ~ t l o u  of harmful emuat@ of 
duata and @re8 la ilr, la vater  and the Like. Many radio- . 
81alr l ike radium a m  (leporited in the body nnd In ouch loca- 

tiorra produae l & u y  t o  tlelaua. Msthodr bared oa the determlmtioa of . 
dnngproua nmuntr of these OUbrtmoer bf eLInlllrrtlan of t h e  excreta and 
d i rec t  mearuremeata of the bodf ltrelf are aeceamrf. 

1 
7 

t. R o t r a t i r e  M o ~ ~ w O B .  Btudier on the sifioleacf of rhieldlng 
agal.nat radlodotlre oa te r ia l r ,  the effioienof of exhauat and raatl lntlng 
8prtema aga lmt  da~ror r r .amaont r  of dueto, the developllsnt o f  protective 
olothlng and devices, and the deveLopn t  of remte control prooearlng 
mbtbodr hate been sxtrmmly Important In t h e  Wsnhsttan Dirtriot '  protectlm 
progpn t o  date and u i l l  continue Into the future.  

i 

I 
i 
7 -. 

tlon la the a x p a c e  f o l l o u l ~  d;porltloao? radioaat im m t e r i a l r  10 tho 
body deeorvee conrlderable atudf. Replacernut of the -god hemtopoetlo 
elements dertroyed by ae~me radlat loa erpoaure offerr one poaalbll l t t ;  40- 
tect loa and neutralization of uaktwua toxic OUb8tltmt8 produaed b j  radla- 
t lon  and other ouch d i f f icu l t  problem8 d e r m o  aomiatent and detailed @tudy* 

F, The poarlble therapeumlr o? radiation damage by t he  me of 
replacement therapy f o r  the Qmsssd bodily e l m n t r .  a0 vel1 a8 the reduc- 



A l l  the. above studies are neesaeary on alpoa, beta and gam r s p  
and n%trms of t a r r ing  Icfenslty. In addltion, t h e  radiation *am the 
r a d i c ~ m t i ~ 8  ~ u b a t c * ~ 3 e  t o  38 dlscueeeb he6 likoviee to be aorrsideted. 
the ef iects  s f  acute a id  chonlo axflewe suot be determined becalm of 
the ir t l i e e  fmi lar 1 t y , 

Also, 

IX Qzarda h e  t o  Sgscinl Paterial8 

For hroylty it l e  pr;eiorsble t o  discurr the potential  toxicity ai, 
rpecial. lastsriale by f:ret itidicetlng the type of stud7 to be carrled out, 
follouad 37 the pseen tc t loa  of theae m0terleh on which a t u d t e s  have been 
necessary. 

A. first, an actual determilration of the tox ic l t z  of a rubrtanoe 
murt be made indicating bow p i s t n o w  it may be in both aoute and chrm!o 
e x ~ r u r s .  
plant eaviroamsats. 

In t h l e  wsy the t o r i c  lerelr m y  be avoided in  laboratory a d  

(L) The mCe of entrance intx t h e  body by ingestion, inhala- 
t ion  and*skln ebsorptlcn n u t  be rtudled a8 different Prsnlfestrtiona and de- 
gree. o f  t ox ic i ty  m y  be woducsd by each routo employed. 

(2) A careful anslyria met be made a# t o  the o b r a o t e r  of 
s wctb the prodwtlon of physiological, hirtopatho- the blo'to ice1 cha 

evidences of Carnage incurred, 

(3) Tbe nstur-e of these injurier and the macbnlem by vhlch 
they CCCIW nust litwise be studiod lwmuoh aa t h i r  aiiords laPonation 
aa t o  the necessary protection and lndicated thorapy s f te r  expaaure. . 

B. =dat ive maarum8 require etudy. 

' i  

' (I)  me e f r e a t i v ~ n s r r  of p h p i c a l  methods f o r  the remorri of 
hazardous duets, reduction ln akin contact and vevention OS ingestion muat 
be mdeeured, and n a t h o b  fo r  aeonrate doterminstion of ouch hazards muat be 
developed and used. The ule of nertain c h a l c a l r ,  olntmentr, and the like 
an protective measurc18 must be studled a8 t o  their  e?flclencj. 

(2) Protective derlcee such ad respirator@ end olotbing mast 

(3) -  FiaalLy, appropriate inoertigation of thbrapsutlc masurer 

be teetea on requirad eubetenoes agalnnt which they w i l l  be uaad. 

t o  be used in the trostmsat of both aoute aad chronio poisoning r t a t e r  rhoufl 0 

-they occur in lnduat r la l  oxporure must be =de. 

Completion o? a l l  phaaes o r  the above program on a variety o f  rub- 
atancea ]~rovide@ complete irrlormatloa a r  t o  the medias1 arpectr  asoearrrf to 
be connlilersd,ln protection of the vorker, prevetition of iajurf and tre6tmnt 
of LnJury should it occur. 
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C. Bubatancea on vhloh atudies of t h i s  type are m c e r s a r ~  are: 

(1) Uranium and its conpounda 

a .  Uranlum metal and its chemical canpoundr, a i d e ,  
ni t ra te ,  ahloride, bromide, t e t r a  ana hexa- 
fluoribe, sodium and aamonima sulfates.  

b. Uranium chain of heavy metals 
i 

Uranium X l  
Uranium X2 
Radium 
Po loaim 

a. Fission produots of cleatage of U-235 and plutoniun. 

6 .  ArtificLaL iaotoper of uranium - 232, 5.314, etc.  

(2) Thorium and I t a  chain 

(3)  Plutonium 

( b )  Special Acoesaov h t e r i a t  

a ~1uorocarbona 0 .  Bsrylllrno 

b. Fluorine d. Otherr 

111 Product loa Bazardr 
1 .  Tho resa l ta  of rtudiea Mde on the mterlalr dlscused above are 

applied for  tho prevention and control t4 indur t r ia l  hazard8 arising in the 
large aanufacfuring areas vhero there mnterlslr are uaed in large amounts. 

A.  In the Zlectroasgwtio and Diffwioo Methods ?or the laolatlom 
of uranium 233 the  m j o r  hazar'd. are from t h e  uranium compounds, the con- 
centration of uranium Xl and XQ, and the special accesrow msterlala aud by- 
producta formod 1x1 the procere of nonufacture. 

B. In t h e  'grcphite pile vhere pluteoim (239) le  psducsd on a 
large rcole, the hazard8 a re  from the  alpha, beta nnd  gam^^ e y r ,  neutrons, 
the plutonium metal and lts compouods, the various radioactive fiarion p o -  
ducts reisulting from the pile operation. 

the 
the 

C. The ahmica1 i s o h t i o n  of polonium f o l l w l n g  i ta  fo rmt ion  lo , 

pi le  incorporates hazarda from alpha r sd la t loo  folloulng abaorptlon into 
body ,, 
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D. StuQ of t h e  nadical aepecta of plant grogram aside *on t h e  
, ~ ~ l ) t i o n  of the effsct of radiation an6 chosical toxicity, include ad-.  

,oNi information obtciaed from plect i n v e r t i g a t i a ~  froa: 
I .  

(1) Clinical aurvey of a l l  expored psrsonnsi, 

( 2 )  Monitorfag of hazards by s ~ e c l a l  l~rtrumeat8 and methob. 

(3)  Survera of nev t m s  01 graphite pilea aod produotion 
equipeint 

Hazards of Atcalc Catsstrophe in Production Areas. 

A. Duediate Effect8 

- \  
! 

? 

(2) Blsst - the bleat  of a t ~ ~ ~ i c  * ~ 1 0 0 i ~  i o  00 iatterue end . 
ma? have t o t a l l y  dlflermt type8 ~f shoak vatell, recoi l  
waoes v i t h  other unique biological effeota vhiah rhould 
be investigated. 

he06 not been etudied. This also iwIudea tbe  combinn- 
tioa effect  o f  a l l  three item in thio group: bloat, 
rqdiation and heat. 

I 

(3) - The intenea bonro from act inic  tJpe of radlntion * ;  

(4) 

\ 

Decontamlnrtion - metlmodr of decontaaioatiop of so i l  
and the like m u r t  be vorked out for cleanlag up active 
aream. 

Invea t imt t re  Equlpuent_ - rpeoial eguigmsnt munt be 
develowd and teated For uae in t n v e s t i g s t ~  bombed 
areas. 

Study of caeW1tf effect8 - f i e l d  8tQ67 Of fl8r;oo 
clouds, posalble injury t o  vater supply, s o i l  and the 
lfke,  human daamulge by population a m e n .  
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APPENDIX A (Cont 'd. 

( 5 )  Study of treetment of a l l  m d l a t e  s f h c t i  auch ae 
radlatlon, heat and b l a s t ,  

(a) Preparation of pert~nent informetion in proper r o m  for use # br cataetrophe unit8 i n  productlon aroai. 

i 

. .  

, 


