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In general t h i s  series G f  atstr iJcts  proviaa i i  C l e m  concert of 

the current statu0 Lf PkSUltS in the cversll  r roject  L:IC as such 
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I. 

0' s a f o  stnritlc,rds for emos-ire to u m i u n  and 

1 

4. '%ithods for mco-nition rrrd control of poisonirq.. 

Dates of'"-ork -- "ovambet 1943 to nmaen5. 
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Contml a n b a l o  mere testad under identical condltiacs oxce;rt that 
m i m  oonpocmds m t e  .lot -resent in t:.eir ciiot. 
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those fields: 

“ot!mr?s foz tho m i f o r .  msTmcion of cucli fartiole6 in 9XyM-i- 

rrellfal O h m h o r s  ?mvn 8160 been develaped. 

Ird:twnal cortical horrzones alco =used Q delay in the nortality 
but no redmtion in It. 

Oral 8odium biam-bmate and sodim aitrate m d w d  the mrtnlity 
by atl annmciablo ~ m n t a m  tn nitrate poisoning. 
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\ rebbit 1 mbbit 0.1 
&8 I3 does 0.2 
m- pie 36 rats 1 .o 
at0 rdee 128 Iraneters 6 .O 
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a. o!mn(=e is obcemd in the con.lupi%ion of v~itmola. 

e. Soft  tirreusr at ell neriods excent the forty-five rdnute 
-rid shar* Iere t:xm Z !  of total Close. 



e, Llobr and spleen initially contain 35': of t!m done, fall- 
fa s'.* forty h:n. 
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a. 'The roduotion of hexamlent to totmtrslext ursnim is dynnio- 

Pentavalent m m  is too unstable t o  exist. 

a l l y  podsible in th ry-1 body althaujl moh I resctiaa is  undmbtadly mrp 
slow and oocurs t o  only e mall extent, Tho reduetion of tetra-mlmt 
mt is irSpOS31bh* 

triml.. 
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j. The effect of t% u m y 1  ion on rmal M o t i o n  is aa followat 
1) the -11 dose s1:ovs no cf’oct on substa1ces dii& f i l t er  thtauTh tb r l m r -  
uli (omtinine, xylo~e,  iaulin)j 
rsa’l>sorbed in tho dhatal  half of tl!e nroxirurl convolubd tubule (o?rlorldss, 
.mino eaid.nitq,em)s 
sorbed in t!m n t o d r r l  donvolutod tuhule ( f h I C O 6 9 ,  urea); 
of maroted substamer (nhonol red, diodrast,  hinpurnn); h q e r  dowo rocbe 
smrsrrt QIIkutiom ln plarasnrlf by tho blockade of tubules and d i i Y t 2 8 i a  of  
-tar soluble nntslrfal abmss denuded tubular vall and Chua mduoiny, al l  c l w  
a n w 8 ;  5) In oatalem oxemtion in the nibbit, this substawe is aornrlly not 
fyltdmd or aeawted by tb k i b y .  The mount of cata!.aee at cmo and a half fa 
two b u r s  after oxpasum i s  8 linear fbno t ioa  of the ariolmf of hemvulenf 
umulmn #Van. 
tmtxamlerrt la arzW-8:; the appearance of catalaae in  tho urim. 

2) There is an incmasa oloarance of subtBtauCe6 

5) Tlmro :=y be an increase in aubstrrnoes narti.115. maL 
d dooroaso cloamna 

The heramrlant ion i s  at last ?our tines aa ef’?eotivm os the 

2, To *,ish data rtiich rnuld establielr early indices  of uma- 
im toxioity. 
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RhDIaTXLN SECTION 

. 

FiL: UonitorinL Studies  f c r  d z t e r d n 2 t i o n  of rtdizzticn cxwsure. 

For the  purpcsc of indiczt inL thr: i n t ens i ty  of r c o i c - t i a  t c  v;hich 
pLrsonnc1 are uxpcsec, fi1r.i h a  thc? :.dvcntqe cf beink subjec t  yc feucr 
accidents cf the type giving grcss Lrrcr: i n  rcmiing cf indiccteil  apcsu res ,  
F r i m y  d i s a d v a t t t e  i s  the  f - c t  th:t blrckeninc t c  equc l ly  biclbgic:lly 
hazarticua amounts of r e A 2 t i c n  is dcpcnda t  upon t h e  nzturc  and  K ~ V C  len,th 
cf the rediaticin. 
Type K a8tuan Kcd&k x-ray fiL.1 1.zde up i n  the  s i z e  cf aentzl  prickcts i s  
used because Gf i t s  ,rc:t s e n s i t i v i t y .  k-xi cruss is Lttcched tr, f i h ,  
mkiw possiblc  by d i f f e r e n t i 2 1  dunsl ty  readings c f  devclcped f i lm both 
outside Lf and ccvered by t h e  1c:d crbss, t c  m a s u r i  the  rolativc; a u n t s  
of incident  betc a d  Lama r cd iz t i cn  ad t h d r  quc l i t y  2.s well as p n e t r z t -  
ing pcwcrr. With proper c z l i b r a t i c n  r ea j incs  cre rnde i n  r units tr t h e i r  
equivz lmt  . 

I n  p r r x t i c c  this e f f ec t  has been 1crEely 6vGrcL.k. 

' 

SuitEblc filr,i h o k e r s  were ciovclcIpeci cs i den t i f i cL t ion  bcdkes f o r  
p k n t  personnel. With czch bztch of f iL . s  i r e  develcped c e l i b r a t i w  s t r i p s  
of the stme fi1.n which h a  been exposed tc, kncwn & r c ~ u c t c d  rr : .Lunts  Lf &arr;;.z 
rx l i rh icn .  Use of thcse celibrczting s t r i p s  1.1ekes i t  pcssiblc  tc. c ~ p e n s a t c  
f o r  unavoidable ve r i c t i cns  i n  dcveloprient techniques as w ~ l l  2.8 bctch de= 
velcped veriati .cn i n  f i b  s e n s i t i v i t y ,  

The r e S d t 6  cf t h i s  s tmdcrd ized  study hew boon used in nonitcring 
personnel in all part6 cf t h e  t m h a t t r n  D i s t r i c t ,  cnti a serv ice  divisicn 
hcs bGen s e t  up i n  the lcbbretcry h a c  t c  supervise: and i n t e r p r z t  the resultt 
sc cbtahed. 

Develclpmnt of Neutron Sensitizers f c r  F i h  Krk, 

A phcltokraphic f i l n  packet h a  boc-n dcvcloped surrcundcd by e. f G i l  
of cobGlt, rhcdiui.. cr  silver. These nctCLs arc sensitive t o  slcw neutrons 
2nd eait betz znd garsa rcd iz t ion  whtn G X ~ C S C ? ~  t c  neutrons. 
e r e  worn by suitzblc p a m m e l ,  Lhu hunrn boay with i t s  high hydrc-c n ccn- 
t e n t  slcws dcwn thG ftst n o u t r a a  t c  s l t w  ncu t rws  rh i ch  i n  tu rn  t c t  upon 
the w s t d  of thu f c i l .  Thus bota and 6- rEys m e  c d t t c d  which blacken 
t h e  enclosed f i J r i .  
packets t x c  attcchad t c  t he  sidGs of weter ccnteincrs  which d s o  s;mo a8 
a mans of slowing the f a t  neutrcns. 

If these badges 

Fcr thc  r u i t o r i n g  cf l c c c t i m s  thvsu spec ia l  f i ln  

Revelowtint of Hnstrumnts f G r  the iiezsureuent of bdiet ion.  

Tk follcxing ins t ruaents  hav, bkm dcsi,+cd, fzbricete,i ,  a i  placed 
i n  operztion by this sectim: 

1, An a l l  purpose (vmc)  t.atur f c r  tho neasure;ent cf bot2 W 

2. A surface Qpha iutm. 
3. i bui l t - in  alphc u t e r  for< neasu raen t  of hcnd exposure. 
4 . dphe, electronetors .  
5. Alpha. counters. 

' gacx~i rad ia t icn .  
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6 .  k d c n  cir I-ecsur- q p c r c t u s .  
7. Radrn brczth I - s t su r in t  eppmrtus .  
8. Thin Prindcx Geibor ccuntiirs a d  dip2ing G c . i , m  counters. 

RICLOGICt~L FESEnRCH 6’;CTILN 

X . mi-& Exp erir.ten t - t icr. : F c  11. w i n ,  i n t  r cv; ncus c d r h i  s t r L t  i c n  , 
tho urinary en rc t i . cn  .‘n bcth t i c h  i-nd l o w  L ~ ~ : ; ~ ~  r,.omts t c  0.02 t u  0.1 
%r cent cf the  \&osc L”cr a y  a c C p t  f c r  tht f i r s t  ~y whm th\; hiLhcist 
acse shms  throe t c  t a t  t i u s  the r z t c  of excrr t icn.  ”hc f e c e l  excret ibn 
i s  a p p r o e m t e l y  twenty t L e s  t,? 
tc ;  soventy t k i e s  cn t h e  t c n t h  dey zn,! six tildes on the f i f t i e t h  dcy. The 
retcnticln cqucls t w c n t p f i v e  p i r  ccnt  cf t h e  dmc i n  tc;n d q s ,  f rty f ive 
per cent on the  f i f t i u t h  Q, scvcn p t r  cLnt ct 130 d2.y~ ?ad 0.7 pcr cent  
at 300 days. (This i r c ludes  r;.,iccctive cieczy c;n thc 140 3r.y half-l ife 
basis) .  
lyrqh nodes, kidney, bcno m r r L w ,  2nd blood c e l l s  with the hi thost  con- 
centret icn in 10 dq-s .  
vesicles  shcw 2pprcldrlctelg t h e  SQiA ccncentrzt i .  n 2s the  tcn-dcy s tudies .  

u r inc ry  r:.tL on the  f i r s t  d:”~-, r i s i n g  

The c i i s t r i b u t i m  cf pclcniun i n  thc: t i s sues  shows the  spleen, 

A t  50 days, t h e  blcL4 c e l l s ,  tbstes, z?d s e r h d  

Foll~,vdLn~: bcutcneous in j ec t ion ,  the e x c r e t i m  rates ,  i n  t e r m  
of the a u n t  absL bed, are sLAlrtr t c  thcse t f t e r  in t rwencus  &An- 
i s t r s t i v n  with the  e x c e p t i m  c f  E hi,her u r i m r g  e x c r b t i m  Curing t h e  ‘first 
two drys. 
of which about 40 per  cent is r z t z i n c .  i n  t h 5  inject icr .  s i t e ,  

Abmt 83 p r  cent cf thL dicse raains in t he  t ~ d y  at t e n  deys, 

Orrl studids ShGw t h a t  3 pLr cLnt  t c i  5 per cont cf the  &os6 ie .zb- 
scrbea frcrA t’hc r_cstro- i . . tcs t i .A c a d . .  
m t e r i d  is t;xcrLtol i n  the u r ine  i n  t c n  ings. 
a p p r c d - a t e l y  the  3aze per cent .f t he  ab%rbed dcse ts i n  the  in t ravoncw 
a n i a l  . 

Fi f ty  per ccflt L f  thd a s c r b e d  
The f u c l l  excrct icn i s  

Skin r b s i r p t i c n  t h e  h u 2 n  su5ject  ind icc tas  t h r t  nc zbscrpt ion 
Th,: f ee t  c f  :.ice show less thm i s  detcctcble i n  f c u r  dEys cf exposurL. 

1 p3r cent cf t G t ? l  dose absorbed ovir  - t u U - d q  expcrbxntP1 period. 

so,& CCSOS a p p r c x L . r t i n ~  100 per  ccnt)  cf t h t  vzpcrized polmiut .  inhaled 
ky c rat i s  r t t :  inccl i n  h i s  lws. :.est \ f thr  ~010niu~ capturcd by t h e  
lung is cbsclrbta i n t c  the blcod strcz;.. ;_ivint  e s sen t i a l ly  the sffect cf an 
intravencus i n j m t i c n .  Su f f i c i en t  c l cn iu ;  i . q  bo re tained i n  t h e  i q s  
(U per ccnt cf the dcse at 10 dzys f f o r  a p ro lcnpd  
ilirect effcct,s on the ?lvicl:r ep i the l iu - .  (see 618llf 

By inhalaticln Q larte prcpclrtiLn (prc;bcbly o v a  30 par ctnt,  and i n  

r i d  t o  p r r w c t  

F ~ 1 l ~ t ~ j . n ~  intrc.vLncus in j ,c t iLn  i n t a  ha.-- 
h-wrrts frc:.. o.lE t c  0.3 . i c r c c u r i c s  per kiloGrtx, 

t he  twenty-four hcur ur ine showed 0.07 t c  0.8 per cent of  thc doso. Tho 
cwriyb dcil;r u r i m r y  cutput in t h e  f i r s t  week ncs 0.66 t o  0.24 per c a t  
cf thc L G S ~ ;  i n  t h e  sccond wcek, 0.04 t G  0.08 pcr cent; and et 70 days, 
0.02 p r  cent cf t hc  doso per day. The f a c l  dr i ly  excretion durino t:?c 
first week aicunted t c  0.56 tc 2.03 per cent cf the  clcse; 
yIcek, 0.73 per cent ;  a d  ct 70 dzys, 0.25 per cent cf t he  ccse. 

t h e  scccnd 
l a  very 

I 1 5 1 8 3 0  CeFDrrU- 
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in 

In  bra. r.C&-dstrEticn cf 0,19 , - i c r ccu r i t s  p u r  k i l q p , . . ,  the  b l o d  
?.mi urinc vdncs wen. 2.p; rcxi  -2. t d j  cnt- tLnth ,f t h c  ~ L S G  fcund a f t e r  
intrtvcncus in j cc t i c r .  cf a si i l w  dcse. 
l u s s  t h n  10 per  cenf. cf t h G  k ~ ~ c ,  ThL f c c t l  txcrr t iLn r,-.cuntad t c  77 per 
c a t  Lf t h e  dc.sc bj thrvL ~ y s .  
0.6 i . icrccurics r e A - a n c L  i n  t h L  bbdy cf a t c t z l  c,f lt.5 d.crccurics  _ivcn. 

T h i s  indicr- txi  absorpt icn Lf 

nt t h i  Ln1-i cf 230 ci ys ltss t h t a  

C. i f f c c t  cf  Vc?rirus rU.i;nts F ~ l c n i ~ i . ,  k r e t i c n :  Of 2 k r g e  
nwhcr cf substrnccs tusted, orJy  E.L-h Anti-Lewisite) csusocl E 
t r m s i t c r y  rise i n  t h d  f c c r l  oxcrGti t .n  s 'vcrd  w e u h  a f t e r  i n j c c t i m .  
This increzscci Lutput WLS b8nlcncsd by c latcr Lecrersod Lutput for a 
fow days. I n  the  f i r s t  24 hcur s  r f t c r  intravdncus injoct1c.n of pclcniuc., 
kl prcducecl ii ur inz r . ,  excri; t icn cf  5 pLr c m t  cf t h e  dose cs c m t r s s t e d  
1: i th  a norial  Lf 1 pcr c a t  cf t h e  k s e .  
dropped t c .  ncrr.f.1 levdls . 
i n j ec t i cn  c '  tisod nc e i c n i f i c m t  d i f f c renccs  i n  thci excre t icn  r&tLs. 
Tissue 2nalysc;s s h m ~ d  e s s a n t i p l l j  s i r i lzr  ccnccntrztiuris, except i n  
the  spleen whc-sc x t i v i t g  res ccnsidcrzbly lcwLr z f t e r  &;L t r c  t..cnt. 

Fcllcwin5 t h i s ,  the bxcreticn 
L L  t r o c t , s n t  i.x&%,cly a f t e r  subcutcnecus 

2. Distr ibut icn a d  Ekcre t icn  cf Raliur-.: 

Rats were i.njeAx,L with 11.5, 16.0, 17.2, ccind loo0 r-,icrcm.ries 
per kilqrais cf r a c ' i u  r-s t h e  ch lbr idc  cnd followed fcr cnc, ten,  a d  
f i f t y  dcys.  
9.3 t o  21.6 p,er cent. c f  t h e  dosc;; thc f e c c l  excriticn, 0.18 tc; 25.2 per 
ccnt of the ~rissc:. 
p r  cent cf tlhe dcs; :  cn thc  f i r s t  Cry; B fe l l  t o  1 per*cont  6n t he  
s ixth  k y ;  0.5 pcr  c c n t  rt  10 dzys :nd 0.1 Fc;r cent z t  50 Lays.' ;it thc  
t en  dzy ,ieriod, 40 t L  60 per  c e n t  L f  tho  dcsi; re:..tinsd within the  e n L d ;  
z t  50 &ys, 3,2 p i r  SLnt cf tho  dcsb. i n  ;._'.ditivncl cbscrvat icn indiczted 
t h a t  tho excrcticn rctes weri m.t influ,ncLci t;y thu s i ze  cf thc  dcic. 
mii.21 c2rricti fcr 236 ,dcys s.till retained 4G rer ciint cf  t h e  in jcc tcu  dbsb. 

'l'ht: urinr.ry exc rc t ion  cn the  first dcy a-iunted tc 

The tcltd exc r - t i a  cbscrve& w;.s f m ,  14.0 t c  44.0 

One 

D i s t r i b u t i - r .  s t u d i e s  shcwoG thc-t ct U, hiur3, 83 per cent cf t h c  
a a u n t  rc&ini. i r t  t h e  tcdy  nt-s Gopcaitcd i n  bcnu; ct 10 Jays, 99 per 
cent; a d  zt 50 dcys, 96 per cont. 
bonc was present In t h e  t rabeculac .  'lhe c t s t r c i n t e s t i n a l  tract shbwed 
8.2 per cent cf t h c  t c t d  2csc ct Lnt; &.y, fzllinL t c  2 s . r U  f i t u r o  at  
10 LN: 50 dys. CthLr s o f t  tissws shcwd 8.8 per cent ..t cnc Ucy, d S 0  
drcpp5nL et t h i  10 2nd 50 d2y j c r ic -s .  The blccd thbwck 0.005 pcr c G n t  
a t  10 dcgs, anJ 0.002 p c r  cent et 50 G q s .  0r:l a&dni s t r ; l t i cn  s tud i s s  
are in prCI;re.ss. 

The hiLhcst c c t i v i t y  feud i n  thL;  

t .. 
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Using dosapei apresssc! :s i dc rocur i c s  gcr  lcilc[rc--., t he  shc.rt tLra l e t h a  
ucse s tuc ies  ind ica te  t h r t  pc1Gniur.l is thrct t iLes cs t c x i c  =s plutcniur-, e - 3*/- 

\ 



c 

and thct p l u t m i u ,  is  r"-t l t?zst  t h i r t y  tixes as  tcx ic  is rcdiu;. 

t h r c e  substances, it is apparent t h c t  f c r  t h c  radiur,: a d  i t s  daughters, 
plutoniur.L, the- onergics p m  r.,icrocuries e r e  ?pprGfii.At3u equd J the ZXAGUIlt 
c;f r e d m  l o s t  frcr:. c x c r u t i m  being ccr..pensetcd f o r  by thc retr;ntLm of 
i t s  d e q h t e r  :prcducts. 
i n d i c e t e s  t h L t  t h o  fcrxer is . q p r c x i r s t e l j  twice cs twric pur u r i t  cf alphz 
ray  cner&y d i s s i p a t t d  i n  t h e  body fcr 10 dcys, f ivL  t k c s  n t  20 days, a d  
as high as 10 tic.t=s c t  t he  t h i r t y  e y  p r i o d .  

, 
Cn t h e  b a s i s  d r e l a t i v e  enorEies Lf t h ~  d 3 h a  p c t t i c l e s  cf thLse 

On the sme bas i s ,  the pclcniun/plutoniuz ccsparisc:. 

B i o l o g i c d  2XplmatiLn cf t h e  d i f fe renccs  i.zy bi. e x p l a i n 4  on tk 

The lank tim (Six t o  e i t h t  A n t h )  studies of the  c - .pcre t ive  l e t h a l  
dose t e n i  t o  ccrrobcrate  tho  cbcce f indkiLs .  

Pa tholokic i l  f i n d i q s  indicL.tG t h  t p i u r ;  spws a a f f i p y  f b r  the, 
hecatcDoetic s v w  # w a r  syst;.., l i v e r ,  kidney, bar&, bonc, and teeter 
with d-e proport ionel  t o  dose ?mi tiu. hews en c f f h i t y  for 

mu t e s t ~ s .  Thr chcnLm c,bsGi:?%th r&L, 
systen, znrf $es tos  cnly with d=,z;e again prcbcbly 

8YStCii  - shcws i t s  e f f i n i t y  f c r  t h c  h& 
l ivGr,  k i h ~ y ,  

c l t h o u g h  &.crc widely distxibutc,., cxe in l ~ n c r c l  aot  08 s n t r o r ~  
An unusual f i n d i n t  is t h e  devclopiAnt L f  fcr zdvenctd a r t ~ r i o a c l e r c a b  

t o  show i t s  k z t  s+vcr-e dcve lcpxnt  s t h e  h s a t c p i e t i c  systec, liver, md 

4. 

of tho zortr en2 kr&cr a r t e r l c s  incluCinc t h e  c ~ r ~ n a r i e s .  tendB - - 
b-0 - 

Dis t r ibu t i cn  ad Ekcrt\tJ.cn c;f Piadiccctive &turials i n  Ncn-tuic Dcacu. 

Studies  m e  h i n t  ccnducted cn the in jLc t i cn  cf ncn-tcxic a u n t s  ci' plu- 
toniur;, pclcrtiu -, r z d h 4 ,  uranim, am? pcssibly 1 ~ i :  i n t c  hum aubjocts 
in order t o  dleterAne thc  o x c r e t i d  Mitis i n  t h e  urinb ah feces of these 
m t e r i a l s .  'hesL s tud ie s  m e  nGt wciy t c  repLrt ct t h e  present tino. 

The irLfcrr:ation f a n d  fr-L: such studiGs will bt;: used i n  detmd.ning 
a c c u r a t d y  the dllcwcble a c r e t i c n s  cf t hcse  spb8tmces i n  t h e  c c r ~ f u l  
ncni tcr in ,  of' p l a t  parscrnnG1 vmrking wi th  the-. The urinory quotient ui l l  
indce-tc; thc a u n t  cf k rdu l  a t e r i d  prsecnt i n  t hc  body ct t hc t  unit  
tiric. 

5 .  Sumested s t d i e s  : 

C. Fhysicilcdc: 1 s x p c r k m t a l  wcrk with C14 mi H3, epGcif iccUy M 
prc;tein Dstabclis,.: such a i n  wcund h,.:ling, rGpair, cyins, canca, 
md t h e  like. 
1. Hcw subs t i tu ted  a i ~ h c ;  ac ids  behavt i n  t h e  body. 
2. L i v e s t i p t i m  cf bcnc ;;ctzbclist with m idea t c  therapy, etc 
Chmnic e f f e c t s  cf clphc e u i t t e r s  over a ten-ye= p r i e d .  Fcr w 
i n  c h r d c  tclercnce studies .  
u c i i t i o n a l  s t u a e s  cn r d i - t i v o  , - c t e r i d s ,  i a t a k l i s z  in g e & r d  
p z r t i c u l a r l y  with rekcrd t c  t h u  i t u m  rientioned in (I) above. 

b. 

c .  

F 
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1 )  
2) 
3) 

In as m c h  es sc,..c cf t h c  d t t e  i s  st i l l  i n  the proccss cf e x x b z t i m  
and znnlysis  cnJ  e x p e r L l m t s  ; r e  s t i l l  undcr s t k y ,  this reFi.rt a t  the best  

bu cLnsidiered t c  bcl L f  c. provis icnc l  nz-ture a d  subject tl chat ;a  ccn- 
t i w e n t  upcn f u r t h e r  mizlysis  Cf t hc  d,tta 2nd expcri:.mtc.tion. 

The t rcnsplantT-t icn cf t m e  t .  ~ K . w .  
The c u l t u r c  r f  bc1.e ..mrm by tissw c u l t u r b  ..&hdds. 
The t r w l s p l m t z t i c , n  I;f c. kidney. 

I Transplant:.ticn cf bcne u i r r cw:  

I n  undert,akinp such i? p r o b l w  cs r-arrow t rznsplan ta t icn  it W:.S fir& 
necessary t c  c s t z b l i s h  c e r t a i n  bLst l i n e  dctr: cn the  pc tcn t iLl  rGcipitnt .  
T h i s  inc1ak.d selbcticLr cf 2 t y p  cf r;liati.cn thLt wculd prcaiuco ~ L L C L . ~  
of tho  prcpbr cxtent x &Crte-. 
frcr.. 2 250 Kv ..rchu,c wzs f i m l l y  se lec tad  sincc it produced ElpproxiiLtely 
m L,D. cf 50 G r  s l i L h t l y  Lrecter, 

TLt2.l b rdy  r z d a t i c n  L f  300 r ;cut2 A c J s L ~ ~ ,  

l L p l ~ y i ~ ~  this dosc,t! c f  r c d k t i - n  stuciiss wcre then c:sriod cut t o  
dcterminL the  typo  znd exten t  Gf da.c:e t c ;  v .Ficus t i s suas  ?rr.l CrganS Cf 
t h e  dc. with capeci;l r e f t r cnce  ti, thL h a t c p c c t i c  t issue :nd tho  included 
bcne d.rrow. 
study hsd b~ be tested artl thcn USL. Rc?Jizticn (?:.ace t o  t h c  hcst 12s t h a  
estL.zt.t3J by c o r r e b - t i c n  cf c l i n i c a l ,  h c m t c l c i i c i l  mu pzthc lc , ic r l  f ind- 
in.p. U E t i c n  d&,..ct;c t L  t h e  bcnr: mrrLw at e ,iven pericci cf tifie CGUU 
be dotcr i ined mre p r e c i s t l y  by Y r e c t  e x u i m t i i n  cf t h c  ,-xrcw frm t h e  
livin; h;st by r c x v i n ,  such a spcjcen 2s 2 r ib .  

I n  crdtr  t c  cbtzh such inf'crA.r.ticn, cld 2nd new Liethds cf 

The cqc: r i i -a t s  cn t h G  t r m s p l - n t c t i c n  c f  &ne a r c w  are d v i d d  
h t c  the  fol l .cwint  j n u p s :  

Ccnt rc l  S tudios  
B. T r a n s p l a t  S tud ie s  

A. Ctnt ro l  Studies 

- -  
pcst-rsdiet icn eml was stulies cs CLntrcls to d & d n e  t h e  @tan and 
extent  d deraqerxnt of t h e  c l i n i c d  course cf thc  priE;hc?rnl blood ~ n d  
bono r-crmw pfc tw 'e .  
as tho  ti= c? xex7e3ted  death G r  secrFfice The paripherqJ blood wcs 
exadncci zt h c c l y  2:itL.rvds fcr t h c  f i r s t  f& huurs pcst-rdlat icn i n  
1, cf t h e  anir.sJ sI 

Hemto1Lt i . d  uri ptthclGCicd e tudies  wore =de 

Thrcc ~ f '  the 7 r cd ia t ed  d c ~ s  d e d  ,urinL the c a t %  cf etudy. w1 
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of the a n k &  mnif&stcd dehiscence rnd necrcsis cf their sur&;l 
wounds . B a e  :~mrcw s t u d G s  shared cmspicuous signs cf dogenernti.n 
beginnin;_ 4 d:!ys pcst-radict icn end n c x i ~ ~ l  kn+ between 7-34 &ys. 
This d e g a e r c t i c n  sppl ied tc the nyelc id ,  erythrciil a d  r;;e&akcryGcgte 
e h E n t S .  
be detected which w t s  I;brt ev iaen t  a t  26 h y s .  
a d  theroaf te r  thz r.-.zrow nzs h y p w p l ? s t i c  but u i t h  a-dl  ~ G L S  cf debris. 

ht 21 ,t ys FLst-radi?.t ion ea r ly  sii;ns cf reGen2rcticn could 
39 uzys p o s t - r d i a t i m  

ir grcup cor.sisting of 4 normal dogs uidenvent ai,-iler procedures 

Ncrial findinE;s wore noted i n  these a i i . ~ s l s .  
and study e a  g ~ u p  1 except thct no r ed iz t ion  wcs aliL;inisterc d.. 

3. Control. €b..dkteC 

Another r:up cmsis t i ry :  cf 8 ncrixl dogs w x i  studicd as cont;*cls 
t G  detcrrAno or c b t L n  thc ~~xxia l  pz t te r r ,  a& c.xtLnt cf dcringewnt 
of the c l i n i c a l  coursL, thc p e r i p h e r d  S l ~ d  Sicture, es well as t h e  
patholcEiccl ad hemtc lcLicr1  p z t t s r n  zt t L e  of enapec ted  aes th  c;r 
s a c r i f i c e  80 cl2ys pos t - rcd ic t im.  

4 

Six of the 8 Logs died cf r clieticn i n t c u c a t i c n  i.e., purpura, 
sepsis, o r z l  ulc=r:.ticn, depression of t h e  h a i t t c p c d t i c  s y s t e r  a d  the 
aeaociated prulhematopmie. 
chzngas i n  the3 hmetopoei t ic  t i s s u e s  . The survivint- a n i ~ - l s  shewed hyperplastic 

4. Ccntrcl. Elzdieted-Opereted 

A croup of 4 ncr..al dogs rmeivod 300 r t c t c l  bc& r x l a t i c n ,  under- 
went r ib  rescc t icns  3 days p r e - r x l i z t i m ,  2, 7, 2nd 39 days post-rcdi- 
a t icn,  k d  psoudo r-.crmw t r a s p l c n k t i o n  p r u e d u x s  2 dcys pcs t - r ea -  
a t ion timi waa s tudied 2s c c t n t r d s  t o  det,rrdne the  pct tora  clk! cxbent 
of Zercngeucnt; c f  thz c l i n i c z l  cmrse, the  Fer iphzrd  b l o k  c n d  the  
bzne mrrcw @.cturs. Hs;ztdc,iccl  rad p t h c l c g i c ? l  studies cf t h e  
mrrcw were =.de zt the t i r e  cf e:ch ri5 rJsect icn mi unexpactad death 
c r  ct sac r i f i ce ,  60 &ye p c s t - r t s c t i c n ,  

Three clf the 4. dogs- m r d i a t i m  i n t u i c d i m  with finil inhs 

s i n  the br.e .Lrxw uere  ccmpicuous c t  two days 
considetbly !.-ore u r k o d  a t  7 &ys pcs t - rad ia t im.  

Thb hyperplasia  Gpilieii t c  e m k c i d ,  nyel-id 

as ncted abov td i i t i cn  mund dehiscence ani necrcsis rea cnmnm. 

d i c t ion  ths  m m w  w t s  hyperplastic but meas of debr i s  
t. 

The data f r m  the precee-,hg & r a p s  p r w i d d  t h e  b a e  l i n e  i n f c r m t i o n  
upon which t o  ccriWre th6 results f x r i  t h e  trc.nsplanted p u p a  as ncted 
f O I l O ~ &  

1. Marrcw SuspensiLn Transpl'nt 

- r 



* . *  

A 5th Lrwp  c a d s t i n &  cf 5 ricn.:l dcr.s rc;coivLcl 300 r t c t A  bcuy 
rad iz t icn ,  undixwcnt r i b  res tc t iLns  3 ::c,;.s pre-r;.dictim, 4, 7, erL 
39 &ys pcst-raAetion,  reccivzti 2 S ~ L ~ C  nur;.-d r.;crrcw susponsicjn trms- 
p l a n t a t i m  intc  thc d i s t a l  end cf the  shzf t  of r i k h t  fwur, thr. r ight  
huxrus ,  2nd thL z n t d i c r  ch;y&er of each dye, a d  wcs studied t c  J L ~  
tcrcline the pet,tcrn dxtent d. 2crenEc:xnt cf the c l i t l i c r l  ccurse, 
the  pr iphcrc.1 b l i c C  :.nd the bLr,lt ~ r r c w  p ic tu rc .  
p&hclo@.crl s tud ies  were c z r ' i e d  c u t  c t  tht; t i z e  L f  uncxpc tc i  x x t h  
c r  sscr i f ice ,  30 cr 60 drys pcst-rzdizt icn.  

Hemtc lcLice l  

Fcur clf t hb  5 d c ~ s  died frcr, r a c t i c n  I r . t&cdion  with the 
t r m s F l 2 n t  sites ~f t h c  l o q  bcnes shcwing ccnsiderable evidence of  
~ll? herx r rhqe ,  or lan iza t icn  but very littlL eviJYnce cf nzw arrow 
Frowth. 
f i nd in i s  frcr-. thL . . c r r L w  t rznsplcn ts  t c  the -nt-rir;r cha;,d of the 

Rcsiduu-1 fe t  depcs i t s  with ccnnectlvi: t issue rcact ion wcr- t h e  

CyeS e 

I n  the  m e  dcg t h c t  survived cL,.,pLrc".tive s tud lcs  cf thc: l m z  bcncs 
did not indict-te t h c t  thc; t rcnsplznted s i t e s  wtrs mrt: hyperplcstic 
than the  ncn-lransplzrrted sites. 

2, Bone and :iiarruw Transclat: . t icn 

A 6th g o u p  ccnsi3tinG cf 4 ncr.;d. 2 ~ ; ~ s  received 300 r t c t c l  bcdy 
mciizticn, underwent r i b  resoc t icn  2 iays pre-radizticn and 2, 4, 7 
deys post-r2i&Iticn, r b c e i v d  t2 trmsplant:.tion Lf nc r d  kn; i  L ~ I ' G W  
m i  accol.,pmyiq bcna ccrtcx a d  e n k s t e u c  t c  thc; shLft cf thl: r o t  f e r n  
and a t rznspl . tntzt icn cf is szEznt ,  ~f r i b  t o  r ib ,  2 d?ys post-:*r.diaticn. 
A r z r r c w  suspcnsicn t r x a p l x i t  WE-s placed i n  thc r n t u r i o r  ch:-hGr cf er.ch 
eye. 
&cnt cf dercn,:er:ent cf the c l i n i c e l  coursc, the  FeripherPJ Slcc;C. ud 
the bone r a  r ~ v i  I icturc:. 
carr ied cut  iLt  tk tL..e c~f wkXpecteJ. cer-th cr sx r i f i c ; ; ,  30 c r  60 days 
post-rcdi&ticn. 

plant d t a a  showing old h e m r r h q e ,  cmnect ivG t izsue rc2ct icn and mw 
bone grmth bu t  very l i t t l e  uviircnce bf new L.;J'~CIY CrLwth. 
depcsits with ccmoct ive t i s s u e  r e c c t i m  wcrc nc.tc3 i n  t h e  cn tc r i c r  
c haciber . 

In  addi t ion this Lrrjup wcs s tudies  t L  detcr:.;ine the  ;.Lttcrn ?nJ 

Hfxatdc&ic t l  a d  p 2 t h c l q i c d  studies wLre 

Thrcc cf t h e  '6 dccs died of rc-;li?.ticn fntcxicr$icn n5th thc  h a s -  

P!esiClual fct 

I n  the  t h r e c  dogs t h r t  survived v..ficus t e j r c t s  bf mcenerct ing 
cr 'hyperplastic ;.;2rrcws ucs fcund but the t r m s p h n t c L ,  site8 tlwys 
q p e r c d  l o s s  x t i v e  thzn t h e  ncn-trulsplznted sitts. 

3. W r c w  ' T r m s p l m t a t i i n  t o  hcrvils rcdhtcd lcInr. b a e s  

k grcup of 4 n c r d  d c i s  rLc0iv.d r t d i c t i c n  cf 2500 r t c  LLth 
ent i re  h w c r  e x t r e i i t i a  s i a l t m o c u s l y .  
transplantc.t im "f E. n m x l  bc nu L2rmw suslx;nd.c~t WLS cmrit;.,: Lut: 
Strndard st,udies W a c  c a - r i e d  but t c  detbrdn,.  tht  pc t to rn  Lnrl atnt 
d' doranl;cr.mt cf t h e  clirucc.1 ccurse :nd the  perikhcrral blcc-. 
lcjgiczl  mi pakhclcgicrl  s t u d h s  werc c - r r i e d  out &t t h e  t L c  .f un- 
expected decth c r  s cc r i f i ce ,  

"WG d v s  p c l s t - r d a t i m  

Lllrztc-  

- 
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,,ll Lf tint anL.As  survivoct tht: Lrccedurcs. Rcsidzl f r t  h p c s i t a  
r d  ccnnbctive tissue respcnse w i t  n ~ u t  evidencc cf a t r z s d u l L : r y  
, -yelLposis  werL fcund at t h c  s i t e s  cf t rcnsg12ntc t icn .  

6. *&rm Trtnsplmts t c  SplcGn - Sljlccnic Rco.U.tic.n 

k pLup of 4 ncr;d ckrLs r u c o i v d  rcd ic t icn  cf 2500 r t c  thc: q,leenic 

StcnJmA s t d c s  wcre w i e d  aut  t L  J c t u r h c  t h e  
c c z  a d  2 t , r?nsplzntr t icn ,f ncri-cl bcns L : r n w  susponsi n i n t i  the spleer 
2 Jqs  ;xst-rzJi:.ticn. 
pzttzrn md exten t  c f  dcrm::Ldent Lf t h e  cLiniczl carse and t h e  pripheral 
blm5. H c m t c l c i i c a l  cad I ; t thcJcLic; l  stu&cs wcre c t r r i s d  (,ut et tlr; tine 
cf u n e x p c t d  &&h . r  scc r i f i ce .  
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7 ,  Urn w Tr Fnsi ,l-nt e t i  cn I n t  r?.vL ncuslg 

Twc L f  the L+ d c ~ s  died cf r -1.iktim intcxicc-ticn. 
znir;?ls shcmwci! p<.riiLs cf s l d v z t i c n  
nct n c t i i  i n  th? c i n t r c l  r d i c t d  Lroup. 
&*a* types cf c e l l s  were n d e d  frequently. 
ad. Ltypiccil cells w r c  nLt = tad  il.rAileY&.ly aft,r t r - n s p l a z t i c n ,  
hc;wevLr, ncr cciul;: such f ind ings  be expairied s n t h e  b e s i s  cf t h e  in-  
jactiLn :f : , p t r t i c u l c t i  m-ttLr such ts inLiz ink. 

Hcwcver d.1 
f thc  t c t c l  I N ,  ccunt thr.i; wbrc 

A t  thcss  poricLs of d c v t t i o n  
ThLst: i l c v s t d  pmici!s 

P & h i l q i c z l  s tud ids  ShLwcJ r x i l i a r y  bcne CeFr,sits within sr.al1 
vcins thrcu,-hout t h c  lungs. 

Bsceuse "f those f inAnl ; s  t h i s  phcsc L f  the  expori..ent i s  beine 
extend&. 

11. Culturc cf Bcnc M a r r o w  by Tissuc Culture Lcthcds: 

Xtbr ,u.c c m s i d e r a t i c n  i t  was deer,,_! desirzble t c  studJ t h c  cu l t i va=-  
t i o n  of bciic r L r r - w  i n  v i t r c  i n  crJer t L  prLviie c 1,ieeZns (1) whereby the 
r2rrcw cLulC: bc s tudied i n  rxre  d e t n i l  anu ... L r t  zccuretely with e spec ia l  
cr:- hasis Ln t.hc e f f e c t s  cf r a d i 2 t i c n  cn ccr ta in  cy tc lcg icz l  alteraticns 
(25 t o  consider t h e  f c c s i b i l i t y  cf estc-blishing c m r c w  balk i f  i3mrm 
c& bc cultivate; success fu l ly  2.n; i f  i..arrcw coulJ  be t r m s p k n t u c i  
successfully,, 

Such techniques i s  t h e  ruller tubu, t h c  Ccrrel flask, a d  t ho  s i t t i n g  
drcp s l ide technique h a w  h e w  trpluye.. 
diszdvantaic:$ bLt a c c . . b i n c t i ~ n  ~f thc  sl i .  5 cni  flr-sk technique appezrs 
t o  provide tlnc :ptii.ui ccnd i t i cns  f c r  crcwth a d  study. 

k c h  h i s  t h d r  aIvant2;es and 

ilith thesc techniques the fc l lcwing studies w G r t  czrricd aut: 

l*. 
2. 
3. 

4. 

5 .  

The 

studarc; 

i . 2 J T G W  

the  effoct if vsried c.edia on thc: grcwth -f bcne s.rrcw. 
t h e  e f f x t  of vcried E;= t ecs icns  on the grclrrth bf bmc ixrrcw. 
thc e f f s c t  cjf v a r i e d  s t i r i u l i  t o  bcne mrrow and i ts  t.rcwth is 
I A i  a. 
the cca-g;rctivs studies Ln t h c  ~ r w t h  cf nLri.,al 2nd reAated bcne 

the prepcrztion cf rzrraw f C r  t r a s p k n t a t i c n .  

interprGt2ti.m 

been coripletxd . Further s tud ies  w i l l  prob&bly be rtsur;e.l when t h e  current r e p r t  has 
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111 Transplantzt , isn cf a Ki,tnc.y !am 
I n  thd ;rcctss :f wcrkinl- with a i d  thc inci:.bnt:l cxFcsuri t c  ur:.ni.y; 

nrd uraniur.; ccr..:cunJs, it w2.s bel iavL,  t h ,  t ?. s i L n i f i c m t  s&&rc:c; -,f r e n d  
du.x~.:< wculd r a su l t .  
s i r e b k  t o  i i r e c t  ss,-zs a t t e n t i m  t c  ILSBSUI'CS which wculci effkct  sx:t bonefi 
t o  t h c  dor.;i-ged crCvi and thi;: csscc ia ted  ttr?nEz;.lents t c  t h e  h a t .  
the  f i r s t  prccedures ccnsidcrcd w ? s  t h c  ,?A.Liti,:m c i  2 ncr;..cl k i h q  with 
the  u l t i r a t e  hcpe tk.t 2 i-iethc,d c ru ld  bc w c r k d  cut evGntu:'lly whor6b:- 
t h i s  t r u l s p l a t c c l  k i j l e y  cc.uld func t i cn  f c r  A, 1,at 2 s&.rt *pcricd c;f 
tiix u n t i l  thc  L : - ~ . . q i . . -  k i ineys  hzd reccvbru,; s u f f i c i e n t l y  ti, ccrry c;n t h c i r  
func t icn  c6sirL. Du;.ing t h e  ccursc c f  s t u q  Lf t k  tr,xicity ;f uraniuri 
,-A< i t s  cc;.@unds Lt WES fcunJ th:.t thc: incidence en- h r c e  cf rena l  
dz;e,-e accuntLrL i n  i n L u s t r i e l  k.bcr&tcry F-.rs:,nnGl ucs a crLzt dezl  
l ess  thcn q c c t c d  and c?ccor*-lrL;ly less ct tof i t icn nLeu be Jirected t L  

tharnycutic i..&sures. 

Btceuse cf t h i s  Fnt ic ipc ted  ,kiqG it WTS f d t  :e- 

Gns -f 

Ris e x p e r b e n t  cacd rneL  i t s d f  wi th  t h e  initirl stuZiss c c r m d  Gut 
t t -  i o tor ; -mc c s u r c i c c l  tcchnicuo t h c t  ccul.2 be e:&ytd f c r  t%c trLns- 
p l m t  C t i c  R c f' a hcecgcncus kidney. 

The results c f  these  L x p e r i i m t s  indiczt,.j thc t the  cannulae techniquc 
fc r  2nastbdGais cf b l c d  V L S S e l S  m i  the  t r a n s p l a t a t i c n  cf c k i a e y  t c  a 
neck was I x r c  icsirc".t le.  
the ncck of ancthcr  -ci: ther -  wzs ?A i n c r e a c ;  initizl tl~cd flcn tfirowh 
t h e  artbr-y seccndrry t- t h b  dcncrvztion. 
lcst f o r  s cvL . rd  ,?.ys and wcs -ssCciiteL with excreticjn Lf a b n o r d l y  
large quan t i t i e s  c f  u r in t ,  p rcv iAn& t h e  Venus  r c t u r n  wzs zdequrte. 
Scr..G cf t he  t,rmspl:ntds- kitn.-.ys f m c t i c n d  fL r  cnly 24 hLurs, ctkrs 
f L r  :s lone E'S 5 ~ r y s .  i v s n t u , l l y  kiL..ne> funct icn fLl& lewln ,  ;? large, 
swcllsn, sd't de:, k i d n q  In~.si..~~ch cs autc,  + n u s  t r m s p l t n t e d  kidneys 
m y  survive f c r  ts l c q  2s 9 r.ic;nths i t  { p ~ e a r s  t h c t  t h G  fci lur t ;  cf r e n d  
hcl:otransplalts t r  functicrn in2L.f i n i t d y  ccnnot bt: a s c r i b 4  t c  sur$czl 
errcrs but t(j c f : c t r r  c r  f i .c tcrs  L f  inccr .pat ibi l i ty .  

when t h e  kidnLy cf cnG ..LE was t r m s p l a t e d  i n t c  

This incrLcsc;d bLcd  f l c w  ~-.y 



I. ACUTE EXI-AI! EhTS - Sin:-.lc UOSC. 

n. Ledian LethLol Dcse k c r i r a n t s .  The r..di.m 1cthz.l dcse ( tha t  
mount required t c  yroducd J c t h  i n  hzlf  :f thc: aniL.:2J.s) f o r  x-radietion 
wes detarnune2 in s+v-ra l  specics  cf cni- :~ls ,  the r e s u l t s  bem, l i s t d  
i n  t h s  fcllcrcing t z b i e .  Fcr  th,: purpcsa cf cGA-,p2riscri c f  s p c i i s ,  the  
s tudies  on r z h b i t a  ccrrii 'L out c t  the  b . e t a l l u r ~ i c d  LaborFU.cry 2t t h  
University cf Chicckc srr: iricluLed. 

Rzbbi t 790 r 
R e t  600 r 
hionkey 5550-600 r 
DOE dcr k nat  yet c crzple t ed . 

It nust be coraented t h c t  the sensitivity of thc  zbovc; s p c i e s  f o r  chronic 
x-r-diction i.s i n  t h e  s a  orddr. 

The rct i s  cquclly s e n s i t i v e  :.t sevcn weeks a d  r.t seven rcn ths  cf ege. 
1;Les :mi f?r.d.es shcw kquel s e n s i t i v i t y  with  reg'rd t c  acute l c t h c l  effcct: 

If the  d o s z ~ e  i s  edjust6.d by increes inf  the  time of expcsure at constzl 
i n t b r v A s ,  t h e  ,Atsin su rv ivc l  tirie p l L t t a i  a_rAnst the lo,  cf the d m e  is a 
s t r a igh t  l i n t : .  If t h e  doszce is adjusted by v3yin.g thG i n t e n s i t y  a t  con- 
s tan t  t h e ,  the  x r t a l i t y  p l c t t d  :.gainst the J o s y e  squareL is s s t r r i g h t  
l ine .  
i s  e %wc h i t "  phcnc;r.cncn, or  i n  c t k r  Wjrds, twc sing12 hits by x-my 
phctcns hsvc b c m  i.F.ds 1-n E s i q t l e  de r -en t  i n  z s ingle  c d l s ,  i.e., c h r a -  
osom, v i n d l e ,  c tc .  

Evidence hes becn ti?i& which indicc- tes  t h a t  t h e  injury tc,  radizt ic t  

Studics on tho.% fE.ctcrs which influcncc the mcn-diL".n ld tha l  dose havc 
been nade, but ere nct yc t  redjr  t L  r zyc r t .  
thc  r z t e  cf ~ C S B ,  m t z b c l i c  c f fuc ts ,  2nd the effsct of v-ri,..us c h & s  cn 
x-rai ia t ion injury.  

Thcsb include studiL;s as t o  

B. Pathc1of:y cf Acute k d i z t i c r ,  Dmwe:  Tissue cknges i n  sacr i f iced  

The t h re t  tissuss p r ina r i ly  affecte 
rrts at 28 &ys herL d i f f e ren t  fru-. thcse  fcund in ~ni.;ls *in& frc,, 
irradip-tion in ju ry  1;ithin t h i s  pried. 
were the  b m e l ,  t es t i s ,  a d  hin8tc;pcetic sys tm.  The sr-crificed z n w s ,  
at l e a s t  for dcsage d u e s  a f  5 0 0  1: cr greater ,  represented e g r u p  which 
h:d been in,jured End except fcr  t e s t i c u l a r  c h q e s ,  hcd repcirzd i t s e l f .  
Degenerzte t e s t e s  wcre p K s c n t  at t h e  250 r ievel.  
i n  t h c  hwaztcpcetic systa- .  f i r s t  cppearec! rt 400 r. 
only a 1itt:Le Ecre s e v a e  :t lo00 r then st 400 r. 
wes ncted in t he  spl ten  end 1yr-h nodes. 
depleted a t  evcry dosage l cve l  at which the anh2ls died. 

Signi f iccnt  chmges 
These chmges were 

T h i s  s a x  p x 3 e n t  
The w m w ,  hcwever, w 2 s  scverely 

Tissue chances i n  ncnksys were fcund i n  t h e  herxt,pcetic sys ten  a d  
bcwcl. 
wcrb i x a t u r c .  
levcls ,  th; r - u n i r d  h j u r i c u s  ~ G S C . , ~  cccurring between 375 --nd 450 r. 

Tcst icu lcr  f i n d n g s  xcrc  d i f f i c u l t  t o  malu&b becmse 211 zn-s 
The cxtent  cf injury WES c c s t  sevcrt. et t h e  hichdr dcscgr; 

e ---' 39 - 



- -. ,..~nkeys, rczts, ?.nL L L ~ S  wrs ;xzis,, t L  chrcnic r; L:ti..n i n  
the  fcr,., "f x.-r?.Lkti.-n frc:.; 250 znci 1000 hTP rzchinis .  2 c c ,  d . ~ ~ n k b y s ,  
an2 r n t s  w t r C :  expcsz: t c  0.1, 0.5, 1.0, mi! 10.0 r psr  &,y six Gays pir 
week fl;r tii- ycf.rs. 
10.0 r p r  -3: six .,cys per w,eks f c r  tw: y6;;rs. $uit,o.blt ccntr:-ls  wcrc 
c m r i e c  w i t h  eech s e r i e s  :.IL r ece ivcJ  i:,c;nticL 1 trt;Lt;ient except f c r  the 
irradi2.tiLn. Thi r e s u l t s  w i l l  2 ;  r+Lrtecl zccvruint t L  thc  .spxius .  

Dcts  w s c ;  a p & e . .  t-. 0.1, 0.5, 1.0, 3.0, 6.0, 

Th6 cxp eri... c n t  with ;.icnkeys i s  l ikewise f mlt;. f 
&do..ic t1ks:rculisis w; s p r e s m t  i n  t h i  cclcny tni interfGrc..i v i t h  . .i rtzlit. 
fisures as w e l l  2.s with su rv iv r J  til.cs. 
c f t e r  14 yaars t f  r,-,i.ntii;.n :t a l e v e l  cf 0.1 r per C L J ,  n xrd21 cffspr in ,  
wc.s c6nceivk.- En.'. r l c l i v s r d .  

s t ;vGrd  re. scris. 

Cne n l . t ~ t l i  cbscrvrticn w a  t h c t  

Thc r z t  cx;E;ri crit g v c  thL f o l l c ~ w i n i  &serv..ti,ns which f;r tk 
;,ur;.isc cf  c l m i t y  c r n  be l i s t e d .  

1) 

2) 

3) 

4) 

5 )  

Thc su rv ive l  is  s i g n i f i c m t l y  ilecrb:sa.i zt t he  10 r FS k y  
l c v ~ l  but nc t  ct t h e  l'.,wwBr l e v e l s .  
A.clcs ~ r i ~  fc . - r les  c?;rc Gu_uA.lj. sc-nsitivc t c  a Livtn ~ X L  . f  
rai.i:ki, n. 
The! t i L 1 c t i c 3 .  e f f e c t  Lf x-rzys whcthcr . ivdi w i t h  the 250 i;r 
1 iAlli#.,n v d t  :~c?chinc i s  I n;!istin;uishable. 
h v d s  r f  1 r per 2!zy ?n, t e l ~ w  shcn nu influenco ;n s p n _  
prcducticn. Defiriitc; zf 'fbcts irk m t c .  3, t h i  10 r leve l .  
Tho n w h r  c f  l d c L ; . i c s  2ppc;;zfins .;uri.ni: t h e  course cf t he  
cxperi;;;c-nt showe,d E t L t d  c f  12 i n  the 400 aniimls studed. 
The frequwcy is F r c p c r t i i n d  t b  tht; icsc:  cf x-r;;lcticn Liven. 
This is  i l l u s t r q t d  i n  thc  c.ccc.paginL k b l t ; .  

Dc s2.j '6 Decths Tc te l  We;r  Lf &As 
0.0 nLne 50 zni.zls 
0.1 r 1 loo CniLas 
0.5 r 2 loo a n i i L 1 S  
1.0 r 3 100 mi. A s  
10.0 r 6 5c C l U l S  

i 

I t 5 t 8 4 0  

The 10 r L v e l  is cFprcci-blj. hif-hGr i h t n  s h a n ,  i n c s u c h  r?s Y t  
i s  necLsszru t r  c r t n l i t y  i n  this 
p ~ u p  which i n  8 siiler:,ble 

u -  
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I 

S t u J i ~ s  -f t h L  woiiht  chr.n. LS cn  t h t s t  -~u..cls i r , i c? tGs  
t h ? t  w e i i h t  cbs - rv r t i sns  
t h e  cutccile L f  the  eq,wil.kcat c r  2.s 2. pLssibll :  c l i n i c  1 
t e s t  f \ r  ~ x ; ; ~ s u r e .  Thc w d - h t  lcss ~ c c u r s  ,rily i n  thG 
pcr ic2  j u s t  befvrc i i teth,  2.t which tLL c-thLr dxtrv?-l;lc 
chr,nc 5 s   re well estL blisheL!. 

re c f  l i t t l e  vAuL i n  FrLdic t icL 

Surv ivr l  tim s t u d i t s  era s t i l l  in t - rc - r~ss .  

T u ; . u s  - Fr.-li;inary s tudies  ind ica t c  t h  t s c d  types, 
p:.rticul;.rly w & r y  tubrs ,  erd i n d u c L  while cthers 
a re  s2cntmecus i n  t y p .  

Hwatc luw - nct  i nc  ludod . 
Thc :;c.; e x p r i i x n t  was ca r r i ed  u t  2cccrdinL t c  the fullc.iving 
hnint1.s r e c c i v i q ,  0.0, 0.1, 0.5, 2 . d  1.0 per I r y  six &ys plan: 

wi;ekly wcre cxricc'. f ;.r 622 t reet i ients  (twc yw.rs) a:. than s:crificed. 
The a i r A s  r'eccivim- 3.0, 6.0, a d  lo00 r six deys wiekly werG Liven 
500 trect:~.ents a12 iL1 secr i f iccd .  The ijlan cf s i c r i f i c i :  f c r  t h e  liwcr 
p m p s  i s  as f d l o w s :  
;f the ~t~i.i..nI-~ w 3 r t i  sacr i f iced ;  the rericining twc-thirds ;.re c m r i e d  
f G r  m cLitj.mil th ree  u n t h s  f m  reccvery s tufdes  c t  tk end 1-f which 
t i ix the  fc..?lcs crc! sec f i f i ccd .  
reccjvcry s tuLics  cn speri; i 'crrxticn.  

ct t h s  end t.f t h e  p r i c 2  cf cxposurc, cn6-third 

The; r d s s  crG kept cn fir &'.h:;itional 

Levo 1 
0.0 r 
- hicrtal i t y  

0 
0.1 r 0 
0.5 r 0 
1.0 r 0 
3.0 r 20% 
6.0 r 40% 
10.0 r mb 

- Level LLrtLLit, 

0.0 r 0 
0.1 r 5% 
0.5 r 0 
1.0 r 15% 

http://cLitj.mil


Sperr.; f 'Lr.cticn i s  influcnccd z t  211 l evc ls  eb vL 0.1 r ,xr 
day r.d 
0.1 r p t r  b y  l s v e l  i s  r e d  will bv shcwn by thL reccvsry stucly n w  
i n  prckress.  
, c ts  E t  thc 0,,5 r ,er icy l eve l  L r  t hc  1.0 r Fer .ky h v d .  
izZ.ciLn :.t thc, 10.0 r per  LLy leve l  r . h r G  than t h i r t y  trezt.. ,znts (300 r )  
Lr;: require .. Fr:,.. this cbsbrv-. t idn it i s  deduced t h , t  TL t i , . G  f , c t L r  
i s  iiivclvci: in thc  i z t u r c t i c n  cf  s,pr..l. 

uosticncbly z t  the. 0.1 r l e v d .  h h t h e r  this chpnk-c i n  the 

It rcqui res  270 t c  300 r t c  s t e r i l i z e  50 p r  cant cf t h t  
FLr s t c r i l -  

5 c  ...G aiiids cccumlc tcd  ovcr 5000 r bef$-rc: LIyinL, while others  
d i d  ct 1100 ir cf chrcnic irralicztia. 
b i l i t j .  i n  thc  s p t d e s  t h c s e l v e s .  

T:,is i l l u s t r c t L s  thL: v-.ric- 

,'.. Paithclc+:.y - Chronic I r r a d i ~ t i k n .  PathclcCic2-1 e x z i n c t i i n  
of rcts follciNin, q c s u r e s  t b  c h r m i c  x-rc.dicticn f i r  twl; y w r s  
fLr..;ul?.tcs thc cpinic n t h a t  t he re  is riL tc;cG h i s t c l cg icn l  c r i t m i o n  
of c h r m i c  x-rziiz. t icn ila-xp when xi.rrMsts-rcd i n  LLS:.;CS cf 10 r 
pLr <:,?y a d  less. 
Testicular dr?;lqe wzs rrte..:  with cli.s~ges L f  10 r per Lay but xt  bdcw. 
It i s  suiCcstz-Z th2.t t he  lcuka-ias and ic;.sdTrx tu;..c;rs crisini: i n  thcse  
~ ~ ~ : . ~ c l s   ax hcvc been $rcducc<. t y  t h c  i r rzd ic t ion .  
(Jf i n ju ry  related t c  i r r2d i r t i c .n  i n  thc heart, l q ,  L v e r ,  k i h e y ,  
bcwel, pulcre?.s, thyrcid,  trzchcc?, skin, bmc;, ovary, c r  bene mrrcw. ' 

C h q e s  i n  th= hc..,?l;cFiitic systei:, were nct ii.;prcssive. 

Thcro is nc evidence 

FdlowinL p i l e t  exptriL-Lnts ccrriecl >at i n  2 l:-bbretcry elscwhere 
(see repcr t  :hcr-L Cclu-bic. I rc l ject)  2. prc.,r&1 wts ins3ituted fcr  the 
cont rc l lcd  c h r c n c  exp~surt. bf rcts and d c ~ 3  t c  f a t  neutrons. The 
dcsa,es selected were the cquivalents t c  thc previtusly selected 
expc3riA-ent& x-rr,i&icn ~ S G E C S ,  n a d y  0.1, 0.5, 1.0, 2nd 10.0 r 
per  Lay six k y s  wcukly. The equivt;lents in n uosc~ts  =e 0.017, 
0.085, 0.17, PnC: 1.7 n per . k y  six L.ys wakly.  
w G r G  c x r i c d  f c r  c" '.ne-yecr p r i d  insteai  cf the twcl-yezr p e r i d  
uscJ  f c r  thL x-rLys. 

Thc neutron experi,.r;nts 

Findin, s werc s i j n i f i c n n t  ?t thc hithcst  cia age level  (1.7 n 
pcr cky) i n  both t h c  r&a mi dc,s. 
survivcl  WTS m c h  i ~ r e  ..21%.l t h m  thL SUIFLSLL e a u i v d a n t  cf 10 r 
p t r  day. L c r t c l i t j  fi ,ures i n  th;; r: ts  crt Gifficrrlt t c  i n t L r p r e t  
in:smch IS decth i n  r . a y  i n s t a x e s  c o d ;  n& b, a t t r i h t o A  t c  r d a -  
t i c n  &ixgcB 
t hc  mi:-zls et thc  hich l ev t l  h c  mccunbd with typ ica l  chances. 

n t  this d d c p  t h t  c l fect  cln 

nt t he  124 i a n t h  psriccl in d q s ,  hcwevsr, iL1 f i v t  cf 
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NG sijnificent, 
d c s q c  lcvcls,,  

ir t d e l  

-: 

t 
1 

t 

. . - ~ r t s U t y  wcs ibservc.1 i n  L i t h e r  s p c i e s  ct the  l.-w,r 
I 

. _  ' 

cf ninc leukw..ies wcs ckserveti i n  tb crcup of 50 rzts 

Ci tc rcc ts  kere fLn.ccl i n  ..a;. uf t h c  rtts :A, t hL  1.7 n i.cr - 7 . j  

levcl .  
lower .i sagc :Lsvcl s . Nc ce1x.r. c t s  wbre cbs,,rvu, i n  t h c  u ~ L  S. Nc e t ' f x t s  a t  th3  

Grayinl- (-f tho  h a i r  occurred i n  t h e  J q s  at a p p r c x i x t c l y  t h c  
six t c  sc;va-Ir.cnth rerid!. 
lcvcls .  

NG a i foc t  w c s  l.bjc;rvet! ?.t tht; lbwer 2wz-p 

A t  tho 1.7 n per  ci;Y love1 the s p e w  were eli,-hated cpparently 

h t  the lower k s q e  l eve l s  t h ~  e f f e c t s  on the 8p~r1z f c r z i t i m  
acre  effect ively than zt t h e  equivelent 10 r p r  i c y  clc8et;e c f  x-rrd- 
i z t i m .  
wcrc nbt cs s t r i k i n g  ;IS thcse  fLllcwinc x - rda t im.  

A ~ S  in t he  c r s e  c f  t h e  chrcrdc x - r q  exl;eri.dents, wei,ht chmccs 
were fcunf tc  be c f  l i t t l e  velue i n  p r e r i i c t i q  atcc,..d. 

B. P ~ t h c l c ~ ~  FcilcwinF Noutrcn I r r a b t i c n  - Dr. L e t c d f *  The 
c,bstrved dete swtest  thst dts r  i r r - i i z t i c n  cf rats m a  c stvm-,,cnth 
pcricd at 1.7 n per icy, tk lnck  clf c v V i a n  f r - l l i c l c s  .,cy be a fccd 
critcricm bf neutrcn irr: Litti.cn. 
?-re nGt L ~ n s s i v e  cxcupt fc r  2trcphic c h a c e 3  in t h e  spleen zt tho 
1.7 n L v e l .  
my cthLr dcsajc use& 

Chc-cs i n  the h c x h p c e t i c  systc., 

Thu t e s t i s  is dc:cei a t  t h e  1.7 n l e v e l  but nc t  tt 
Ltukad-s  w - n  2La:nLsc: 2s st:t,.'. xrl im. 

D c ~ s  which hcvi b2cn Liven 1.7 n p r  2:sy f c r  124 acnths shuw 
i n  ,est instances c h q e s  i n  t h c  hc.z-Lpcetic s j s t a ,  tLstis, and skin.  
These c h q i s  e r e  i n  t h e  nzture cf  hsbLrrhc,e, ly,.ghcid hyyiplnsi-, 
testicular ,ia,zLc ancl bCnG ..rErruw hyppl:.sir. 2s well :s dcpxiarctive 
c h a L e s  murid thc h z i r  f i l l i c l o s ,  h 1 s  cxpsed a t  lcwcr l e v e l s  
sh(,w nz c w e s  t y j i c d  cf i r r t d i ? - t i cn  d?:~.cd. 

*" 

i 

1, 

2, 

3. 

Dcs:.c;c f c r  ~ C S Z ~ L ,  thc  c k n p s  which m e  A l h t  
r s s c c i e t e  wi th  irrc d i a t i m  wcre .-.. rs prc ncunc@ 
i n  th\ .  netltrLn expcsed d d s  than i n  the 
x-irrxii d ec2 aninhlz 
b c e p t  fc r  t h e  Lvarien chanses i n  n m t x n  wtpcsed 
rats, 
c h a q o s  i n  t h e  neutrcn uxpsed dccs, thL t i s s u e  
changes werL q u d i t c t i v e l y  the =,e i n  h t h  
x- ra i iz t ion  a d  neutrLri rtdic?tz.l Eni..als. 
Thc frequency cf 1cukd.c.s is releted t o  the d ~ s e ~ ~  
cf  raclizticn i n  bcth t h e  x-rzy 2n.l neutrbn pcupa.  
It .is pcjssible thr-t neutron i r r L i d i c ; n  i ~ y  c a s e  
them t c  appecr S c n e r  thm x-rcsiizticn. 

t h e  p s s ib ly  d p i f i c e n t k a i r  f c l l i c l e  

http://Litti.cn


I 

Dc The Ef f i c t  Cf C 
sf the  Blood, Drr Kcthryn F i n k  et  a l .  

The fcl:li.v.ini c m s t i t u e n t s  cf thL b l c ~ L  w w i  Lottr,.ineu st 
frequent i n t z r v r l s  i n  the d q s  oxp.sc~.  t c  ch r in i c  ( d d l y )  expc,aurr;s ;f 
x-rz?di?.ti;n a t  0.1, 0.5, 1.0, rnd 10 r p e r  dcy six -cy3 F r  we:k: 
s e w  prc tc in ,  stm.i chlkr i Jc ,  scru.1 LLkclino phi;sph:ktzse, svxu.:~ 
c h d e s t w d ,  serur' cci..: phssph:.tcsc, pk31.12. f ikr inc_en ,  Zn.. whdz  
blL L: ncn-Fr, tein-nitrccen . 

d t h c u t h  i'mal a n d y s i s  Lf t h t  2-r ta h:s n( t been rAJe, it 
ap, ea r s  th: t t h i s c  cc .+ i ia t s  cjf thc bled arb nL t s i ,n i f iccn t ly  
;Jtcreu i n  m i z J s  t ~ c s e d  t c  622 t r c z t , x n t s  cf x-rLy c t  l eve ls  
Gf 0.1, 0.5, 1.0, :rid 10 r per day. 

Beca.~se c f  3~ i l e r i t i e s  i n  t h e  rt:.ctia-n cf :c is  t c  
r a l i c t i o n  u12 t c  c z l l i c r c i n ,  a non-!iclye:.t IC ccns t i t u t cn t  bf urine, 
a study 
t c  r c i s t i c n  L.. .qe NCS fmnd.  

f cL :Uic rdn  W I S  &de i n  ~ L C S  md rEts. Nc c l m r  cut r e h t i c n  

E. h t t i cL t s  t u  Dater,.Anc t h e  Pressnce cf :- Circula t inr  Substcnce 
Present i n  B l ~ c i  .fcllcwinr IrrL,ic?ticn.  Dr, J ~ h n  S: Lmrcnce ?rd 
Ccflain W i l l k J -  V: l c n t i w  . 

Tho geinerc.1 :A, c;f thc hves t iE:c t iLns  hcrt: repcrtcd has l e a  
t c  cb ts in  a i d e n c c  f c r  cr acz ins t  t he  prosence cf c c r t c in  mindirectll 
i r r c i k t i i n  c f foc t s .  Twenty-six success fu l  c r c s s  c i r cu l f t i on  exper- 
j .mnts ( c s rc t id  zr t i ry  t c  carclti,: crrtery cnzst&..csis L. cz t s )  h a w  
been p c r f c r r A  bJtwe&n n c r a l  and irr:.iiat%i ankls .  
tic;n wi1s Gst?.blishcd i n  u s t  i n s t - a c e s  at S L L ~  s p c i f i . A  t i d e  intervrJ. 
af tm t h e  r&dictiLn c f  clk; ?:.rtntr. 
a f t t r  i r r e d h t i c n  wore ccverull. 

Crbss c i rcu la-  

d.l i n t e r v z l s  ut: t L  e2 hours 

I n  seven aperiL-cnts ,  c n s s  c i r c u l c t i c  n u r s  c s t c b l i s h d  m.l 
Thcsc were 

D e t d l d  clets 
b t a x e d  

trend tmcwd 

thcn one aLlal irrrLiate.2 while t hL  r t h e r  w?.s & i c l J d ,  
ccnddered tlie L:(st c r i t i c t l  q c r i  .CAS c f  th- :rcup. 
on e leucccyte and lycphccyte ccunts i n  thL ncii..,-l 
duriw ?n ciK:rai.Ld,ely 28 dzy : ,orid - f fc l lm-up r.'.oee IK t support 
the t h e s i s  cf  inclircct e f f e c t s  jecufi , - r  t o  rzd ic t iLn .  
a s l i g h t l y  llGwwercd r b s d u t t :  lyighGcfiL c a n t  i n  n,n.,cl EniU-18 cftcr 
c rcss  c i r cu la t i cn  u: s nct c c n s i k r d  si, nificmnt. 
did  leuccpcnia JcvdLp i n  t h e  n m d l  c n L - ~ l .  

I n  nc. instance 

F. ThG RLte cf Utilizatim L f  B L u l  P la t e l e t s  i n  the  
Thrcubopenic C2.t . 

Tkc rcte cf u t i l i z a t i m  cf blco-l y l c t e l e t a  i n  rcdktd, 
throL&Gpcnic, cats hE.3 been ,..easurGc! J i r€Ct ly .  Thrc&q.anic 2 . n j ~ d t 3 ,  
incapable c 1: s i , n i f i c m t  p l c t c l e t  reL.enc.r t t icn wLrc crc ss c i r c u l a t d  
v i z  c a r ~ t i '  t l .  cxc t i :  Znc?stoi.,cses with nw.-.cl C n i - ~ J s .  d t b r  rd turn  
t o  indepedent c i rcu lc t icn ,  t h e  r c t G  Lf disc-ppcrrence f crcss  
c i r cu la to l  p l c t t l c t s  wcs aemurfi by 2 c r i d i c  c a n t s .  

D r .  J ~ h n  S. L;?Yrrence 2nd Ccptdn  iyil l ia,  Valentine. 



. -  

By this nethcd it was poss ib le  t c  e levc te  the F l c t e l c t  c a n t  
wlywhzre fIcn 100,000 tc, 2.rcund 400,000 p l a t c l o t s  par cubic r A 1 l L e t d .  
The hichest  cciunt cbtzinz;. fdlcwec: cr'css c i r c u l c t i c n  wi th  ?. splencctc- 

I n  L G S t  i n s t  ncus  thz  2 l c t c l t t  l a ~ l  Lttci.nt;.. w s  w i t h x i  
the  Fhys i i lcLic  rmkc L f  t k L  t fLund f c r  ncr,;l cLta  by t he  SLC L t h s u .  

czni .d . 

Attenticn i s  c a l l &  t c  p s s l b l c  therr-peutic izlp1ic;ticns 6; 
thcse f i r x l i n p  i n  VAL treati..mt i f  i d i cpa th i c  t h r c h b c p n i c  purpurn. 

G. Further Studies  on thL k t u  cf U t i l i z c t i c n  cf Cross 
Circulcted k u c c c y t e s  i n  t h e  Liuccaenic C c t .  
a d  C q k d n  W i l l i a . .  Vt l t inb ne. 

Dr. dchn S.  LawrcILcd:, 

i 

I t 5 i S r t S  



1. ACUTE E X P C S i  

On t h o  basis cf 200,801 test  c u l t u r e s  f c r  l e t h e l s  i n  the X- 
c h r c r r s ~ ~ t ;  of l,hc fruit-,&-Drcscphilz i - I G l a c k ? s t t T ,  bf IvMch 
73,901 f rm f l i e s  i r r ~ . d i z t ~ 2  at 25 r, 31,560 ct 50 r, 23,195 at 150 
r, aril: a - d l e r  nu,hLrs r t  5 0 0  r, lo00 r, 2 0  r, 3000r, md 4ooo r, 
i t  h a  been skrm thc.t t h c  l c t h c l  ..iut:ticn rate is d i rec t ly  propcrtiun- 
a1 t c  the r4cs:L.t  w a n  fbr t h e  lcvrost . !cqes us3,L Wo are fcrced, on 
the bzs i s  cf t l h 6 ~ ~  firdinp, t c  cLncludf: t h ; t  t k r e  is nL tclerrnce dose 
cf r z d k t i c n  belcw khich .u t : . t i~n  dcsc nc t  cccur. Our data indicate  
t h p t  a dcscee cf r-bcut 35 r ac tuc l ly  ilcubles the nctura l  l e thc l  mta- 
t i - n  r a t 6  i n  ilia, Less ext tns ivc  &t& on v i s i b l e  i k L t i 6 n s  sees t b  

shclw the  s ~ 1 8  rc lc t icnship .  If t h e s i  fin.linLs can be shcwn t o  k v e  
t ransfa  w l u c  t c  t h e  o f f e c t  of rzdiLt icn t n  the hur.an rece thrbwh 
t h e i r  CGLrGbOrCtim by wLrk.ents rn t h e  &use, I mrtd, thcn it be- 
ccrlcs C l e m  t h c t  r c d i e t i c n  i n  LsaCes wMch nay be t&reter! by t h e  
bcdy cf ~-2.y h:.ve 2j.m e f f c c t s  upcn the huun Cerc=plasri, In t e r n  
cf ecciety and t h c  h u m  rzce the risks cpn cnly be stated when a 
s t a t i a t i c  cn thc prcFcr t icn  cf individuzla  L f  reprc.-uctivs al o cxpcsed 
t c  lcn  dbsi i6  rcd.:.ticn is intrcduced. 
his descendants, thc  risk i s  Lbvicusly imch crcc ta r .  
be czsefully c:.nsiiored i n  any prcpcssd use  cf :.tC;ic e n e r g  cn 2 l a r g e  
s c d e .  

Fcr the inc?Lvidual acpoeed 
These f w t s  shoulii 

11. CHROhIC aF.osuKEl 

On t h i  b e s i s  d 48,646 testcd X+hrLi..cSu..CS f'rc.., irrcdiated flies 
and cf 52,182 t c s t e d  X-chrc,--~sLcics fru.. c L n t r o l  f l i e s ,  nc; s i @ f i c a a t  
cliffcreme i n  the bthd rmtat icn rete bctwc6n cxpuri;mtels ad c ~ n =  
t r o l s  WZS fcund. These results seen , t ~  b6 .d i f fe ren t  frc.; thcso expec- 
t e i  accordin[ t b  the  bcrk cf  Spmccr. 
differences in t e r p r e t u r e ,  i n  wing ( f  tk s p z ,  between the cc t icns  
cf  X mi gcrzLa rays,  c r  t c .  d i f forenccs k twcen  thc; zc t iv i ty  Lf chrcrdc 
vcrsis  acute expcsure z-t l ~ w  dcses. 

The difference inp be ,due t c  

Bcfi.re it a n  be c ~ n c l u ~ c L  thLt C ~ G K ~ C  expcsurL t c  ;.hutc; &sea 
c,f rzdict icn i s  safe frC,.. o Cenetic pc in t  ,f vim, it will be ncccstnry 
t c  wrclude thl: p b s s i b i l i t i e s  in& ctc; CbLve , 

. 



W&RT CF GALTICS LiVISfCN 

Gencral Bz&! rcund 
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2. 

3 .  

4. 
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5. 
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8. 

9 .  

10. 

u. 

k h w m  sp:rr.. ccntains U, chK.r.Csc ... 3s. 
"strin;lI B c m  hundreds c f  Lcnss. 

Each chn:..cs~i;s ccnteins  2 

so i n  t he  nucleus cf i f e r t i l i z e d  e&< there  are 48 chrcd-,Gsbnes d t G -  
&ether  - 24 hinds, ezch in dup l i cc t e  - and p e r h q s  10,oOO kind8 c;f 
Ecnes a lsc  ecch i n  dqlicate. . 

Each Ceric hcs twc r x i n  typas cf 8ct iLn:  

a. 

b. 

Each catalyses  8u.e p a r t i c u l a r  cherdcal process, given the pndper 
rx i t  e r i d  s . 
Each recupl icztes  i t s e l f  at ,  c r  s m e  t i l &  befwe, ewh c e l l  dVi- 
sim. ( In  this l a t t e r  t c t i m  the bmJs betwuen genes i n  t h e  s u e  
chm:Aaure E - ~ s c  redupl icc tc .  ) 

SO each new c e l l  c f  a davclcp in ,  eribryc is equipped with 24 p&s cf 
chrcr=.dcrss w i t h  t h e i r  a s s c c i a t d  Lenes. 

S L r i  ceneas ck-e i n k  2.ctic;n at cr s h - r t l y  niter f e r t i l i z a t i c n .  
c p c m t i  i n  i: I1fieldn of lirdteci c ~ ~ p l a c i t y ,  i.e., t h e  c y t o p l a d c  
d i f fe rences  e l r e a a  existin,:  in t h e  f e r t i l i z e d  e=. Their  e c u d t y  
probably :increases the  regicnal i i f f  crences 2n.i p e r d t s  Gther t e a s  
in turn tc.. C C L ~ C  in tc  play. 

They 

I n  Lamral, d f f e r m t  b e t t e r i e s  t f  cones C U . ~  i n t o  a c t i i n  a t  d i f f e ren t  
tii..cs, i n  d i f fe ren t  c e l l s  cf t i s s u ~ s ,  tn. f a  varyini intYrvaLIS deter- 
&& by whm 'arid where tho ,mtcrials fLr the i r  c p r a t i m  becu,e avail- 
atlc. Scne gems perhaps ruAn i n z c t i v s  u n t i l  l m c  eftm b i r th .  . 

lkrst, if nct all, t;enes w e  vorg Sl iLht ly  unstct le ,  
a d l i m  dascwdants by re,uplicati&n f r h L  a s i n d e  c r l , i n a l  Le= per- 
haps cne c r  e fow u i l l  have e samhct S f c r l n t  structure.  

Once a Eerie hcs unLi;rtcno such c c-e (r,uteticn) it redupllcater the 
chank=s s t ruc ture  the rea f t e r ,  acept  f a  the cccurrence of fu r the r  tll- 
taticn. 

n n ~ q  for exauple 

b 

k t a t i c n  FrOb&ly &cremes t h e  c c t d y t i c  act ivi ty  if genee. 
m t a n t  gone Et ac t s  in t h e  8 -  prMoss as the n o d  fsrra L. f r c ; l M c h  
it arose,, but less e f fec t ive ly .  

Sr; a ' 

A ch i l e  'rhc inhor i t s  a nutant  L1 frcu cne perent LKL the  n c l r d  gene 
L; k r ,  t h e  c t b r  parbnt, nay G r  ray nLt &cr effects  cf  t h e  fiutmt. 
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a 

12 

13 

4. 

15 

16. 

1. 

cf E t  js nct indicated-by any ZLviat im fmu n a r d  structure. or 
fbnc t icn ,  The r a t c n t  L t  is s a d  t c  be recussivc. 

b. If -&cel l s  d~ just Bnc,u&h cf the L-cc tdys i s ,  L A !  W i l l  nLt. Scrx 
enbrycnic prccess  w i l l  devizte f rc i .  i ts  n m - a l  c ~ u r s e .  an- s h e  
d c t 2 i l  cf s t ructur l ;  c r  functicn will bucci..e cbncrixl ,  thcuih nct 
necessar i ly  harnful. A m t a n t  cf this scrt is said k L a  lo r ina t .  

hiation-induced ,-.utcnts, l i k e  the sp.ntawCus, 1 . q  be either re- 
cessive cr kdnwt. 

I n  can, t k  p b t a t i z l l y  &qsrLus n u t m t s  are t h e  &&ads, a d  thr: 
mccssivcsl i n  t h a t  Lns Fcir cf chrcr;isciIes which detGriiines sex. 

t h i r d  C1.p.s~ cf pct,.ntially dnrqcrcus i n h a r i t c h l a  chUl:.os can be 
in&cud by radi . t icn:  chll/LI;su.ie rmtntLns .  
cff cIno c h  -cscL;e and a t k c h e d  t c  a n L t k r .  
i n  situ. 

Thus, i n  c, spcrtl  which h a  betm txpcsod t c  re.A:.tirn my crie c r  Lbre 
cf m y  thc.us&s sf genet ic  chances a cccur; any cf tk thLusanls 
of i:ones r a y  r.,ut?.te a d  chrcmsules  a y  break rnC ro-attach at  2ay Gf 
the thcussrnds cf bends betwem tenL.s. 

Since zny cnc cf thcsG chanps  bas e very ILU prcb&iUty a t  =&rate 
expcsurc, t h e  m j c r i t y  Lf expcsf.; sperm will at undercc a y  Lutatim. 
I n  t h e  d w r i t y  which are cffkcted Lne csne rill fiutate in m e  sparr;, 
a d i f f c r a t  Eerie i n  m c t h c r  spcm, in s t i l l  a t h i r d  c e l l  them dll be 
a chrcr:Lsc.Lc mtat ic ln ,  eni 80 C Q m  

k piece ~ 2 y  b- brcken 
scc t i cn  iay  be inverted 

C h r ~  ... S C C I ~ S  m y  Bxchcqe s c c t i a s .  

Crr. me8 r.i&h at RI c h e s t i r  
dba 0 x 4 057 00 

c lb ino  hybrids 

(eutopsied (bre:. fLur 
nct bred) t i r~38 ,  then 

aut cpsied) 
ItF2I1 l i t t e r s  t e s t i n g  f e r t i l i t y ,  mi ccnetic 

s i cn i f i cmce  cf m y  a t n ~ r t - z l i t i e s ,  cf tho F1 iplc, OS ;testl after birth, 
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i 

2, Gene an, chrcr,cscm rrpltaticns which Lccurrc i  i n  t h c  sporr, Lf r;x>csoL 
a d  ccn t r c l  t.elo5 were dotoetad ns fo l l c .ws :  

If t h c  swrf; cLnt:.hel e 

d a i n a n t  Lene .:,ut a t  i L  n 

The e f f e c t  i n  an ~ f f s u r h ~  
f c r m d  froi.. t h c t  spcrE wu 

devict icn frcrri n c r i z l  stxuc- 
t u r o  cr functicjn 

ncno in F : but  he l f  cf t h e  
FJ 

recessive l y e  nutc t icn  
i n  t h e  sex chruicscme scns Gf 4$ are affected.  
(trcnsn3.ttc.i t c  F i s t  K t  ~ ~ 0 0 )  

chra.iosu;e I n t a t i c n  
( t ransrd t tod  t c  Floo cr  8: 
s t u d i d  ciily i n  CL) 

U 

reduced f t i r t i l i t y  

3. In  t r i e f ,  thd prscedurt was t L  hunt c~img the cffsprin,- bf q c s o i ;  end 
cc.ntrcl 4 . e  d c e  fcr 

B ,  Scns ?.L deufiters w i t h  s1i.e a b n c r d i t y  ..f s t ruc tu re  a? h c t i o f l ;  
b. dmihters yir;ducia J e f i n i t e l y  fewer thm ncriryI.1 cffsprinc in f c u r  

litters; 
C. clau&ters prcduciq ~ n l y  h d f  as :..any sum es da&tcrs  (i.e., 

h u  lfntcrs receivinL sex-chnr,LsL..a rcc tss ive  Ilutants with l o tha l  
e f f e c t s  .) 

4. The pncechrl :  w z s  ccr+liccted by twc L..ain f a t c r s :  

a. a l l  cf the c f f e c t s  cf ;..utmt t o n t s  c r  Chrci-ujSUCS nzy be dupliczte: 
by 3evt:lop.i.nt:l ml p ~ s t - n a t a l  eccidents qu i t e  indupandent c . f  
hcr odi ty  ; 
t h e  effects cf r u t a n t  Genes rmje f h . .  lup mi  ccnspicuous kwn t 
very sl ik-ht  an,: ;tifficult t c  dettct. 

b. 

5. SG the  prlLceduro involved a icublt. s i f t i n g :  first, emh F1 had to 
be c l a s i f i e d  as n c m d  c r  abnt-zixl (~~5th r e s p c t  t c  the t h r w  criteria 
i n  i ten 3 abcve:) aecmd, thcso c l a s s i f i e d  e6 t b n b . d  hixi t c  be tested 
t c  d e t o r r h e  whetha the abnc rml i ty  was hereditary cr nu t .  The l a t te r  
discrbd.n&iicn i s  pcss i t le  because thL here l i tc ry  ebacrnal i t iea  are 
trmsnittecJ by t h e  individual  ca r ry in t  tbia t c  helf c f  its cffsprinc. 

1. The essen t i a l  r e s u l t s  ar t  shcwn i n  Graph 1, The liftust pc in t  ShGm 
the  prop,r t iLn cf spern, f run  c c d r c l  rLalos i n  which t h e r s  was E nutaat 
gene cr chrcuame. The next pint t c  the d , h t  shcus the prqorticn 
of mutant D e p r i n i  sperr, fKct na les  receiViq 0.1 r/dzy. 
plot ted ,atLve tbt b c i n t  cn t h e  Lose sce le  vhich repsants the a v e r q a  
t&al rL~ent,+ns received by t b s e  spm-. f n n  which the bffsprinc cf 0.1 
r, m l c s  hcd been fcrnea2. The r d n i N ;  poin ts  r e p s o n t  c c r r c s p c m ; ~  
data  f r z  spern c f  rales expcsed tc, 0.5, 1.0 

This p d n t  i6 

10.0 r/day. 



2* The s k p b  cf Gragh 1 is t h e  p r a a b i l i t  per r c m t t e n  tk t  2 ru t e t i , n  
(of tk  i rqni tude  types we s tudied  w i l l  cccur; t h e  valuc is 
664 X 10.5 p r  r b  

1900 under& rlutaticn i n  ne c r  e n d h e r  sene Lr chrczcsu..e, 
cf t h e  unaffcctet: spar;  h q p e n s  t L  be  use^ i n  fbr t i l i zc . t iLn ,  nL h a m  
has b*n &.ne; i f  cne cf  t h c  affecttcl, t h e  rcsult w i l l  be cnc bf tht; 
cbncrral i t . i ss  l i s t e d  abcve. 

Thus, cf 2 d U i c n  sy;:n.i ~xpcsi- t i  30 r. &at 
If cnc 

3 .  The mutatim hazcrd in,;iccted by Grcph 1 is 1cww thrin the t rue  v d u c  
because cf defects  i n  cur prcceiure ,  
were n d  testad by breedirk, mr were 2.11 defects  i n  F OG because cf In, space and time lir.,iteticns, 
be scxe dw tc du,dn;nt ,-me rdxt ic jns .  S i n c ~  a y  p r r t i c u l a r  mtct ic in  
is nck l i k e l y  t; hevb cccurr3c. LLIW than a fdh t b s  in t h e  ex;;iri;xmt, 
tk  nissec ~utants shculd bs t hose  aber rz t icns  vhich were nLt 
fcund rzre than a few t i c e s  a l t q e t h e r .  Sc i n  Grcph 2, m e  $Lt tCr i ,  
as in Graph 1, t h e  prcpcrt icns  cf  spern f r c n  which were fc,mieL P 1 g  
d c s  shcwin; soi.ie typs Cf structur,.l c b n b r i z l i t y  t h z t  qpoared 
altoEether f a r  c r  fewer t k e s  a:.m,j the  ll,m F1 I N ~ C ~  em;ined, 
The increase i n  p r c p c r t i m  writh i n c r e e s i w  dcse can clnly mean genetic 
e f f e c t s  cf the r c i e t i c n  at 2 rcte G f  &cut 4.2 X 10-5 per roentgen, 

Abncn3alitios fumd i n  F1 GO 

how t h e  untested abnorr.:al.ities should 

doninul ts  w i th  s t r u c t u r t l  e f f e c t s  30% 
recessive l e t h a l s  i n  sex chraLsir;.e 20515 
chraxscro  nu tc t i cns  - 50% 

6. TWG m j c r  uncerteint ies  firsin: 

a. 
b, 

Is tk 1-rq nut-n-titn rr-tc i n  ~13n es h i i h  2s i n  ~Kce? 
Wt Ir ipcr t icn  cf t h a  r,xrtants we h m e  fcun2 would be s e r i c w  
i f  t b y  cccurrec in Elm? 

Gbviously, neither questicn ccn be ensnerd. With respect t c  the  f b r r  
we &ht be t t e r  wcrk cn t h e  ccnservzt ive asaunyticn thct  thL rUtatiGn 
rzte will nc.t be l w c r  i n  Ban than i n  m w c .  On tho sbcmci, it rii,;ht 
be wise t c  h k c  2 sLilar attitude. Certainly,  in the crdoture whsse 
genet ics  YI? knrw best, Drcscphile, nea r ly  every rdtslnt eone hi28 dele- 
terious effscts .  iJe LEX f i r s t  n c t i c e  t h e  presence bf e , u t a n t  by cn 
a l t e r a t i b n  c.f SULG h c r  a . , r ~ h L l c t i c d  de tc i l ,  l ike  eye c c l t r ,  but cn 
fur ther  stuc.y we f i n _  t k t  s u p c r f i c i d .  c h z c  t b  be accc;lpanie,: by a 
greater cr less rcducticn bf cLnarrd v i t c r  c r  of l i f e  span. 

7. If we tzke Lhis view, we we forcc;i; tc wcmer whether a h u r a  ewcaure 
cf 0.1 r/dV is accept&lc.  
of transr.,itt,i% a n e w  cuten t  ibne fcr ecch 100 r a pmont ha8 received 
at t i i i c  c*f ccnccpticjn, 

It ucns an incrense uf 1% i n  the haeard c .  

I 1 5 1 8 5 0  -Jd- 
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B. Isthai Action of Sin& a w  Faired D. ses of X - r ~ y s  6;; Lice. Hap. ,  S:s 
arid Sacher. 

C. Acute Histopitholo&ical C-es Due t c  SinLls a d  k e r i a i c  Doaea of X - r q s  
on Lice ,  Blocti., jemn &A Lurraj. 

Y. hysiolot icai  mi Clinical hif'ects of Single i-rsy k s e s  OG i)oi,s. f ' d t e r ,  
Presser, Bwrcln, Schcartz tr.t Jcccbscn. 

0. The Cows8 of Lorta l l t :  ken,. :kc, h t s  a m  kttits Given Sin,le lioses 
of  X-rap. Sachcr 

1.W. Acute ?KstcIbti;clo@cal Elfects of Single i i L 8 e s  cf X-rays on Chic;;s. 
Blooa, Heiler, IWaciea all Jacobson. 

t,, Acute htkl Action of X-rep on Guiqen Pies End Birds. HaLen. 

X. &ffect of k c  of a c e  cn the :dim Lethal Cose cf C- &i~.e. Curtis and 
2irJ.e. 

r. Effect of X-rop orr the Lfe Span of the  Retlculoc>te ~ I I  Vitm., Jacobson 
ana .;fks. 



*. b;riect8oiDuily Loses on .&e. 

AI. 9'umr Inciucticr: innd Cthcr Lttc Ufects of SinGlc Lcses of X-raje on ktrr 
l lce .  Bru- and Usco .  

FF. RNeot of Fhlirtian on Lung Tumor fncidenoe in CF 1 ::ice, by Y e  S. 'Jenshm, 
E, F. Mley, C. R. Stapleton, '1. E, Cupp. 



15 ;or cent Of thc ;r-lu& succu. ..bed, : . ' L o  t h e  r-c,.L.dt.r uiw 

buti.urn the It. ul;l ax.. a,. 

&lea al.I;e&rcu t o  be :&ore senaitivc thtr.  f e r L c s  Gurirg the 

first three da: s. 

the f a l e s  tcncied tu d e  faster sc th&t tt L e  en2 6g t h i s  ;:erica 

there was Ltttle mfcrence h the n.ortsiit;. of the sexes. 

Lurini the n t s t  1'i aL, s (UP tc 20 Ctzs t c t r l  t i e )  

a w e .  

Sane of thc arnbls \;id& hsd survived z ~ rcvicus sirigic 

of x-radiaticn v.ere g:ive;. & seccnd treatiscat ~f ECC r, 1CG ua;-s 

after t h e  first Xi;S [,iven. 

neikhkr resistonce or sens i t iv i t ;  i.ere inducea \sy tr.e i r i r~r ;  Q s e  of' 

Results cjf tiiis stud; ii.dicated t idt  

x -rdkt i cn .  

Histoptholokllc&l stu-les ore ir. r e p r <  t ion.  



later then the &Love & t o  showed M L3 50 ol' 5,d r x i thout  c h w e  in 

tsbJLque. 

in a ccrt;ir. s trJn cf s~=ir.als. 

&C rice. 

This  wuld indicate that there is CICLS vi.riktion even 

. .  i.0 stx -f:'erer,ccs w r e  ncte, in the 

Foliming 01 pGred doee of x-radittion in zhich the sez~nd 

dorrege of radbticn TQS uaitlistereu zftcr c yr&eterrirAec ro-overy or 
I 



*e, or a t w e  af estrua h~ci  ar,y i x l u e n c e  cn the survival GI' 

Ixa%kLity in this study. 

In t h e  studies on I'cired . w e 6  of x-r:Aatioii, =le ankirals 

dter the first dos'e. A p lo t t i n t ;  cf the rcsults akcr:ea th;t the 

~ i d u a l  effects d t c r  the first dose decrees& exycnentkii;  it 

a rate of 8.2 rer cent p r  day, 

tb three week : erhd. 

This rate was not raintr?ined be;-ond 

In the ecpeirir~ent on pericdic doses of x- raiiction, M i ~ d s  

:;ere ;iven a d 3  aoses of 12.5, 25, 50, lOG (t1.o doses), 1% (t;...c iiosrs), 

1 1 5 1 8 5 8  



m , i . ~ a l s  survive shclrter tir..es Lfter the dcses r;f 5 . ;  t c  €a r th&n theJ 

do Gfter COICS of j V 0  t c  ,,UJ 1. 

Hq.i;icti,cal tulcl c1inic;i observLticm rere t i k c  cn the heart 

grcss c l i n i c d  finii inLs r&thdGJ. A for: I;erti..ent cc.,J..er.ts ohly 

c&; be =de of the f indqs b. t h i s  re; crt. 

In pneral. them is a tmAd rise in thc heart mte, temper- 

ature tnd a f a l l  in blood pressure es a shock-like sthte devdops. 

(This should bc c i s t i n p i s h e d  frcc the Fri:arg shock that develops in 

certain srecies ex;:osed to x-rcaiction). The bl- v o l u e  9iiow;s a fa l l  



chin~;er are tygiccl  of those of leth:  1 x - z . . L t h i  in other s p c i c s .  

vslues u.L. a rise in thc t e t c  ;IcLulin irilctior.. 

This paper r . 5 U  be co:.gloted In Li cut one a w l  onc-hilf a t h a .  

F, The Clirdcal i h ~ a i o l o r ~  o f  U 0 r . s  Giver: Diily T o t d  D c q  
&-radiation, bj hosaor, Lkort!, Bmrcn, ;n;l Schwrtx. 

Dogs exposed to l2.5 r, 25 r, 40 r, ani 50 r tfirilj . 

t o t a l  of 917 r received) the s u ~ i v s l  1.- It t o  20 d i p .  At the l,d 1' 

of the rhite b l m i  cel is  i 3 t h  the hoterqhi i s  folio.ing t k 5 s  ger.erbL pkttrr. 



but & d o e  frun the i k v e  iccoont &re not )e t  sufficient15 c~ . . ; le ted  for 



= i s  of 1.u3=aum tlood at the 8uie Farim. nlthu;h t h e  nom.& veluaa . 

for leukoc$er cf chic..er. blccd \.ere founc to Le severcl t i r d a  tbcse of 

w~aUan blood, the aiflerence could tccount otl: in Kart lor the Ereciter 

Sirdlu st.udies cirr61cd out on six -,ee;. chickens show& c; ver; 



L. 
Riley, am C u r t i s .  

The Effect af &,e on the kdiosecsit lvit:  cf ;Ice, by &-!!le, Aridersor,, 

found t o  be &..art roaist&nt thin the 









of red cel l  forut1.LL.. den  the csaui4.ticn is a U o  t k t  the averqe 

red blood celi has a iife of 1tN t i q s ,  E cc ...F icte cessi-tion of er;thrc- 

The eifect o f  enternal irrb iciion Eiver, ir. either sincle 

(300.2WG r )  cr 33.t i ; le  GCSBS, a11J cf internal irrGkLicn has beer, 

studied I n  severs uozen A ccnsistent pattern. of t c t t L  porphq'rin 
, 

excretion has been icuna ks  ?ollo, ,s .  



For severd du;s before cebth, hov.cvcr, v. lues r i se  

are sever& hundrw !ex. cent &Love ccr.trc1 vzlues ti the cia;, c f  

death. 

Tho late 1ncreLrse i n  ct:m excretlorl is uncicuktedb associated x1th 

liver q sfumticr:. 

*i. 
Tinsley, ana ttailace. 

Thc Elfects of k d i c t i c n  clrl Uvor Furx t iLn ,  L, Schl u t z ,  iorter 

liver function has been studied in huclans bJ means of the 

urine urobilinrsgcn excreticn and the s e m .  ccbt~Lin choiestercl 

f l o c u h t i o n ,  colloids ~ d d ,  a d  tU-01 turl;iLft; teste .  

on3J' the urine urctilinoLen test h a  been lcund t o  be appLickLle. 

In ar~b:~lrls 

There is a Aiked incresse in the  urine urotiiinogen excretion 

uuring the last  several dz.,,s bcl'cre ueath cf d.il..us ,ivcr ktal 

bouj x-re3 

indicated by this tes t .  

end lead Iroduce i;7er asfunct ion of var; int; ciecree. 

1lucor.iun IJrGdUce8 u 4  L t e  i i v e r  ud sfuncticfi ha 

The various ,etc;is es i cc l i l l ;  bcr3iI.itx.i 

These studies v e m  planned s spec ia l lg  icr the investigation of 

the nucleic aciae ma t h e i r  derivhtives ariG asscciated C G L ~ , U I & .  



.. 



have dec; c f f .  

BB. 
5 b; Sacher &rid Erues. 

The Mfects  of TotrJ Ucd X-rs:; on tho .lei:i.ts of C r ~ . x ~ s  i n  the 



'\ 
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&;le&,oJ:.enon is notew. 

protein of irreversikle a t u r e  is  notec. 

Ii t h e  dosale is iar&e, ii uenctur;-ion of the 

Tissue studies skew t h c t  Ltcses as s i i A i  os 25 r v , i l l  cilusc 

c&.tes ir. the  re8;ir~tim of l i v e r ,  ULI~CJ, .xu htc8tir.r:. 

show no p t h 0 l o i i c . n ~  chaqe .  

in as l i t t l e  as t h r e e  hcurs after q o s u r e .  

cmtaidrq YE Croups ;ere u s t  affccted bcth in vivo Eud i n  vitro.  

& . a l s  irradihted. a d  k i l ied  e t  vanin& intcrvais ;ft,r the ex; cisure 

continued t c  shca rether ..6r:.cC ef fects  h those t&bues dch hA anzy:..es 

n i t n  SH Croup. 

Such tissues 

Th 8 effect is  coted in the intesthe 

The tissue etizJ...es 

- 71- 
-i t 



The rrofouncl thra.bocjtaFenia asscciLteu L t h  this Lieease 

8pp3lU-S t o  flag i i t . t le  if ar+ role in the LlcecliiaL. tenzonc>. 
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C;n 1. Lffec t s  c/f F;st Lauticris L r i  tk.e n t i i i t i  cf L c c  tc  t,ke Forced L,.ercise. 
Curtis s.ci stk; letcr. 
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1. BXl2-20. Vitality by: Hensham. 

w axpcrir;ent on a C&liod  to deteri:ina ..hether . n ~  duence  of t h e  

effect of paietratir,E rcdiatlon can be detected cnLi ixssureu i n  the tens cf 

f a t k u e  mint an exercise theel ~ni ,  s t k u l a t i n g  cFpcr&tue t o  &revcr.t rest. 

b w l t s  of this study do not s l l c v r  interpretaticn ht this tine. 



L. Ufects cf Icriociic T c t d  SurfLce Let& Irrkai;-tim. 
Riser, Henstt;: LCU hider 

-79- 













UI tissues *..em ca.prsbie K i t . .  those cf' x - r q s .  
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The ioc tioas cf t h o  tu...u-s CLTI be uiviued L. tc  t:,oso cn the e x  r ~ ~ u  ti.cue 
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b e r y l l i w  i rot e. 

tho rctMts :,-ere 2 kc. K e i t : i t t .  

The i i ce  used wre CF 1 feariles n o i c i h g  20 gas; 

In t h e  .Ice, 0 medim h t h d  dose ( I ~ J  5 6 )  T~QS 8hor.n t o  be 

515 r of x-r;di&tic:n a d  55 n (t1.e n &s us% in all of these mxcunte 

i s  th&t a;..ct.nt cf iorde&ion misurei : , i th f sttMiirC 10s r Victcreen 

Late iy  10. No rklbio is obt&ntble fcr the aurvivd curve because 

tho LAX, most of the rort.-Jit:, occurred betceer. the 3rs uu 20th da: . 
The x/n ratio here is &ppwdmtel3 5 . 5 .  For the ;..oar. surviv6l tL.e 

the x/n rc tio gas laeterrLned at 6.4.  

2. HemtolcF3cal Ufmts: The effects  on ths circulating 

tlood elcnenta were studied after &see of x-raiiation ranging frui 

25 r t o  U O  r, anG after doses cf rmttrof i  irraciiktion ranging frcs 

9 ri t o  1°C n. 

Tbe General batten; of response of the LlLcd sle&r.ts is 

quhlitativelj sii,iilm for fkst r.eutrone . rd fcr x-rqs. This k s  been 

describd elael.herr i n  tlds account. 

-7% - 



Fage 2b 

Iiistolo&;cci &$senG t i x s  were rirdo cn the f c 1 l c l ; q  structures 

f of CF 1 a l e  uiu fe;;c,e a c e  d t e r  exposurc t c  65 n, r6 n, a d  117 n 

units ol fast .ieutrLns. The t d e  CAXTCW, thycus, l2ui.h coue md 

sTleen suffered Severe dacqe,  arri the  Ir . test ir . t l  c,-itt&iut wad 

decqed t o  D iesa'er eltent. All of these cretcs l l ~ a  cc plctek roccbcreo 

30 da;,~ after t h e  t..o lowr uuas. The testis Uhic i i  LZS d s o  

badl; d c u ~ p i ,  s h a d  a f m  si, ns cf re&r after 65 ar.u 56 r.. 

other organs observed ncre r e s i s t a t  tc Frracieticn t; fat neutrons 

at  these h s e s .  DPr.a&e w t s  rsre sevore cfLm the krgcr dwes, but no 

altcrttiorrs were chuactcristic of cf ie  :os6 ad nG,t of ill;cthor. 

general, the chaqcs :.ere si:.ilar t c  those dcscr bed f'cr x-rq J w e .  

All 

In 



-- 

P a s  %l 



the  effects on tissues ;.ere sw+,irzt.ie :.it,i. t!.cse cf x-rsys. 

I -  
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a used in the 1i;ttsr t7.x wries). 



at 4 ~ i j ' 3  d t - r  ii.,:cctic,:i ;CGe cf the ucse i wnri i.. t h e  1iv-r bf rtts. 
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at 234 d q s  in one a- tas 10.9%. 

i n  two a d a l s  exceeded the  L v e r  ccncentratior.  

The cwcentretiai 2; the sFleen 

L3q.h nocies :.ere 

re lat ive ly  hi& rA rlutonium ccntcnt. The ~estro-;r,teatinal cana l  

and kidneys were quite low. 

the &.-e at 15 d ~ a .  

bone) we= 1 thcsel rich it. rcticulo-endcthoiial t issue. The aount 

The recur C O i , t E h 8 d  as high as G.2'7w of 

The hi!hest aPPcunts ir, the tissues (excluding 

of thsoqti  n fra.. :.trec;usculcr irijsction shcv.ec; orJ; i, at the site 

of i r :  jection in 'three aniizls. 

aven . 
Heratolo&icd. 8 t U d i e S  show t h s t  i n  aniC.cls receiviq ,d,h i 



F i t h  earu death, the t o t a l  leucc ts ~ S S S  t h a t  5 ; C  

reduced iavel  durir.c tt,o entire e q c r i x - t .  It is suil-cLiteG tnrt the 

acute mb. .~ls  (det.tf. uithlr. iu ~ s j  s> the r%-ticuioc; t=s &Gst Zaa, ecr 

i ~ c e d i a t d g  ma are fOUoV.ei; by a slcw reduction i n  the red tlclod c a n t  

I In the acute datk:s the  Llood voluue irxreised tf'tur t h e  ..iutbr.- 

surviv iq  scvcral m n t h s  tk t o t d  c e l l  ,LSS tccreccec thrcu&cct life 

rrith a parallel dro;. h the blood volwie. 

in the  blood orpla.si;a voluncs uas nated. 

t i t  the hv; GO=# es,nc c h q e  

low level m i r z l s  shoned nc- c h a c e  i n  weight. 

PcthcloL ical f i n c i c g s  shor.-ed thdt bei'cre deztk her;rcrrho.,k I honoena 

extensive ecior.a ( ird .u- ir .L ascites), or;; ulcerzticc tna liice c w e s  

of rGci: tion cr=o;.i:e of severe r.rture :.ex! nctoci. 

i n  6u.e of the lower leval ank;ls w i t t i  resuitat tmpkric ulcertdons. 

ibciatt$ncmccurred 



Lver dises.,~, cscites 4r.d eizcitticr.. 

rtuiation cffcct . 
The icxi level aii ; . .Aa S ~ L W  ncl 

iii&Se 

- kna t u o r s  h;-ve occurred k. ir.ciAence cf c! tc 2.5,. c;f the 

PollwiI,& thle subCutana&x3 in;ectic.. cf ;lulicnim citrkte sevcrd 

7 FF. Tke bte Effects cf I nlected Ylutordur; on Cons. 
1 

Brues, Painter, U c o ,  S c i f t .  

i i s r 9 3 1  
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A. The LGWS cf Suniv;l 
Sacher, &is 

8. Kori.d -es lcf V a k t i c n  il; Blow Counts of Vtrious Inkorator; 
hi t ;a l8 .  Jacobscr., SLcfiir, Si.&,:. ris 

C. Catalog of Fixed Tissuee 
Harris 

E. to ldci t ;  of L;i~td,i ir. a Ctld Slue ;.fter ktrzcticsn of Uriinitu 
Jaccbsck, S i u n s  

F. Bioiocical Lonltt0rir.E et Clir.ton Li-Lcrstories. 
Curtis, I J Q J ~ ,  Andersm, ;:orris . 



A. The Toxilcity cf Uranium Cc,;!..puncis 
Tennlenbau end Silvershoe 

F. UroriulJ ,Ucretic;n Studies i ~ .  Husn Subject8 
Ferretti, Frice and Schrartzi 



of the Lice, we&.ht chalLes, gross ar~u I..iCI'L8COi iC Iathologicd changes 

and narta l i ty .  T h e  urwAun cbritent of' the crccins a d  tiSSlJ8S -;as ucteminea. 

Gn subcu'ta~rocus Injecticrl, u r a n b  ccLpcunds Ere very toxic. Ijepmaing 

on the p r t i c b  strain c f  m u 8 e  uti l ized LrL the experimt ,  a S&le 8ub- 

cutanems injection of b.5 to 2 L&. of urariium as the l ; i t n t e ,  jxoducea a 

n a r t a l l t y  in aaiie umbers of a grokp; 4 q. zas lethal to ai Lice. Strain 

is a nlodifying factor is toxicit3 while aEe a d  sex ~ 1 %  less i q o r t m t  roles. 

intdcetiun; the mist constarat and strikir-4 lathLlogicc,l chcn6esr;zs m acute 

necrotizing c.cI hcrsis Ihe deaths occurred durhg the acute intaxic&i<in 

(Tirst two weeks) ;  othervise the a c e  recovered mre or less ca.;letc&. The 

main aites of' uraniurc a c w l z t i c n  are the kidneys ami  k n e .  Uiszppecruce 

iron these or,pis is e slcrv; jrocess. Uraniun is excreted i n  the urine and 

In the ingestion a X p e r i n : e K t s  the urardum cuigound W f 6  incorpori;ted h t o  

the & e t .  j1dw dosages of 10 q. of urcniuix aa the nitrote prouaced relative- 

1;- lap toxic i ty  and no mrtdit:, , xhile cicsages of iX) u4. of uraniurt d d l y  ;.ere 

t d c  aarl l ekhd.  ft  is  clear that the re lGt ive l ;  icn, t d c i t j  cf uranium 

canpounds in ingerticin (co4.ared b i t h  i r+Aion)  i s  due to the low rate of 

absorption of these ccmpour~is fmli; the @strointestinsl traut. The ni;ture 

and duration of the intoxication, the kross uid Licroscogic pthclo( . ical  

changes and the uit tr ibcthn cf u r d u n ,  kL t h s  t issues were all si~ilar to 

that found in the injection studies. 

and baie, ard disappcra  sluwly aiter the removal of uranium frcn the d i e t  

Uranium accuruibtes slovily in the riuneya 



Stuciiea (X I  carr.p;rcltive th. t t. fo i lc r  i r l t  cc..&~unria 

In  consi,dering the tcocicoiagy of uraniuc ~i,i ;Ounda it is  necessary t o  

clearlj d i s t i q u i a h  ket;..cen the ex;xsure t o  uraniu, the presence of urmiiUtr 

i n  the  tissurrs, snd ur&niur tox ic i t ; .  

of uranium hi the tissues &rd the sthte of i r i t a i c ; t i c n  tt a; w e  tim is 

The lack of rel;tlcnskLip <jf the a s u n t  

discusseu. :Lt is sutt:t!steci t h h t  the x u t e  int&caticn Le considered &pa% 

fron the eub!sec.uent cGurse. 

cmpcund is ciiscusseu. 

The signif icance of the anicna of t h e  irgested 

For exariiie, it is ,rotY~kle t k t  uG2F2 is r~ore a 

probleni of CLuorir,e toxici t )  t h m  uraniui tox ic i ty .  The cmrse of chronic 

8. The Distributiori of Uraniu~r232 i n  t h e  Tissues of Lice Follwir.,. In.lecticxi 
of Urdu232 Llus 6 nitrzte. 

The uirtxibution of u r a n i d j 2  i n  t h e  tissues of rdce fcllawing a 

B2: Tamenbam et al 

e i q l e  intramrcular in3ection Lf the cciiLr-ooUllci was cietcrmirieu. 

injected wit,h 1.5 dcrocrairg of the C O G ] O U ~ ~  viere sscrif ' iced for 

&ice 

a n d p i 8  in txo ruccks; mice injecteti x i t h  4.5 mhro:recs, ir. fc.ur v;e&s. 

AppraLate:Ly 9Op of t he  a t e r i a l  was excreted. Bone wa.8 t he  krincipal 

site of accimlatiori cor,taining approxL.at.ely 7% of the rdained amountg. 

Kidney was ,next in iqortance. 

organs a lesser amunt. 

that of u r a n i d J 6 .  

The liver can tahed  b and the other 

The dis t r ibu t ior ,  of ~raniUc?3~ is ddkr t o  

Both accuuhte  ir' &ne ud liicineys, 4~ both are 

excreted t o  a relatively hi th  dogrce hneiiately after injection. 

I t 5 1 9 3 b  



pexcer,ta&e of the dose retained ir.  the a , L ~ l s  vLriecl frclL 4.5 to  ll.L 

of the dose; bcne ccrLtainek 66 to 76.3-;  kidne; ccntc;:ne;l 3.4 t o  i5.L~ 

l iver ca.taiiied 0.E t o  1.6; the irijection s i t e  itz three ardcds  vanerl 

frc;.. 10.7 t o  16.6~; tho  rest of the Lr,ycs cor;tar.neu 0.5 to  O.Ek of dose. 

Ccr..prrirson sith q,eriL-.ents cr; the fecdnk. and i3Ject ic . .  of u r a n i d 3 &  

is giverl. 

d ie t  (nitritca) showd iL depmited in bcne, ~ E , G  irikiuney a d  O . ~ , O  in 

l iver.  

ciaJ period 66% in tcne, 3% in kidney a id  G in l i v e r .  

k&&s receiving this ccirrpuna for $6 weeks a3 b of the 

h k a l s  irijected with 2 q. ci urmiun nitrr;te shmW et the iJ 

C. m e  Licrc;fluorimtric Deterciniitiun of Uraniun. By: a Ferretti 
and SChWi&Z 

The mthod described for the quwtitative aeteriinstion of u r d u o  

is sensitive to O.OOO1 ;;icrck,ra;.a. A s  such, it %s the r i s t  s ens i t ive  

athod for crnsLiwr, analysis w i t h  k..fiich the authors are i d l i a r .  This 

sensitivity (and accurac2 have beer1 male Fossible bS the develLpnefit cf 

am&l sarnplea CEJ~ be anel~zed ard it is  rarely necessary t o  resort to 

prel imimy jpurif i cation. 

D. yrsnium Listrit.ution In Tissues ~f LxperLent.d m i r i a l s .  
by above authore. 

Studies in  j rogress. To be cc::qleted in abcut three w e k a .  The 

c h i e f  interest is in the cectral nervous system u r a n i u  in chronic studies. 

E. The EPfect of Oraniuui Fk~osure on Urine Cetdase !bcretion. 
Kats. Holt d Schwarts. 

Thraufi rabbits Snjected with k i u n e ~ ~ ~ i r ~  cioses Gf urmiucl excrete 

increased anroonts of catalase in the urine, no uifference was found i n  

urlne catalase act iv i t s  ir. exposmi a d  rion-exposed yrc ject  p r 8 G i J l d .  



F. Urhniun hxcreticr, Ferritti. Price 
a d  S c h r ~ ~ i ~ .  

per liter 

G. The Effect of ketd ex~~oeure or. the hcratiori Gf N E t u r i l i : ,  kcurri~g 
Por~b~iw.  Bs; S c h a r t z ,  &,-aria and sfatson. 

a. bad, Thirtesri rabbits vierc aczinistered up to 45 34. of leau acetete 

ler kg b u y  wei&.t. In all the t o t d  co,.m:.ori.h;r-h excretion rose from 

an average of 10115 rticrogracs per -2 to a t a t  200-600 t;icrwriu;ls per day. 

value8 r e t u r m d  to  norm1 only after several seei.8 t o  several w i t h a .  

The increased copra-j.orphyri.n excretion was found to Le specificallj due to 

the copro 11:s isorer. 

Red cell protoporphyrin a lso  rose from ccntrol vdues crf atatt 70 

t o  over 200 IdcroEFame jer 100 cc. of cells. 

There was no apprecic.ble effect  on the w&ht curve durinc this j eriod. 

b. Uraniun; Several dozer_ riliLits E& m e  dog have beeri injected r.ith 

0.05 t o  5 q;. of uranil:m nitrate per nE boo;: weight.  

predr~tous drop i n  total urine coprqoqhyrin sxcretiori which =allele the 

kidney daciage as reflected in the decline i n  urine specific grclvitr. &all 

doses cau80 a elm increase of to te1  copropoqhyrin t o  203 times the control 

values. 

type IIl iscxier, but further stud; i s  desiratle. 

Large doses C&JSO a 

P m l k i n q .  studies indicated thzt this h c l a a s e  waa due to tb 

c .  Co&.incKi Lean ard Uranium 



c.  CorAineC h a a  a d  adxL nisterec first tc  cause 

a mkrked rive in wino coi-ro excreticu, i.e. to  j u u  rr9crotrtL.s :Br 'aa~,  

the addnistratioi, of ir iarge a u u n t  (2.5 4 K g )  of urariiui;~ to a rc-bbit 

cirusea a grec:i,-itous droi t o  a iel; 2 c r o ~ r r ; s  +r aq-  within  2~.-48 b a r s .  

T i i s  is uodoubtedlj re1:tcjl to k i m e y  cr;t.rzice. 

d. Thorium Thoriun give.. alone acts S ~ K L L I ~ L ~  t o  urariiur;, i.e. large 

dosee (&&So tdKC;) depres8 a m  &=dl doses slbw1;- increase t h e  t o t d  

urine copro excreticn. 

the- t h c r i u  ,,r&ces a seccm : rcricunceu ii.CrLLae in the urlrie co, ro CLCI*C- 

tion. This i s  Cort.pletel; unlike urariiurn. It shoidd b, j o in t ed  G u t ,  

harever, that urine skecific CravAtj is  rict &Arlishe\i kL thoriu.., so 

that the riieclnanism of its a A . i C l i  i s  c.uite c d t a i : . l y  df ferent  fro. .. thht 

If ieai is Liver. first krAu f(.llm:ea by t h o r i u  

e. ljervlUum in iioses of 2+;,5/K~ has l itt le effect  on urine copro 

In mst rzkbits, hc:;ever, it has a jrofound titfect on liver excretion. 

fmctiori, as indiccted by Q L a k e d  increase i n  urine urobilhopn excretim. 

f.  Lanthanu i n  sSngls or m l t i p l e  doses CX 20 L ~ Q  or aincle uoaw 

of 30 nc/& has l i t t le  e f f ec t  on the urine cojro a c r e t i i n .  

f;. Arsenic in doses of 1.5 - 2.0 q / K g  pro0ucea a -kea pro@, rise in 

urine copro excretion t o  values of si0 r.iicropma Fer day cr :;lore. Values 

return to namd within a fer OQS. 

h. Effect of Bal BAL i s  quite t d c  88 indickted by the increased urine 

urobilhoger~ and urine CoFroporFhyrin excretion f 0Uar;ing ad5nletration 

of therapeutic UOSMJ of 6-20 me/& (in peanut o i l )  . Administered before, 

&r;ultuneouci with or after the addriistratiori of mtals, i t  8eomd to  have 

no effect 011 their prphyrinspethic action. 



h. m J f f e c t  cf &ne a rea .  S t i m l t t i b n  cn Ccrrc:orr.hurlrl ;Jrcrctton. 

The dog8 develoj-eu iz severe anemir f o l A c ; l . &  t h e  ~ ~ ~ . i r ; l s t r a t i c r ~  cf 

By: Schwstz .  C1ickr;iJi. Hunter and ,idlace. 

fdZbylhjmezline. 

in the fo1ltw:ing eeveral d q a .  

Feczl 1 r o t i l h o L e n  mu urine b i l i rub in  ros8 a r k e u l y  

Theae v:ere followed by ir-creceeci retic- 

dCCytolri8 ttO mer 50';. A t  the S a &  tb.8 both wine U d  ~ e C d .  coy.ro- 

porphyx5n arcretion increased ;Kx> t o  300 percer.t. T h i s  increase wa8 

ahown t o  be due to the t 3 I m  I ieor:,er. 

This  iu in c:ontrui;8tinction t o  Lead ex;csure vrtiire Lhe a r e t i o n  of the 

t y p e  Iff i s c u m  is increased. 

The tJp Ill isa..er i*aa lzot affected.  

hvo rabbit8 sMlhr1j trestea c- i th  phenylbarazine shcaed questicrable 

effects 

i. 

upri pxqhyrin a c r e t i o n .  Stuaies -e sti l l  in jqropress. 

The Effec t of Ik.dun on Enzyms S?:steris. rrotein 8ni Tissue Letabcii8.z. 
-warrOn e t  al. 

Urcltium when absorbed h t c  the bow cuibkes w i t h  pmtu in  i m  

reversible rrtate. The c a L i n a t i c n  h a  been demnstrated. t o  be with 

the albumin rathcr t i  M the & l o t d i n  f r e c t i o n  (plutodum). Urvliurn 

cornbineu ahso With rJordum b ica rbmate  d.80 in a r eve r r ib l e  s t e t a .  ftr 

a f f i n i t y  for the bicarbonate f r a c t i o n  is  greatest in the plus 6 state; 

the a f f in i ty  fo r  the Frotein fraction is frectest ic the  $us rC a ta te .  

the =tal i n  removed by t h e  aadition of either c i t r l c  a i d  or sodiun . 
licarboaate 

&tinaive atudiee on t h e  diffusability,  f i l t r a t i o n  etc.  of uranium 

compounds have been carried out. 

enzyms sastcrms have been deteruiried7 

The e f f e c t s  of uranium on rrpecific 



- /&- 



0 

The problem of t h e  research program, i n i t i a t e d  o r ig ina l ly  m e r  
t h e  cuspices of the  0. S a  Ra D., 15 October 19L2, and later hcorpor-  
ated i n t o  t h e  framework of t h e  Lianhettan L i s t r i c t  Project, was t o  
f irst  evaluate the1 possible hazsrde a r i s i n g  from radioactive . inaterids 
produced by uranicm fission and, second, t o  explore the possible mthods 
of tre&tmnt of individuals  who night becaie  Lnfected with dangerous 
amounts of these substances. The f i rs t ,  and m j o r  phhse of t he  re- 
search e f f o r t  WES devoted t o  a fa i r ly  exhaustive survey of t he  metab- 
olism i n  rats of $he more abundant lon&-lP;;ed fissi0.i products, thorium, 
protoactinium, neptunium, and plutonium. Ptral le l  to this compemble, 
though less exhau:stive, experimcnts were done t o  invest igate  the  mt- 
abolism of t h e  majority of these s u b s t a c e s  i n  plants a d  t h e i r  depos- 
i t i o n  i n  verious ‘types of soils. 
program was concerned with possible  therapeut ic  nethods f o r  t r e a t i n g  

de t a i l  t o  t h c  exploration of d i - f e r e n t  Frocedures t h r t  possibly d g M  
prove of therepeut ic  value f o r  t he  thercpy of individual:: h f e c t e d  with 
those of t h e  long-lived f i s s i o n  products and plutoniuri, which aro se lec t -  
i ve ly  accumulated i n  the  skeleton. 

rJ 
.. 

The second aspect of t h e  gener r l  

a individuals poisonek by these agents and devoted i tself  i n  considerable 

The work under the general  metabolic program included the  
study of t he  assimilat ion,  d i s t r ibu t ion ,  r s tcn t ion ,  and e l i d n c t i o n  
of the car r ie r - f ree  radiosct ive isotopes of strontium, yttrium, drcodum, 
columbium, ruthenium, t a l lu r iun ,  iodine,  xcnon, c e s h ,  b a r i u ,  lanth- 
anun, cerium, preseodynium, t h o r i u i ,  p r o t o a c t i n i u ,  neptuniun, pluton- 
iu, and arcericitm, using rats is t h e  experiizental atlimals. X t h  t h e  
exception of thorium and amer ic iuq  thoso mi te r ia la  were admirdstered 
by the  three chief portzls of en t ry  i n t o  the body, namely, o r a l  pat- 
mal, and intrapii lnomry. These t r e c e r  studies, i n  mst instances,  
exterded over periods of time up t o  and including sixty four days. 
t h e  cas3 of p lu todua ,  the atudies  were f o r  in t5rva ls  r q h g  up t o  
almost one yew.  
i t i o n  of these  various radio-elcixnts Fn the twelve to f i f t e e n  most 
important crgans, a very d e t a i l c J  s s r i e s  of radiosutographic studies 
was completed with the  two urgzns rrhcre deposit ion a d  rc tcnt ion was 
of greatest  importance, namly  skeleton and lung. I n  addition t o  the  
anhd .  exgeriments, a very extensive s t u d j  with plutonhm 238 was 

In 

I n  zddition t o  t h c  direct detertnination of t h e  depos- 



undartakcn c ~ q l o y i n g  2 r:lativcly no rm1  human subjcct from whom sev- 
crzl  highly inpoiitant t i s s u e  sanplGs wcre seccred inc1ud.w tone. IC 
t h i s  p a r t i c u l a  instance, a conplcte cxcrktory record was obtaincd 
f o r  &lost one y m r .  The r e s u l t s  of a l l  of thesc  t roca r  m t a b o l i c  
s t u d i c s  riay bi, siirnarizcd i n  the  fol loxing lr,anner f o r  thosc radio- 
clcficnts l i s t e d  :ifA t he  footnote.” Thc z lka l inc  c x t h s ,  rare earths, 
z i r c o d u n ,  coludbiw,  thoriur,;, p r o t o c c t i n i u ,  nsptunium, plutoniun, 
and a.,criciw-, w h a  if-troduccd i n t o  thc  body !!ere‘ dcGositea p r i s i r i l y  
i n  t h c  sk t l c ton  and the t-vcrcgc dcgr- i  of i.Ltention of the  abswbcd 
radio-clcucnt, r rgcrd lcss  of thc: route  of administretion, rangid fror, 
25% tc 75;. of t he  mount hitiallj &sorbed. The f r s c t i o n  of these  
radio-dements rc ta incd by t h L  s k e L t o n  i s  eliminatad ct r a t e s  which 
arc  less than t h e i r  r?.tcs of radio-zctive dcczy with t he  excu 
of thl; 34l day cicriun, possiblx thc  30 ycar strontium 90, pU2 9, and 
Ada.. The rctudning five long-lived f i s s i o n  product 9, rutherdun, 
tclluriun, iodine,  xenon, and cgsiun do not shou any s ign i f i can t  d e g e c  
of l o c a l i m t i o n  i n  the skelctoc. I n  eddition, t hem is  no very s t r ik ing  
deposi t ion in a i g  of the o t h c r - t i s s u c s  h i t h  thc  wrczption cf t hc  accum- 
l c t i o n  of icdirlc in t h e  thyroid.  ”hc ratcs of e W . n a a o n  for Eill 
of t hcsc  f i v c  radio-clcucnts arc much g rea t c r  than t h e i r  ratcs of 
radioact ivc dmsy, with t h c  exception of radio-iodlnc (1131) accuIIIL1-. 
l a t c d  in t h c  th,yroid. 
l a t e d  iodinc in t h e  thyroid i s  m y  tincs slawcr than its ratL of 
radioect ivc dccay. 
group which are absorbed by w a y  of t h c  digGstivc t rLc t  t o  a s ign i f i -  
cant dsgrcc include s t ront iw, ,  kariu~,, tcl lurium, icciini, a d  ~esiurn. 
The other membcrs, notably y t t r i u n  zirccjniut;, co lub iun ,  rutheniui, 
lanthanm, ceri .u,  and prasiodyr;iur;l LE nc t  absorbed by. ilay of tho  
d i g i s t i v e  t rac t ,  t o  any s i . -n i f i can t  digrct;, likzviisc n:;,!.igibla ora l  
absorption was nctcd for Th, Pa, lip, Fu, 2nd Ai. A high dcgrc;:: of 
r e t en t ion  by t h c  lungs has bc in  obscrvei;: f o r  yttrium, airccniun, 
coluubiuri, ruthcnim, lmthnnuo, ceriun, & prascociyiziu~i~ which f rc -  
qucntly approachcs end in sorx d r c u n s t m c t s ,  o x c ~ c d s  thG radiosct ivc 
rates of dsccy of thcsc  mbstmccs .  Thc pu2-mfizry r c t c n t i m  obs\;rvcd 
with s t ront iuu ,  bzriun, t e l l u r i t u ,  iodinc, a d  cysiuL-, is negligible 
m d c r  the  c o d i t i o n s  of t h c  q i r k a t .  
sumarized abuvt, wcs t h e t  qua l i t a t ivc  cstirAnt;s wr; pcssiblc  i n  thc  
cvcluation of .the rclativc.  dcgrcL3 of hazard t o  :-.c-Jtl? f o r  thosc in- 
d iv idua ls  who might COILC i n  contact  with t h c  agents l i s t c d  abovc. 
Pulnaonarj E t c n t i o n  was d s o  high with Pa, Np, and ?u* 

Pori 

I n  t h i s  particular casc, the  relozsc of accumu- 

Thc mmbcrs of thc  long-livcd f iss ion products I 

Thc v t l a c  cf thc; gc:icrzl data 

A largc. shmc of thc  total  c f f c r t  crgcndcr? b2- t hc  group working 
on tracer and m t a b o i i c  s tud ic s  w a ~  dcvoted t o  an c v a l u a t i m  of thi: 
bchcvior of pl.utorium i r ,  d n a l s  E d  in con. Thc results of thGsc 
s tudics ,  which were f s r  man; exhaustive than thG e t t cn t ion  dcvotd. 
t o  any one of t h t  f i s s i o n  products and t hc  othcr heavy d a c n t s ,  rc- 
vcalcd t h e  foltlcndng i m p o r t a t  i;o;nts. Thc zbsorption of plutoniucl 

I IS  P 943 



-3- 

i 

fron; the  digest,ivc t r x t  i n  ra ts  is 3mt o e o c r  of .007% Gf the oral- 
ly adrmnistered LOSC, which i s  n e j l i g i b l z ,  
l a t i o n  of plutonium absorbed i n t o  the  bloGd s t r c a x  i s  thc  skilcton. 
Tho rat: of rdzasr: of Flctoniun accumulated by the: skeletor, i n  r a t s  
i s  extremely slew; thL . j s t i i s t cd  n t l f - t i r x  of t h L  cxcrct icn has been 
cvaluatcd t o  bc g r c a t e r  thm ttvo yccrs.  
inc t ion  wes f a r  lcss, giviiiu a lcw-r limit f o r  t h L  half-t lac rztc! of 
excrction fror,, t h e  s k i l e t o n  of 50 yeors. 
s tud ies  revealed t h a t  plutoniun i s  depositcd p r i s a r i l y  ir. the region 
of the endosteal h y e r  of tnc  c o r t i c a l  and cv lcz l lous  borie. 
this matcrid.  i s  accumulated within t h e  ostaoid natrix. 
l i t t l e  plutonium apparcnt ly  cn tc r s  thc mincral por t icn  of t he  bone both 
i n  rats and i n  m a .  
ation, t he  very high t o x i c i t y  of yli.tonium since 2 l a rgc  Frcgwrtion 
of th?a alpha r q s  can en tc r  t h c  rc.dia-sznsitive bonc marr~w. An ix- 
tensive s e r i e s  of i n h t l z t i o n  s tud ie s  wcrc doni, a p l o y i n g  aerosols of 
Pu%, prcduccd. by burning zn lo i idcs  End n i t r a t e s  of plutoniuc md the 
m e t a l .  Thcsc s t u d i c s  rcvealcd t h a t  of t h c  ordcr Gf 10% of thc  inhzlcd 
material  i n  ra is  i s  dcpositcd wit.hin thc  a l v c o l i  xhcre i t s  rat? of rc- 
lease w a s  of t h c  ordcr  of a f r z c t i o n  of 1% pcr day of t hc  rctaincd 
amount. Cosrpa.rablc r c s u l t s  wcr- obtAncd f r o G  s tud ic s  of the inhcl- 
a t ion  of fine aerosols of solublc ccmpounds of plutonium w i t h  t he  ob- 
servation that, ;I s i g n i f i c a t  fl.: c t i c n  was 2bsorbi.d through th; l u q s  
and dcpositcd i n  t h e  skeleton, ::hilt in thc  ccsc of thc: oAdc si:,,ckis, 
ncgligible absorpt icn through thc  lungi occurrcd. 

"hL chicf organ cf a c c w -  

i n  tnc  hman study, t h e  d in-  

hrcovLr,  thc.  rc.&a&tL;r:FhjC 

P r r m b l y ,  
Rciativciy 

This i n t e r c s t i n g  bchavior explains, i n  our cstin- 

ri survey of the deposi t ion cf f i s s i o n  products and plutoniun 
i n  p l a t s  and s o i l s ,  rcvcalcd t h a t  a l l  of thcsc rzcio-alcacnts t a d c d  
t o  bc h o b i l i z c d  by s o i l  co l lo ids  t o  a v i ry  high dcgrec. 
in scch i r k c t x d  s o i l s  Jcmonstratcd cn cxtrcncly high s d c c t i v i  accum- 
u la t ion  of thcsc riatcrids ir, t h+  roots. 
only ainutc  q u a i t i t i c s  a p p c ? ~  i n  t h  stai.s a d  ~ C ~ V C S .  

t h o  work, of coursc, i nd ica t c s  t h c t  thc r - l c r sc  of f i s s i c n  product: or 
plutoniun i n t o  t h e  e g r i c u l t u r d  e r c a  w i l l  probably bc zttcndcd by i. 
very scrious p r c , b l c ~  of corisidLr-bL durc t i c n .  

Plants grown 

With t h L  urccption of stroctitun, 
This ph sc of 

The sccond phLsc of t hc  projcct  c t  Bcrkdca cncafipassed the  de- 
c o n t a a t i o n  of s k c l c t a l  dcpqs i t s  of f issionatl ; :  rztcrials. Up t o  t h e  
prcscnt, c x p e r h m t s  haw- b a n  ccnFincd t c  plutcniun, and t o  t h c  raciiq- 
activc isotopes of strontiul; ,  yttriut.;i, and ccr iun which x c  producdd by 
nucha r  f i s s ion .  

The bohavior of thcsc  clcnznts  was c o ~ p a r ~ d  under conditicns 
prcfoundly a f c c t i n g  bonc: fictzbolisrs. Growing rzts fed e Gict low i n  
calciun ab&rbcd ovcr 25 t L c s  es much Sr* f r m  thc st 2s did adults 
rccciving d c q u a t c  calciucz. 
tcnt ion of in jcc tcd  S r G  bctwcm thc  two groups, Cut no apprL:iablc 
c f f ec t  on Ys, Ccs, o r  Fu-2. 

Thcr- wes a four-fold diffcrcncc i n  rc- 

Scvcrc: phosphatc dcficiency was produccd i n  rats with a syn- 
t hc t i c  d i c t  contzining weshcd blood f i b r i n ,  o r  b~ adding duwinUn 
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hydroxido t o  :- ncr1.s.l c.ict t o  p r d i p i t z t z  - thc  diitc-ry phcispkt, and 

pr:vmt i t s  abscrpticn. Thc dcf ic iLncy prciuccd sLvcr: dicc.lcif  i cz t ion  
cf t,cni, and rcduc:.C the x t i n t i o n  of S r +  thrL- c.r four fc ld ,  blit had 
no apprccirbl:, c f ' f x t  on t h c  r - t c n t i o n  of P, CcG, or Fu*, I n  ad- 
vmccd stqg-s;, 1 n g c  c r c s  cf t h v  bcnc ccjfisisti;d cf crgvt ic  r.2tri.x 
f rc-  frcr,: Lollr; s:.lts. Radio.:utogreFhs cf unciccL1cificd bonds froin such 
a n h , t l s  S ~ C W C L  t h z t  5x4- w c s  d c p o s i t d  cxclusivcly i n  thz rc rak- ing  ricin- 
crQ b6r.c sa l t s  of thc s h d t ,  w h i l L  Y*, Zr+* 9 Ccs-, ull PUG- wcrl: dcpositcd 
i n  thc  uncalcificd cjr,Lnic ELtrix. ThcsL r,xpcrirL.-nts indicate t n  t Sr* 
fcllows thc  pizth c f  cr-lciur.; r r r t d m l i s r a  2nd icc cl:,plzitcd i i i  t h c  rifiuq.l 
c;f b o x ,  w h i l c  thc  r-,ctclt!olisn of t h c  o thcr  LLLLLGS appc;rs t c  bc 
u n r d a t c d  t c  t h a t  of cdciu. , ,  and thby .zrc llcporitid in thc  orc:enic 
rztrix of bonc. Evcn in t hc  f o m i n g  bonc of 8 hccling fr:cturc, Pu* 
mnd Y* wcrc d,cpcsitcd i n  t h z  c a l l u s  scvcral days bGforc thu  onsct cf 
c s l c i f i c s t ion .  a i d  thc dcposi t ior i  of Sr*. 

Thc c l k h a t i c n  of Srs-, Y*, Cc*, ilnd h* by rats WES follcwcd 
f o r  s c v c r a  c..onths t o  d c t c r i m x  t h c  c f f c c t  of prolonged t r z r t s . i n t  w i t h  
prrathorcionc, z~.c;ni~n chlorid;, c i  t x t c ,  c r  c thcr  cgznt s uscd i n  
t rLat in6 chronic 1LGd znd rediui poiscning. NG significcrit  c f f d c t  
VGS ObscrvLd, cxccpt fclr a sr .dl  incrcasc  i n  thL excr:tion cf Sr** 
This docs not hcdd out cuch hoFc f o r  dccontaminLtiun by such mcthods. 

k prmcdurt  was stqgcstcil f c r  rcducir.g thc t c x i c i t y  of thc 
plutonicw. dcpcsi ts  in t h c  skc lc t cn  by c v i r l z y d r i q  thcm with n-w ncn- 
radioact ive bcnc. This w u l d  s h i c l d  t h c  scnsitiv;. c d l s  of th: bonc 
narrow a d  bonc frofi: t he  shGrt rang. d p h c  pcrtic1i;s. Various h;as 
of dcca lc i f icz t ion  fcllcwfL by fi, 'i.! bcnc forrxztion wcrc invcst igstca,  
and radicautopaphs of t h ;  boncE shcwcd thz t  ovc r l zyAng  r c t u d l y  d id  
takc  placLa 

EtZboliSr;, including r i c k c t s  rnd scurvy, and on thc  f - c t u r s  involvcd 
i n  thc  ncw blmnz f o r m t i c n  a s soc ic t cd  with frEcturL h;;chng. 

Bpcrfincnts wire d s o  CLrriud cu t  on vmious phasLs of bonc 

Th, wmk planncd f o r  t h c  cocing f i s c 3  y L r r  includGs thb  follow- 
ing r a j o r  i t c m .  
s tudics  with rzts usin& thc  nor1  i a p c r t z i t  lcn,-livcd fissiGn products. 
limy of thc  c a r l i c r  i nhc la t ion  s tud ic s  with f iss icn products wcr, un- 
sa t i s fac tory  duc; tc; thc  unava i l ab i l i t y  ?.t th3.t t i n c  cf what wc now 
cmsidsr sui tzblc  t L c h n i c d  ncthods. 
cludc the  i n h d a t i c n  cf cxidcs 2.s w c l l  8s sclublc cc,r3pounds of rndo- 
c l m c n t s  scch EC-s yttriw, zirconium, C G l u h i u r . . ,  r u thc rhn ,  c c r i u ,  
and'praseodymha. 
f i s s ion  prod.ucts group which show a h igh  dcgr:s cf rc tcnt ion in pul- 
monary t ' i smcs .  I n  Zdd i t im  t o  t h c  anha1 s t u d k s ,  which zrc  i n  thcn- 
sclves rclat , ivcly s t r a i g h t  fcmx-rd and bricf, it is p l m c d  t c  under- 
take i n h d & i o n  s tudics  wi th  thcsc  agcnts usin[, n o r E l  h u a n  subjccts.  
A vcry sa t i s fcc tory  taAmiquc which hcs alrczdy d c l x n s t r ~ t c d  i t s  cffzct-  
ivdncss has bLIn d:vclop:;d ?.rid subjcctcd t o  t r i e l  by onc of t h c  ncubcrs 

First, w c  pltn t c  p-rf'cr!,, mrc: zdcquat- inha la t ibn  

Thc projcctcd apcrbimts in- 

Th~sc rcprcscnt  t h c  m,dhrs G f  thc  long-livcd 
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of the Bsrktlcy group. 
the  ahcrtcr-kivcd i so topcs  and undcr such ccnditions,  thc: zxpbrjJ3cnts 
can be donc Withcut r i s k  t o  t hc  subjccts .  
i n  r a t s  are p:Lenncd elqloying c u r i c r - f r c c  r zd ioac t iv i  isotopLs c,f thc  
following agcnts; notcbly, gellun;, germznium, arscnic ,  sAcniun, 
rubidium, molybdenum, elemint 43, rhodim,  palodiun, s i l v L r ,  cacbxiua, 
indium, t i n ,  mt incny ,  ncodydum, clcrdsnt; 61, smcriua, .:id curopiun. 
As many of t h c s t  d i f f L r c n t  cl ,mt.nts will bc studidd LS tim pGrmits. 
Thirdly, trect:r s tud ios  will bc; i rdtkt .xi  Lmplcying r d i u n ,  ectiniun, 
uraniuu, ane r i c iu i ,  cz.1c-1 c u r i m  i n  znir:ds and h w s  using c l i c i c d  
n a t d a l  avxii3t~blc frur.. thu I M i c 2 1  School. 
studies coploying the  ffiost ir.:;:crtant cf the long-livcd f i s s ion  products 
i n  such humn subjec ts  w i l l  be  a t t c q t c d  i f  t h c  is suff ic ient .  
t r ace r  studic:; arc planncd with such 4ci;icnts which although nct nat- 
ural ly  r cdoac t ivc ,  c x  b e  rradc s o  by cxpcsurL: t o  i r r a d i e t i o n  by E 
chain r m c t i n g  p i l c  . 
notEbly, chronliwn, irm, nickcl ,  u tc .  
using a radioact ivc i so topz  c;f bcrylliurn, ( B c ~ ) ,  i n  ord*r t o  study 
thc mctabolisai of t h i s  s u b s t a c e ,  which i s  riost clsrt2inly warrantcd 
i n  v i ~ w  cf t h c  ominous t d c  chz rac t c r i s t i c s  cf t h  c l m c n t  which is  
apperent i n .  i i idustr ics  whcrc; th is  subs tmcc  i s  cncountsrcd ir, k r g z  
a n a n t s  , 

Hcre, of cours,, it w i l l  bc ncccssary t o  usc 

Scconuly, t r a c c r  studics 

I n  addition, t r acc r  

Fclurth, 

Thcsc includc possiblc  i z t c r i a l s  of construction; 
F i f th ,  t r a c c r  s tudies  zrc  p l m c d  

Under t,hc decontamimtion ptrt of thc progra.  &ring the cming 
yezr, it i s  propcscd t o  extbrid thcsL i n v a t i g e t i c n s  t o  includ- ur2niunD 
thoriun, cctiruur,,, p r o t o z c t i n i u q  r a d i i D  and c l c m n t s  95 a d  96. 
lictzbolic stuclics of the  c f f c c t  cjf cgc, d i d a r y  czlciw;I, and phcrsphEt2 
dcficicncy w i l . 1  i nd icz t e  whcth-r c r  not thL t lcnsnt  in q w s t i o n  fcllows 
thc  path of calcium mct&olisr. Rrdioeutographs of banes f r o c  injcct-  
cd phosphst, clciicicnt rats w i l l  show whcthcr thc s i t c  cif dcpositiGn 
is cxclusiv:1j i n  thb  mintrd Doni s L l t ,  o r  i n  t hL  organic mtrix. 

kgcnts which & h t  incrL.esc thz  L l h i n - t i o n  of t hc  clzncnts 
undcr ccnsidcr2tion will bc irivcsti&ZtcJ. 
forning sdublc co:.glzxcs with t h c  udA.s,  BhL End non-toxic n , tds  
(such as Z r  a d  H f )  which d g h t  c o c ; p d i t i v d y  rcducc tk dcpositicjn 
i n  bone. 

ThLsc H t i l l  includc coqcunds 

Thc oxpcrifficnts on ovc r l ayc r iw  of p l u t o n i w  dcposits by new 
bcne will bc Lxtcnacd t o  o thcr  c lcncnts  which cmi t  alpha p - r t i c l c s .  
Toxicity a p z r i m n t s  w i l l  bc ca r r i cd  cut cn s d l  -1s tc ;  dctcrclinc 
thc c f fcc t  cf ovtrlaycl-ing on clortali ty.  Thc wlrlzyering c.xpLril;lcnts 
are also t o  bc czr r icd  out  on puppics a d  ca ts ,  adding aludnui h y d r d d e  
t o  the nom& diet t o  produce deca lc i f icc t icn ,  
p r t i c u l a r l y  tk t  produced by adding ahminun hydraddc t o  2 n c r d  
diet, w i l l  bc f u r t h c r  inves t iga tcd  i n  a i r i d l a ,  a d  possibly i n  select- 
ed c l i n i c a l  cascs, t o  detcrnint; i t s  value 2s a x?ns of producing bone 
resorption. 
the ch3ractir  and r e x t i c n s  cf bme ,  including thc nr ture  of t he  
organic Lmtrix i n  which thzse elenents  cre ddpcjsitad, 

Phcsphatc dcficicncy, 

E w w i n a n t s  w i l l  be c z r r i c d  out t c  c b t e n  infomat ion  cn 

Three t y p G s  of 

def ic ient  c r  
animals should be p a r t i c u l e r l y  experiments: growing 
Vlimls which =e cc t ive ly  
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r e c h i t i c  a n h d ~ s  i n  which bcrie sa l t  is rGscrbcG laaving lr-rgc a r e s  
of unczlcif ied crganic matrix; and a h d s  d t h  hiel ing f r x t u r c s  i n  
which the re  is c vcry ;ctiv\: locc l  f o n d t i b n  cf new bone in t h t  c d l u s .  
The e f f e c t  cf prc tc in  dcficiency and p l a s m p h z r d s  cn thc  orgcr ic  
bone matrix w i l l  d s o  be s t u d x i ,  t c  dsterminL t h z  in f lumc,  orr the 
deposition of thcce &xner.ts. 

Another phasc cf t hc  pro jec t  at Bcrkeleyuzs t h t  us2 of ra i io-  
c l a e n t s  i n  ag r i cu l tu ra l  rLsccrch. 
by plant  roots  imst be zccordcd a rak w i t h  photcsjnthesis TS CL- of 
t h e  t r u l y  v i t a l  prcceasos of p l a t  grokth. 
a r s j o r  f i e l d  of study f o r  t he  p l an t  physiologist ,  end i n  i ts  diver% 
aspects,  i s  t h e  control  t k o c  of E-ll invcs t i rz t iuns  decl ing with s o i l  
f e r t i l i t y .  KLthtrtG, ion-absorption by rco ts  has beJn studied ehcst 
asclusively i n  ttrm of net gains erd losses of ions by the  root  sys- 
t e m  o r  by t he  cu l ture  mediuiA1. 
t o  study the  process frccl t he  point  of view cf p l x t  anetcny. L i t t l e  
infornation i s  m a i l c b l e  2s t o  which c e l l s  o r  regicns of thc: mct 
systen a re  involved i n  the prccessLs of  xiwral cbscjrption, ion-exchcnge, 
etc.  &xst ncthing is known concerning the  plq-siolcgicrl mlc cf i cns  
such as Nar, K1, C g u .  end t h e  so-callad " t r cc t  clcmcnts." 
proposed wcrk, these vita md , s s e n t i a U y  untcuchLd f i e l d s  w i l l  be i n -  
vcst igzted with the use of rr-dioactivc isotcpes. 

It i s  znt ic ipzted t h z t  m y  cf thL above nentionzd physiclogical 
problems in a @ c u l t u r d  resezrch nay be sclved by the  deve lqxent  of 
mthods cf p r e p ~ r l n g  rzdiccutcgrr'phs cf plant t issues .  By these L;ems, 
it should be pGsSible t c  study t h e  r i c h m i s u  c.f zbsorpticn cf r n ~  in- 
o r g m i c  ions by roots .  
ro l e  of per t icu l2r  c l c e n t s  i n  t h t  develbpndit cf p ? r t i c d L r  t i s suos  
i n  the  grclwing plant  structure. 

The absorption of ri.cdv.1 nut r ien ts  

The proczss cons t i tu t - s  

V i r tue l ly  no e t t m p t s  havc been mde 

I n  the 

Alsc, it night  wel l  bc possible t o  deternine the 

Insepzrablc from the  g e n e r d  prcblca c f  n ine r i l  n u t r i t i o n  cf 
p l a t s  are t h e  innumrable prLble3s prcubnteti by thG co rq la i  c c l l o i d  
c h e d s t r y  ~ f '  t h c  s c i l  i t s d f .  
c h d s t r y  ~ f '  s o i l  i s  f a ?  f r c d  d s q u a t c .  
ion-zbsorpticn r e e c t i c ~  i n  soils is c c n f h e d  chiGfly t o  wre divzlent  
ions.  With the  use of rad io-e le rsn ts  it is expcctd t h r t  the  behavior 
i n  s o i l  of rwst of the tlei.,ents cf the  periodic syste-, c m  b e  detdrwined 
with great  convenicfice. 
sade concepticn of t he  c a g d t u d e  cf t h e  prcblems t o  be attacked. 
s s t i s f ac to ry  inves t iga t ion  of t h e  f i e l d  t r i l l  take na?y yerm even with 
the  best Lf techniques. 
res tarch w i l l  q l y  es tcb l i sh  the f a c t  t h c t  i rSorrzt icn erinad in t h e  
developmnt af the  c t c h c  bclclb Clso w i l l  contribute imeasur rb lg  t o  one 
of the  r.,ost b?.sic endecvors of mm-gmwin& Gf i k n t s  iz soil. 

Thmc a g a i n  our knowledge of the s u r f a x  
Existinc i n f L m t i c n  ccncerning 

It is hopcd t h s t  this br ief  cut l ine  rrill provide 
k 

Nonetheless, it is f e l t  thc t  such i pltn of 

The foreEcing s w m r y  cay servo t o  present t hb  gcncrL1 pz t t c rn  
Ccrtcin espects of work t c  be pursued i n  t h c  c d l e b 3  cf -griculturc. 

of thc: work z e - c f  ccncern t o  t h e  ;iah:ttcn Distr ic t  and shculd be 



i n c o r p c r c t d  in t he  work plrnnec f c r  t he  b io logic-1  p r o p -  during the 
coaiing yem. 'These zspccts  ULA w i t ?  t h t  brh:vicr i l l  s o i l  crri p l tn t s  
cf thcse r%iio- l encn t s  crec&ted i n  tnL prduct icc ,  < n u  cpplicetiG.,s cf 
nuclccr e i l t r u ,  
s t r m g l y  support the cmclus ic r ,  thct the  acc idLnt t l  cr i r , t e n t i u x l  
re lezse  of f i s s i c n  products t o  s o i l  cr i r r i g - t i o n  wcter m y  const i tute  
I grave L c r i c u l t u r d  hczcrd. 
t i m e d  i n  the kr,suin& y e t r  t o  er.'br;ce p rGbh , s  cf t c x i c  liLdts and of 
s o i l  c lbccr i txuL,~t ion f c r  the  m r c  1 . g o r t m  t lm&-lived r m i c e l a e n t s  
invclvec u. nuclczr f i z s ion .  

Studies  cf c p r t l i u n q  n-ture i n  this l&cr:.tcr>- 

It i s  prcpbsed t h c t  thc;se stt d e s  be cm- 

In  ;JditA.cn tc,  t h i s  progrcn, wcrk undtr  I x p i r c t b  zect icn h,s 
been str-rted Ln the  study G f  t h e  e f f e c t  cf f issicr.  rccci ls  cn tissue. 
This i s  of importance f r b n  t h e  hea l th  aspect ard  d s o  f r c n  the  f d a -  
nenta l  point of Vim. The broad purpose of this wcrk is  tc, det,rrAnc 
the  s p c i f i c  b i o l o g i c l l  e f f e c t s  of f i s s i o n  r cco i l s  produced by slcw- 
neutron bar. bcrdrrient cf fissic n&le  rz t - r ich  admidsttred t c  x i r - d s  , 
The wcrk wcs st :bx%tG by prep< r ink  c o l l c i d d  ur'cnous oxide, a d  stLayir,g 
i t s  t o x i c i t y  whtn rdc in is te rcd  i.,trc.vLncusly t c  lcbwEtc/rg rsicu. 
found t h c t  one r i l l i g r a a  i n  suspension r.Ly bc ~ ~ V L A ,  in t ravmously  with- 
out l e t h a l  e f f ec t ,  8s lent cs t k r L  2re no scluble  urcniuil c q o u n d s  
mixed v6th the  UG2. t L o s t  all cf the  ccllcidP.1 suzpensicn is tsken up 
by the l iver mu the  spleen, which w i l l  hold t h e s t  COJL~OU~JS u n t i l  they 
cre chzngcd t o  sc luble  UrzniurJ CoqGunds. 
solublo p2rt cf t h i  c o l l o i d a l  u308 i s  tcken up b;. thG kidneys. 
908 is ,  thcrs fcre ,  cluch ncre t d c  t h m  c c l l c i d d  UG2 (503 of a n i m l s  
d i e  after 0.9 d l i g r s s ) .  
liver aAd sp1Et;fi i s  ~ ~ . u n d  Lnz A l l i g r T - L  per cubic cen t i rx t c r ,  high 
encugh t o  cbserve t h r  effects of f i s s i b n  withcut in te r fe rence  frw c thc r  
bio1ogic:l ef f'ccts cf ther..el w u t r c r s ,  espccial ly  i f  urcniua enriched 
with t h e  isc,tope 235 i s  used. In f cc t ,  cc lcu lc t icns  ad m a s u r e a n t s  
shGu th;t a c e r t a i n  vncunt cf L c ~  ray bcckrcund i s  d s c  tolereted.  
Thus, the  fir& exper i -xnts  w i l l  be cc r r i ed  cut with c paraffin rcderc- 
t o r  mil t h c  60" Cyclotrcn. We i n t a d  t c  cbserve thc. c f f s c t  G f  fisaicri  
r eco i l s  i n  t h e  spleen. 
given adequate ~ C S L ~ C ,  t h i  s p l t c n  w i l l  shr i r ik  t c  l e s s  t h a  hzlf  of its 
size. 
select ivu i r r ad ic t i cn .  
Thirdly, t he  nucleic  ac id  m t c b G l i s d  c f  thL livtr w i l l  be 

the d i s t r i b u t i c n  bf f i s s i o n  prcducts  i I A  the E?nW w i l l  be m:~sured - 
i,c. red io icdhe ,  redic-strontiun, etc. If thL results shcw thzt f i s s i c n  
r ecc i l s  are very e f fac t ive  ir. producing l c c e l  changes cr bic logica l  
effects ,  othsx u r d u n  ccrgowds  w i l l  t e  prepEsed (possibly piith t h t  holp 
of Dr, Calvin's group). 
iw, t o  T. pe I:I pneunoccjccus a t ibcc iy .  Reports i n  thL  l i t o r a t u r c  ina i cc t e  
th?.t it is  p o s s i b L  t o  c t t ech  uren iw t b  tntibcdirs i n  such a wzy t ha t ,  
a f te r  intrcvencus in j ec t i cn ,  t h c  m t i b c d i t s  w i l l  c r y  the u r d u n  with  
then, un i tmg  with t h e  t n t i g m .  
depositin& t h j  uraniur., i n  t h e  t i s s u c ,  
with the  h c p  ,f prSptr;ng, s u i t z b l e  u x r i u w p r L t d n  ccd)incticr;s which 

It w z s  

k l z rgc  f r a c t i m  of t h e  
Co l lo idd  

Using U Q ,  t h e  densi ty  cf urmiun i n  the 

s i ~ ~ l 2 r  s tudies  U ~ I - ~ E .  P32 have shown th:t ,  

I n  docs, t h e  spleen c ~ r i  b t  ,Ldc t c  d$sappecr by this m t h d  cjf 
Sccclulj., h i s t c l o & i c d  secticns w i l l  be p r o p u d  . 

tudieci under 
the  influence of f i s s i c n ,  by r.itsns of tracvr anounts cf $ 3 . Finclly, 

Alrccdy, wGrk k s  been s t twted cn tying urm- 

Thcr- they rccct with t h e  cntigen, 
This nechcnisn w i l l  bs  s t u d i d  

'.>f 
could be depcsitLd i n  r , , ~  given p r t  cf thz  b~ c i d l y  i n  r ig icns  - 
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t 

G f  twars. 
dyes, SGIX of which 12.y ba taker, up s c l u c t i v e l y  by twcrs. 

Tlitrc t r u  p c s s i b i l i t i e s  cf ; . t tzchinc urxiul.. ?.lscJ t o  azc 

F a r a l l a l  with these i n v s s t i g - t i o n s  on u r a n i u r ~ ,  wcrk hzs been 
s t c r t c d  &n bcrci- ‘ nL l i thiul . .  c w b i n a t i c n s  su i tcb l t ;  f c r  studyir.t the  
(n,d) reactiqi. 
u r a i u - ;  we w i l l  stert  u s i r q  c o l l c i i t l  s u s p n s i t n s  df Lnsduble sd t s ,  
and lctcr synLhusizi cth\,r cci.ki1ic.ticrl.s. 
abolisln and pGssibly r t cuc t i cn  i n  size  cf t h t  spleen, whun c t t t i n d  by 
rieans of Chrcr Lc rat-phcsphate, bwcn,  l i t h i m ,  mi urmiu- .  z f t a  
f i s s i o n ,  ctc., ozy ;ive us L g c r t r s t  i r  icn.L.tiGn cn the biolcLicz1 cff e c t  
of s p e c i f i c  icjnization, or be t t e r ,  s p b c i f i c  energy lcss. 
i n d i c e t e s  thct, d p h a  p a r t i c l e s  cre s w c n  t i r - s s  LS e f fec t ive  for the s a x  
energy l c s s  i n  t h e  c e l l  cs gwxa r ays  c r  x-rap. Fissicin r eco i l s  lcnizc 
t h i r t y  t ices  urc, pcwcrfully than e lphz  rcys; t h d r  spec i f ic  effdct  may 
possibly be s ign i f i ccn t ly  higher. If t h e  urcniun f i s sLn  1,crk lc&s t o  
a i g n i f i c m t  results, we ney Ette:.Tt t c  s tuuy the e f f - c t  cf fissiLl! cf 
p l U t G n i u l ; ; ,  and pcssibly thmiua .  The c r s i  cf p lu t -n iu ;  i s  e s p e c i d l y  
in t e re s t ing ,  since this e l a I b n t  i s  s e l e c t i v e l y  tcken up i n  the. p d i c s t -  
eu;. 
a p o s s i b i l i t y  cf dLati;e t c  the pericsteum elcne, w i t h u t  i n f luunch6  any 
of the  surrounding tissws. 
bone ZIKI cn the  dLva1cpr;nt cf bonc ct.riker LEY b6 cf iwportmce. 
wh& study hzrs bearing cn thG hea l th  p r c j b l a s  of p i l e  workers nnd on 
the  mchilnisn cf c c t i m  cf i c n i z i n g  irrzdicticns, cn.l i nd i r ec t ly  on t h e  
cams prcblern. 

The i i n e  cf wcrk’.L; w i l l  be thl; s a e  r s  i n  t h t  CLSG cf 

LecrccsL in nucleic t c i d  net- 

Zirklets dctz  

Since thi: rmgcs L f  f i s s i c n  recc i l s  z r a  v t ry  short, thcrL .~ty be 

T ~ G  s t u d y  cf t h e  e f f ec t s  ~ r r  t hc  p m t h  cf 
This 

We f o c l  that  the c x p r i m n t t l  p r b g r a i  nch in prot rcss  arid outlined 
for t h e  C G i i i q ;  yeEr CcrrieS G u t  an iiJpOrtCnt d u l i t y  of intdrcst .  
t h e  p c h t  cf v i m  Gf fundmtntL1 rosccrch, it i s  cf ccnsiudroble impcrt- 
ance t c  q l o r r :  thL bchzvkr  cf dcmfits iu ed.rAs :nu r . a  t h z t  hwe- 
to fo re  k v t  been cxpbsed t o  l i t t l e  cr nc invcsstiEctiGn. 
the  inftrr&ion of i n t v r c s t  f o r  i ts  mn f x t u  1 wcrth but  a l recly it h a  
been shown tk.t deta i led  investigcticrn of thd  k h ; v i c r  cf t h e  1m.g- 

. l i v e d  f i s s i c n  products -nd plutcniwa i n  thc skcletcn hrvc brought out 
sorue siLnificcmt points cf intLr,st  rcl: t in( ;  t c  tb.U cvorc11 field cf 
bone wtZbolimi* 
crbase our kncJkledtc of this L s t  iwpcr tmt  Fhysio1ogic:l f i z ld .  
Loreovr.r, it its qu i t c  apparent t h c t  8 numbur of the Its:, cbunbaat 
f i e s i c n  p r d u c t s  cr-$rLce e l c u n t s  cf  considGrLbld nediczl md toxicc- 
logic:.l intmst c n t h e l y  npert  f roL t h d i r  cmcerri i n  th,: f i e l d  cf 
a t c d c  energy,, 
ccursL, t h t t  EL l i x ~ c  shc?rc ”f this wcrk i s  cf h c . d i c t e  :nd pxzct ical  
concGm tc, tht: a n y  probluis arising i n  the  f i c l d  cf heal th  prttccticin 
incident  t u  the dcvelqcimt of n u c k c r  energy. I n  pmt icu lzr ,  t h t  t r a c i r  
s tud ies  with f iss iunable  r ~ t s r i e l s  a d  the  fur thcr  study Lf thcrapcut ic  
mthods f o r  t he  t rea tnant  cf ind iv iduc ls  whc ~y i n  the future beccL,e 
DGiSOnCc! w i t h  e i the r  cf these s u b s t a c e s  o r  the 1cnF-lived f i ss ion’  

 fro^; 

Not orly i s  

It is ccr te in  thLt f u r t h e r  hv2s t ik : t icn  w i l l  in- 

On t h e  o t h a  s ide  cf t h e  ;) icture,  it is  c p p u a t ,  of 

products is ~f ccnsiddrcble hpcrtc-nci  i n  our t s t i ,  Rn* 
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A. The basurencnt  cf Frst Neutrons fcr  Biclcgical Dosage, by 

G. Fail lz .  

B. Efficts of S m l l  D z i l y  Drjsas cf Fcst Neutrons I;n hick,  by 
T. C. Evans. 
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by G. Fail la  

The purpose c f  this experiment is t o  mwure t h e  t i s sue  dose 
delivered by a bem Gf f m t  neutrcns i n  t e r m  L f  th2 ionizing energy lib 
crated in the  tissue. 

r e su l t a  cf biclcgicc.1 experk.6:its copducted i n  d i f fe ren t  brvlchLs cf t h e  

This infcrm.t ion is ncGded i n  order t c  detexxLne 
, t h e  t rue  b io logica l  effect iveness  cf f?st neutrons m d  t u  evaluate t h e  
I 

I 
4 tznhat tan Pro;)ect . 

-0 &thcd . The extrzpclLtion ion izz t ion  chacber olethod, previously 
devised, has t:c;n fu r the r  devt l cp4  BS reprds t c t h  thc cGnstnttion of t he  
iclnization chmbGr and t h e  detect ing h s t r u a e n t .  The electrodes of the 
icniZatiGn chamber i r t  w d e  cf met-rial s+r;iilar t c ,  aniut1 t i s sue  i n  it6 
atomic const i tuants .  TWO independent a e t e r n i n c t i m s  will be ~ z i i e :  (I) ;lit]- 
air as the  iclnizcd r.lcdi\u., (2) 
const i tuents  2s t h e  electrci ics  of ihc chmh-r. The f i n a l  r e su l t  should be 
thc s m e  i n  bcth ceses and therefore this provides c check cf t he  accuxcy 

The work up t G  t h e  prescnt h t s  invclved tho  
construction trxd t e s t i n g  of 2pps.ratus cnZ the rzking cf a great amy mm- 
urenents under d i f f e ren t  conctiticns. 
cor= and the aKporicent21 prccedurc is now quite srtisfectory. Wcrk is 
still in progress End It is prufsrzblt: nct  t o  Eivc thc  r e su l t s  obtained 
thus fm, sinct! they mi subject  t c  ; lodificaticn,  

.!ith e &is rdxture hcving the  s a c  atomic 

Cf the mthode 

Want cf hc,-,ress_. 

Numbrvus d i f f i c u l t i e s  have been over- 

c 
I n  mler tc d e t e r r u e  the biolG.gical affcctivcness cf fist 

neutrons i n  thc: case of b io log ice l  a x p c r b n t s  c w r i e d  cut  i n  GthLr parts 
of t h e  Projoct, sic,ilzr ~ ; l i r m r ~ c ~ e n t s  w i l l  hrv; t c  be azcle with the neutron 
beam used and under the p h y s i c d  cc..diticns Lbtcirung a t  the t h  the 
a n i ~ ; z l s  wcre irrzdiated. 

It is1 expccted t h c t  f i n a l  results dll bz. cbtclinsd by July 1, 
1946, i n  the  cc.se c $ . t h ~  fiocsuremnts in which c b  i s  used as thc i d a i d  
g=. 

_Effects of Smcl: Daily Dose8 cf Fest Ncutmns on Lice 

by T. C. iicns 

FGr t h e  purpose of  deternining the r a t i o  of biological  e f f ec t s  
of fiult iple m a l l  doses cf 200 KV x - r q s  rrd neutrons, it ues necessmy 
t o  cwry out a series cf p a c t  exper imnts  with e singlo trcatr.ent. The 
prcentagc of simivcl,  t h e  m d i z n  l c t h c l  ti& End h e u t c l o g i c a l  effects 
wore used as indices of corjpzriscr,. The oxper iua ts .  indicated t h z t  t h e  
dGszgt of 8 r CiZVc E L o s t  idGnticzl  f indings zx thc.36 l n t h  a dosage of 1 N. 

a 

A second cc..pr"SisGn p i l o t  expcririent using mlt ip le  dose6c.s of 
80 r a d  10 N per dcy f o r  25 days sh~wad si~&lrs e f fcc t s  on the nedian 



I n  t h e  sc lcc t ic f i  cf u A l g  dLsGs cf ncutrcns which wdr'c t c  bc used 
i n  the &lily ~p;,rii:.(;ritS covi;rin:- c p i r i , L  Lf cnc ad c? h d f  yozrs, t h e  
fcllcjwin,g chcieks were i x i e :  1.1, O.U, 0.07, 2nd 0,014 ii cquiva lmt  tc; ,  
respect ively,  11, 1.1, 0.55, XL cI.11 r, rcccr,inE t c  thc  cbcvb m n t i c n i d  
r 2 t i c r  
t L e s  wtckly. The :nL.:ls us id  w,ri Swiss cr,J CF1 rdcc;. 
a d  twenty-fiv, fel.;.lcs of cLch  type wcrG uscd :.t e3ch -f thc  rtclve C;cs8(;(3 
l cvc ls .  &ch. s t r s i n  t.nd e::.ch sex c;f ~ n i . u - 1 ~  h ~ d  L su i t zb le  cLAtrC1 cf 
twenty-f ivc .  Fivc h u m r d  ~ A c c  wbre use.- i n  t h i s  txpLririmt. 

T h a u  dos>!,cs \ .crc eivon (usin[ t h e  cyclctrcn es a s c : r r c ~ )  f ivo  
Twenty-five n;.les 

I n  the  next d o t q c  luvel, 0,U N, t he  m:ii l e t h d l  tLm wcs 86;3 
of t h e  c c n t r d  til.ie. Thc bf fdc ts  cn t he  bled ncrc nc t  as d e f i n i t e  as 
observod ct the hither dc8We l eve l ,  a slicht reducticn i n  lcucocytes 
k i n g  &served ts conpcrei wi th  t h e  cL..ircls. 
t i l i t y  w c s  nc-te, i n  the tales and 6 l ight  but  de f in i t e  reduction i n  the  
frequency cjf thu es t rous  cycle  i n  the fecalc. 
i n  t h e  incidence L f  c c t a rnc t  xhcn t h e  nwbcr  cf survivors hed b c m  re- 
Juccd t c  a fcw m b l s .  

k l i g h t  reducticn i n  fer- 

Thrre w x i  & sU&t increcso 

In  t h t  two low dosf&c lCvt l s  (0.07 2nd 0.014 N) nc nc t icsable  
e f f e c t s  hzve been cjbsdrvod as rotjads t h e  surv ivc l  t L e ,  woi& loss ,  
b l e d  a u n t s ,  patholcky, ChmGts in G t S t r u S ,  G r  brsddinc. 
lat ter s tudios  (Cestrus and b roedng)  c a l u  be dcne thc: aniials hcd cgod 
cclnsiderEbly but  a cLi-ptriscn cf t h c  c u k r c l  tnd experiLlent:l  ups gave 

By thc  tLs the 

. very si,-ALzr cbservt t icns .  

In .  a l l  Lrcups cf cld;r a L d s  v3l ' i~us fcrm cf neop1asr.z hmc  
The ccx..parttivc: frequeccy i n  c m t r r l  and experLente l  & r a p 8  develcpod, 

has nct yet  beGn de te r t ined  cor;pletoly. 

Pc.tholc&el stucly cf the  tissues frocl ~&.cls  dying i n  t h t  ex- 
perinents described abcva @vcs the  fc l lcwint  infsrmti-n.  Xith a d a ~  
siwle dcse cf n c u t n n s ,  th2ro i s  2n c?&?s~c cf bcnc i-zrrm, xrkecl  re- 
duction i n  l.y~.ghcid t i s s u e ,  de irnerative chu.Lts l e a d n g  tl cp la s i a  cf t he  
t e s t i s  (~cr,..inal elcmnts cn ly  F , dcs t ruc t icn  cf i n t e s t i n a l  m c c s ~ ,  md 
gencral  atrc,phic chm[;s. 
were ncre GI* l e s s  shZrply 1CCdiZed t c  the  blcod f G r i n t  orjians a d  jcn2ds. 
V i t h  tk l e i +  n/dzy dcse t h e  u s t  rz-rkcd e f f ec t  uzs thL deVelGpnent cf 
t e s t i c u l z r  ::trcphy. 
ntted,  
chznges ccl,;potiblc: with e&r ly  a d n E  were n6tC.l. 

s 

I n  t he  80 r/c;t-y - 10 N/doy experLent ,  t h e  e f f e c t  

, 

Sc.:c s l i h t  depression cf bcne rx.rrclw c c t i v i t y  was 
Splcnic ctrcphy vas prr-ductcl i . i t h  2.n increcs i  i n  f i b r c s i s .  Eany 

--/r3 A 



The hiLhcst ~ G S C G , ~ :  l e v e l  (1.4 N) wes repGatcd fLr the  spec i f i c  
purpose of' f c l l c w h g  the  e f f e c t  Gn e s t r u s  change, sprm p r d u c t i c n  i ~ a  
ca ta rac t  f crr::a.ticn. Swiss a i a l s  wer2 used. I n  t w G  Jxperirxnt  s cz tc rac t s  
cppenred in minzla surviving a f t s r  80% cf the LriginLl expcrinental  group 
hed died.  I n  the r . A a  group s t G r i l i t y  was prcduced a b a t  t he  f i f t h  week Gf 
expcsure. I n  the ferd.es t h e  cistrcus wcs crnpl&ely ihh ib i t ed  e f t c r  ab tu t  
12 weeks irf expcsure. 

k gruup of  f e d e  animls cf hybrid s t r a i n  with blzck coc".ts and 
pigmented eyes were a lsc  studied nt  t h e  high I C V ~  (1.4 N). 
were fcrned in1 ap$roxir.atdy t h e  sme f a s h i m  and degree 2s &served i n  
t he  albino pure a t r 2 L s .  An i n t e r e s t h , <  e d d i t i c n d  cbservction is  t h c t  
the h d r  turned grzy 2 f t e r  Lbout 6 wceks cf exposure and l a t e r  b e c c e  pure 
white i n  those. vlirnals mrv iv ink  tho ~ e c l i u  l z t h a l  t i ne ,  

Cataracts 

Attempts were raik t c  ccrrektt :  the t s s t i c u l z r  weight with aXpcrW 
l e v e l  am danzgc. I n  thcse  nninels r e c o i v L . ~  1.4 N a d e f i n i t e  reduction 
was ncted; n t  0.14 N c h w L  was doubtful;  ani c 0.07 a d  O.Ol.4 N no c h a p  
was ncted. Splcnic weight showed clefinite reAicticjn i n  t h e  h i a o s t  dcse 
leve l .  
and ccnt ro l  ~ I * G U ~ S .  

Occcsicnel enlarged spleens tiere noted i n  tho 0.07 and 0.014 N 

An eidciitiond. expe r imnt  w3s c~rxded  out using U r *nd  1.4 n 
per  dcy t o  det,erririe ; ;hetha x- rc i iz t ion  A s c  prvctuced cataracts. 
tfrie whec  1.4 N shcwoci weight reciucticn mu ucr t a l i t y  increase,  the 11 r 
of x-radintiori a n h x l s  boned no chi-we. 
expc rben t  t h e  e f f e c t  of t h e  1.k N wcs shown tc  be de f in i t e ly  mre severe 
than t h e  11 4; ad t h e  zpprcxir..ate bioloCjcal  e f fec t  r a t i o  wet) t e n t a t i v e l y  
placed 25 12 1' = 1 . N .  
saue extent .  

iLt t h e  

'Mth tht. ccntinustiGn of the 

C t t e r a c t s  werzi prcduced b: x-rays but  nc t  t c  t h e  

Scveral cther  pheses cf this work w i l l  bc rGpOrted later. 

I 

I 

--/J-ii - 
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S i t e  Glsctcd - University cf vJcshinCtLr. D,p:rt;knt cf Fisherics  RLssF-rch 
ui&r d i roc t i cn  L f  Dr. Lcur i ;~ DLrxlLsLr, .  

PUTPCSL - Hnzc.rds t c  f i s h c s  by bcth extLrn2l r x i i c t i c n  -r,d r t d i z t i m  frcc; 
fissicn prcducts d c p b s i t d  withir, the:.. 

H~izti:cls rd?-tc, t o  chcr:iccl dspcrs im i n  r i v c r  wcter f r a  
eff luent  c;f p i l e  ct H.E.;r. 

Hazards due tc twpercturt? e lcv t t icn .  

The rajcr in tu rea t  i n  t h i s  study is the  &tei.iitec! prcjtecticn cf 
t h e  saL.Ln runs in t h e  Cc luh ic  Rivcr, and c c r r s c t i ~ n  cf m y  pro- 
cossinL urthccl which Licht be de1ct;rims t c  tho s r f c t y  x d  fu ture  
of these imns. 

It i n  elsc necessary t o  rermve the  Lwarmen t  fror:, uny c1air.1 as 
t o  t h e  inJury t c  the lwge  cnJ lucrc t ive  s z L c n  U s t r y  in the Col- 
d i e  Rivt!r. 

Gctea cf Xr4 - Aumst 15, 1943 t o  present. 

Protocol cf t h e  Brw r b n t S  Ccnchcted (as cf presont date), 
I 

&ternal Eladicticn (by contrcllcci b r q  cbsqe) 

1, Chincck S c b n  r d u l t s  t r ea t ed  wi th  25, 50, 100r.; d e  

Hatching of ebcve eggs. (1) t c  y c u n ~  md obsorvcticln for  effect. 

fo rx le ;  spwned a d  m y  effect i n  s i ze ,  gb&h,  c tc ,  

'h 100 r f r y  relcrsell t c  re turn  f r c n  the  be2 i n  1946, 
2, 

1947 J 1948. 

3. Scckeyo Szlncn adu l t s  treatad with 25, 50, 100 r;  ale and 

k b t c h h g  G f  obcvc; (3, and 25, 50 r fry relecped t c  re turn  

f e s l e ;  spwnod pc8s ibk  e f f e c t s  cbserved. 

4. 
1946, 1947, 1948. 

5, Steelhea! Trcut Adults tre?.ted wi th  250, 500, lo00 r. Ob- 
scrvction ca t o  e f f e c t s  on growbh, k c r t a l i t y  2nd bist- 
c logical c h a p .  

a t i c n  uf fry. 
6. Chincck eycd a g ~ s  25, 50, 100 r, Hatching r c t c  ind observ- 



8.  Si lv ,r  S & m  cdults 25, 50, 100, 2j0, 5 0 0 ,  1000 r. e f f e c t s  
cn sk in  a d  &ern& crgcna. 

9. Rzinbow Tmut adult m l e ,  fencle, 5 0 0 ,  1O00, 2500 r. Death 
G f  fish, e f fec t  on sptminl ;  L hztchinz cf eggs. 

10. C:hinciok Fingerlinks male and f cmle  100, 250, 500, 750, 1O00, 
12F, 2500, 5000 r. Gbscrvc.ticn cf z o r t a l i t y  cnd section- 
iw of tissues f o r  h i s t c l c g i c d  e f fec t .  

11. Elainbcw T r c u t  yer r l ings  d e  and f x c l e ;  25, 100, 500, 1000, 
2500 r. 
spr ing of 1945. 

Observatims (E the  above t o  sexual r a t u r i t y  i n  

12. 

13, 

Chinook adults Kale a d  fwxle 25, 50, 100 r t o  spawning. 

Hatching of e&@ (12) t o  f r y  stLee 2nd obsd-vation fo r  effect. 
Reltcse 50 r. a d  ccn t r c l s  t b  rc tur l  i n  194s. 

14. 

15. Ekgs frcn above (14) HttchinE end gcuq obaerved. b k s e  

Steelheed male and f e r d e  25, 50, 100 r. Treated and spauned. 

100 r and cont ro ls  tc r e tu rn  in 1947, 1948. 

16. Cildf ish mla and f e m l e  t r ez t ed  with 25, 50, 100, 250, 500, 
Obsarwt ima  a8 t o  effect 6n 750, 1O00, 1250 and 2500 r. 

m r t a l i t y ,  h i s to log icc l  changes and brcwth. 

Cherdcd r.nd Ttrgerature chr_ni~cs 

series c f  s p e c i d  p n d s  wes constructed at the AE.' . and 80 arranged 
th2-t t h e  w c t x  supply bc connected with the  e f f l u m t  clf t hc  pl-t i n  a 
vzriety cf wcys sc thc-t the e f f e c t  cf vc rlcus concentrcticns of plant  ef- 
f luent  at v~.Fious tanprztures could be t e s t d  on s e h o n  mi t rou t  adul ts ,  
f i n g e r l a s  ancZ eggs. 

Ccncontrations adopted using r i v e r  watcr cs ccntrole  were effluent 
pure cmt2Id.q: all the  s c l t s  and being cooled before t h e  tznk; a f f h n t  
.refrigerated,  md ef f luent  &ed with r ive r  ncter i n  the lollorring con- 

Steelhead trcut, rrd chhGdc s a h n  were tested in t he  a a m  tanks divided 
by p w U t i b n s .  Tho f e r t i l h e d  a h c n  o ~ t s  were plnced i n  Identical con- 
c e n t r a t i m s  l&Lr i n  thc expctrioclnt. 

cmtr&ium: - 1 t c  3; 1 t o  10; 1 t o  50; 1 t u  250; 1 t o  500 end 1 t o  1ooo. 

Verious tcists cf epecicl .:aterids used by t h e  p l tn t  (oils end the  
l i k e )  were t l s o  tested i n  the no rml lp  used d i l u t i m s  i n  such tcnks and 
t h e  e f fec t  kn t h e  f i shes  mci e L p  cbserved. 

Absorbed W o r x t i v i t y  

water cmtaix6nE bcth lu r i s  ?.nd shcrt l ived  f i s s i c n  products. 
strmdzrd exposurt; these uere k i l l cd ,  a s h d  and exmined f m  residual radio- 

Adult f i sh ,  eggs and f r y  were exposed t o  concentrations of cfflumt 
Fdlcwi- a 

I _  
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a c t i v i t y  which ronained. 
frcn t h e  Colur.&ia hiver  end exz.mn,d i n  : s i d l n r  fcshicn. 
de t tn -dnc  cs t o  whether encu,h c a p t r  b l e  r - .di%ctivi ty  hc.d bcen nbsorbed 
t c  c a s e  daic~e. 

In  naditicn fish of vrricus spec i t s  were co l lec ted  
This 112s t c  

Cur rent  Ob s 8 rv::ti cns 

kdi2 t i . cn  =- A d u l t  Fish - no observablc chew€ i n  m y  species mde c f t x  
exposures t c  25, 50, 100 r. Defirlite incrense in rncrtali ty i n  trcut 
exposed t o  1000 r c r  more. Chcnces a t  500 r s h m  very l i t t l e  d i s t i n c t  
evidence cf dcrjwge i n  growth, weight chimees. S~ne c y t c l o z i c d  chances 
of t r m s i c n t  m t u r c  observed i n  the Lut a d  antGricr kidney (base of 
the heK2tcpoetdc system. I n  snall gcldfish the chenges occur at zbout 
t he  sane level (loo0 r) with t c t d  rncrtali ty E t  2500 r. 

Eggs. I n  t h e  eyed stcge ( i n  which t h e  eye pigmntot icn  
first begins t u  shcw t h s r e  i s  E definite ret;ru-ticn i n  grcwth at 
lo00 r although histo1ceic:l chml;e i s  f i r s t  q p r e n t  a t  allaver 
l e v e l  250 r. As i n  t h e  above t h e  uost s ens i t i ve  t i s s u e s  ere t h e  gut 
and an t+r io r  kidney. 
lo00 r l e v e l  aei observed Gver c period cf tine a d  et a level i n  excosa 
of t h i s  but less probzbly thzn  thv  cbserved 2500 r. c 100 percent 
mor t a l i t y  is rewhod. 

i 50 percent mrtclity f igure  cccurs arwnd t h e  

. I n  fingerlings e. re tc rda t ion  i n  grcwth occurs a t  500 r with 

A t  U50 r M 
hfstG1cgicc.l chlanjes eppezring a t  this love1 i n  the  splean and aterior 
lddncy which I m  this fon :  we a i t e s  cf blrjod fcniation, 
a p p r a i u a t e  25 percent r c r t e l i t y  is recchod fcr t h e  several species. 
SOLS point i q  excess L f  2500 r. B 100 pcrcunt ccrtalitg -curs. 
una te ly  nc 1evc.l G f  

At 
Uniort- 

in te rmci ie te  S ~ E , B  b e t m a  25OO a d  5000 wacl used. 

In the r ad ia t ion  cf pment  f i s h  uncier 500 r, no chcfi-es k v e  been 
observed of d p i f i c m t  ncttxm .-s t o  size cif k t c h ,  f e r t i l i t y ,  a5ncirrraUtp 
cf dovelopin; e l t ~ s  end the l i hc .  
t h e  lo00 r. l eve l  ES noted cbcvr;. 

S i s i f i c a n t  chzwcs do nct  qpew up t o  

S t a t i s t i c a l  a d p i s  cf e l l  ccta ccncornbc  the 8bove problem 

Data will appear thro&out 1948 on the  r e s u l t s  of t he  fish that 

is i n  prGLpcas, but  no reports have been s u M t t e d  fcr mrvey. 

have gone out t c  sc8 End returned to aparm. 

Bcth fish69 and e a 6  expcscrl tt, t he  effluerh unrefri&erztud, 
re f r igerz ted  end i n  2 1 t c  3 cancentret icn ah- incr9:sca i n  m r t e l i t y  cf 
sicnifi c mt  degr ce . 

C w t Z i n  cf t he  c h d c d L s  als, increase Lwtditg due t c  ac tua l  
cher;;icP.linjury t o  gill s t ruc tu ras  md pcssible  resp i re t ion  cf t h e  egg. 

Increase in teaperzture dces mt influence the sevcri ty  of t h e  
deueloprsnt tut only i n  t h e  rap id i ty  cf onset. 

I ‘ j  v 
1 
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hbscrbod R 4 , c a c t i v i t y  

tdtw l i v i n ,  i n  offluont ( p i l o )  w-ter f c r  c.s L n g  as t . + c  LLnths 
undor c t n t r o l l o d  ccndi t icns ,  the :.k swbed mi; d e w s i t e d  r cd io t c t  ivitg 
wzs ucsurcd. 
r a j o r  p c r t i m  c-f t h c  depcsitj.cn w.s i n  the forr.. cf t he  shc r t  l ived  prcducts. 
Only t r s c c s  L f  lcw l ived  r c d i c c t i v t  r..cterizls wcre f6ur.d. ns cmrc lz t ed  
with t h e  e f f e c t  cjn t h c  Gffcct cf  acternel r?.&,tim, t h c  dcsatt rLcbived 
wcs :lust ncL.Litible co. ..pcrL t c  thzt r t q U i r Z ; . L :  t o  prcduce d?.,.n,- ts such. 

I n  nL inst.nca wcs i t  t r t c t  tncugh t o  ccuse d a . ~ : ~ .  The 

ApplicLtion cf Resul ts  

KnLw.LeLLe c f  thc  tc tc l  &.cunt df ex terna l  radiatim necesscry t c  

Thc u m u p t i o n  t h r t  this cmccnt re t ion  10-10 8s di lu ted  is  tcitally 

cause dw:.a&;t t c  f i s h e s  cf  v:.rluus sizes and aces is appl ied d i r e c t l y  t c  the  
znalysis  o f  t c t r l  rcd ioac t iv i ty  l ibere ted  by the p i l e s  i n t c  the CclurJbic 
Mvcr .  
abscrbcd and all is t r a t c d .  k t h e r  appl icc t icn  cf t h e  Clintcn Iaboretory 
studies cn the rrbsbrption c;f tho various prccucts cnd t h e i r  e f foc ts  cf'ter 
kncwn exposures is a lso  included. 
kept below the  heoard l e v e l  f o r  s c k a n .  
t o  t h e  chcrAccl an_: terpcraturc hazsrds cs well. 

I n  this f=shi.cn c c n c c n t r c t i a s  can bc 
&SO t h i s  i s  t r u e  with respect 

The prcgrwA thrcugh 
sists -f (1) fo l lcw up of the  

t h e  next ye- i s  aready a t h o r i s e d  end ccn- 
present exporkLents axtunding thrcugh 1948. 

(2) Ccntinusticn Lf t h e  exposures t c  chcl;iccl tLterials cad a l r c  
cb8ervCUGnS cf pcssibls effr;ct h tk CGlunbia River. 

(3) C c q l e t i b n  of t he  h i s t c l o s i c d .  e t u d e s  & e d y  i n  progress GII 

(4) BIc prcgrcxi which is nct  c c q l e t o l y  relateci t o  district oper- 

f i s h e s  dmaged, by thc v d e t y  clf X-ray dcSa&es. 

atiGn is necessary. 

Reameration: No addi t icna l  funds necessary t c  c c q l e t e  present study. 
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