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- Coumnt or, WoLio1ol ; icd  Techniques 

It is obviouslj Lpossi'cie t o  i b s t r t c t  suLjects 01 thie tyjm 

becwse bclusion cf spcific Getail is necessary. 

hclt&.cn of the index m s  i'eit t o  be rwnr.ted irsxzuch as it 

Harrevur tire 

c3,earQt ini icetas  the s c o p  cf the :;;or2 on this t;;e of p b i e n .  
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Since Wie nlants s tarted aperatian hof'ore siiffictent data oauld 
be accuarlated t o  establish o ~wdnxr t  allaabla air conaontratfon of the 
dust8 of the uranl*rz oamumds in t% nla.lts, srtoh a safe love1 had fx be 
sot arbitrarily as n tmnorary mpirical standard. 
axoo?ly the nediaal atittioritieo of' tho ''anhattan rmject :.no tlat ie m s  safo 
t o  adorrt the same standard as n e t  for lead by the AZY~Z=~~XLTI S t a n d ~ r d o  :isooc- 
iation, i.e., 150 nioro,n;ms Der cubio motor of nlant  air as tho naxinwi 
al'lovable dust concent rntion. 

The eonse**sus of  minion 

In order to detxmiine as =?idly os possiSle tho owornll a a i ~ m -  
tivo toxio i ty  of tho mrrious uranitm cceipoundo, thirty clay inllalation and 
ingostion €~~%riW&8 T ~ F O  initiated i:: which c mrioty of a,r&xtl -des  
~ m r e  omoaod to these caiwunds under conditions ~diioli s h u h t o d  as notarlg 
as -0ssi31e the conditions nrewlont  in the industrial -lanto. In addition 

D e  Leat, "eurica, Tny;. Chm., 7 -  . 3 ,  p::. 247, 19%. 
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4. TeetRods for loco-nition rrrd aoztml of poi-,. 
-- 

for t h  followirg oritoria of noiacmingt 

1. 
2. 
3, 
4, 
5, 

t02h085 



.- 

Contml animls a m  M e d  in a &-.ilar a lmber  in r%lich all mrrid~loo a m  
aontrellod tut no uranium duets a m  oAr!od. 

mmts. 
sneeies 
anir-als 
tor,, 

f 

Table I11 rspmsents 8 stmnaly in nhich tlle hi?!,, nfd ond lorn eon- 
wntratiana or' uranium mmounds used in t b  ohmbers a m  aomared in their 
effocts u n a  four animal species (docs, mbbits, rate a,d !doe), w i t h  rrrbtion 
to abnoma1 aha31938 found in the lungs and kidneys at autopy, alxlorarl find- 
in-s in the blood and urine chemistry, a b n a d i t i e a  in the hematsanoieticr sys- 
tsn and effoat upon might. 

*It nil1 be notod tlmk them is n sli@t :Aortality an- the animrrl spedea in, 
the lorn cancentrations but: if mferonce is =de to Table f, it viII be noted 
that thorn vas  Q sl ight  n o r t a l i t y  omn m:onl: t!:e control onifllclls. 

1 0 2 4 0 8 b  



2, At 0.5 ppm for thirty days no affec.1; :ms observed. 

7xnosrtra to C&Cl (P539): 

1, 7.0 nortali ty at  100 p p  for fourtem hours, 

2, V e r y  lm mortality at 500 ppi for fourtsen hours exaevt 
in &nea nics. 

'kpomre t o  C2144 (hichly nolper izod  flurocarbon) : T:o :iortality 
at SO00 np?? for fuar htnare. 



5. An eleven hour oxprb.ant st 135 ppn sharrrrd zu, tmrtalftp. 

nuom~rbonst 

C7F C d e  &mmd lm mortality at 3Ot#pps at fourteem hours; 
refined showed no mrtality at 

foreshut d r m d  m rYrrtalitg at 100 q t x  ace fourtoon hours; 
- 

4600 PB f'or five hours. 
p p  for fourteen hours and 

c3Fls crude dmved low nor4ality at 8 - 100 9~ for fourteen hours; 
Foreshot shaved lorn mrtality at 100-130 qpn fir fourteen hours; 
First fraotion shoved no mortality at 272 n p ~  and lon mrtality 

Seaand fraatian shcnmd xm mortality at 1000 gm for  f00rt;een 
at 373 vpn f'or fourteen hours; 

hours 

If, Inpmtion T m e r i m o s t s r  

uranium emounda, it r.ns k~psmtim to carry out rnLInl omrPterrta1 wr!: to 
detenino the o m 1  sensitivity of n n i ~ a l s  to u m i u n  ccmvounds in ordor tor 

Since the people in *le nlants  m x l d  inur?vartently ingest the 

1, Chock the s e n s i t i v i t y  02 ea& ccmnound aa debmined by in- 
halatiant 

2, E)eter.zine *!:e pro3able role of %q,estfon in h e  illfalation 
q o  riinent s ; 

6024088 
4 



At the camletion of t!ae iqoetion and inhalatiam experinants turd the 
aocmlated data on the tmical and eye applicatiau oxprinents, it m a  90s- 
sible t o  ewaluata the deer= of -k;x3city of tzZe varfous ortin%un cw-pounds. 
infomation is suEaoarieed in Table X, 

T b f S  
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thoso fields: 

&mal extracts delayed but d id  not dearease the nortalify from 
lethal doses of uranium nitrate. 

Adrenal cortical ho-xines a l a  -used a delay in the mrtalitg 
but no redmtion in it. 

O r a l  sodim bicarbonate and sodim citrate m d u d  the nortality 
by ar, antrreoiablo wraentam in ni t ra te  voisoning, 

- 7 -  



%stricted f l u i d s  raised the zortdity in uranim -aim. 

The ' : f f 6 C t  of 7mim "oisonin: an :'!ioEmhQms Tummr: 
no eddenw, as shm by radiophosphorus studieo, o f  an onaymtia bloalr in 
nhosphorylation cauabd *by the arlniniatlaeion of uranitm. A sli@ttly lomar 
rSte of equilibration in bone i s  noted, 

'ilsro is 

- Tolerance can be divided and &xidied in t!m elaasifloaMoa8 of 
natural and aaquimd tolerRnUT3. 

nabbit 1 
Z a t S  8 
guinea nig 36 
&it0 ?lice 128 

rabbit O,f 
dogs 0.2 
rats 1.0 
Ilarlsters 5.0 



0 3  
1 e o  
2.0 

20 .O 
20.0 p1US 

u. "ales are m o r e  tolorant tlm fernlea* 

' a  



bo nlood o~n~~entratfans dropped t o  less tIm 0.1 . w / l O O  00 in 
four hours. 

1 0 2 4 0 9 3  



F, I:eectumisn of. Deposition in Corm. 

a. In vitro . the bone ahorbe the  uzanim fm: ?la= ult- 
T!iis nmorml i o  very ranid, reaaIling ard from a m h a t e  buffer, 

& a b  in t;nerrty-four hours. 
+hnn 1W to one, 

Conaentmtton Fatioe of bono ta buffor 



I3load pataseiun and Carbon Iliaxide: 'b elwn(:ea \'foro observed in 
the 3lood potaesim and blood protein levels i ' o l l o ~ ~ r i ~  oxvowrra 4% told0 can- 
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j. 
1) the ma11 dose s1:orm no cf'act on substames &I& filter t31-h the rlmr- 
u l i  (crvatinine, xyhse, inglin); 
mstbaorbed i n  ths distal half  of the y-oximl conmlutod tubule ( c l ~ l o ~ d 6 s ,  
amino aaid.nitropn)j 3) Tlioro yay be an incmase in substances nartiall:; re&-= 
sorbed in t!ie nroximal comolutod tubule (tluooee, urea); and docmaso clamance 
of seczwted substar?ces (nlmnol red, d+odrast, hinpuran); 4) hrpr  doses d u c e  
a?Tarent filkrntion in  pkmerull by the blockado of tubules and diffbsion of 
=tor soluble .nterial aoross denuded tubular m l l  and thus reduciny, n l l  clear- 
ances3 5) In catalase exemtion in the rabbit, this substanoe is aornally not 
rfiltemd-or eeowted by the  k f h y .  The m o u n t  of catalase at ana and a half to 
b o  hours after axpornre i s  a linenr f'unotion of  t lm sriotmt of hexnlmlent 
U r a D i M  eiveg. 
tetra.rrelel?t in um&y the appearance of catalase i n  the uzim. 

The e f fec t  of tb unmyl ion on renal i h o t i o n  is aLo f o l l m :  

2) There is an inomam claarance of oubstanco~ 

The hexamlont tan is at l o s s t  ?our tines as ef2eotive as the 

1x1. Cemrsl Conolusicma: 

In conclusion, t b  purposos 02 this orrtlre x-esaaroh ?wrrm vas four- 
folds 

1. To supply infomartion rJMicrh would bo helpilal in em asta%1idi@ 
ment of a maxi??: faotor 02 safcrbj far the  eqloyoes eqoaed t o  tho ureniun o m -  
nauada. 

2, To fbn-ish data e i ich m l d  establiati early indloes of unm- 
i U 3  toxicity, 

3. 'ilo find helpfbl pmphylnctic and therepeutio ~neasum8 t o  oom- 
bst possible aoute and ahronic efzeots of t!sse substancesr 

4. To f'umish ewiclezice t o  the :'kZmtt;an Engtnearlng Distf lc t  
which would be helnful in the ovent of 1at.t suits b y  enplogoes for injurfos bo 
health attributable ta thew coaounds. 

1 0 2 4 0 9 1  
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10.0 
2.4 
1.57 
0.64 
0.20 
11 .O 
2.0 
1.1 
0.26 
0 e n  

19 
9 
2 
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14.2 
It 
22 

2.0 
2.4 

9 
3.6 
3 

78’ 

73 
14.5 

14 
18 
19 
1s 

3s 

16 
11.5 

2 
2 
7 



b s 

cI.kL0 
0.05 

up6 

Gbl& u.20 

UX3 1.3 
0.05 

Durcition 
*lzExiGJ 

6 
1, 
7 
5 
G 

6 
6 

5 
3 
6 
6 

B 

i )  

Results - 
Slim renal damage 
LO t o x i c  efrect 
LO t o x i c  effects 
:.o toxic effects 
Sliti it  renal ui;rxic;e 

w i t : .  SUbaet-Umit 
reccwry 

No toxic el-fects 
lo toxic effects 
31iiht renal w e  
KO t o x i c  effects 
KO t ca fc  a m t s  
ir0 t d C  ef'f8CtS 

23 
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0.1 dry 
0.75 lonorin "94 

n 11 

II n 

n 11 

If n 
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UClb 6 

6 
6 -  

P 6 

1.0 

1.0 

1.0 d e r  

1.0 1;inOlin 
1.0 water 

1.0 lanolin 

1.0 lanolin 

1.0 

0 

1 ;..ius 

2 &us 

0 
0 

0 

0 
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Ri9LkTICN SECTION 
I 

F i l a  Monitoring Studies  f o r  daterninct ion of rcYditM.cn exposure . 
For t h e  purpose of h d i c z t i n g  the  i n t e n s i t y  of red ia t ion  tc; which 

pcrsonncl a r e  exposed, f i l m  hcs tha  advantage c-f being subject uc fewer 
accidents of t h e  t y p e  giving gross trrcrs i n  reeding cf indiccted exposures. 
h i . W y  diszdvmtzke i s  the  fLct t h a t  blrckening t c  equally b io lcg ice l ly  
hazardcus amounts of ra-iaticn is dependat  upon the  nzture  and mvc 1ent.h 
Of t he  rediaticln. 
Typo K Eastnan Kcdrk x-ray fiL,i mde up i n  t h e  s i z e  cf den ta l  packets i s  
used because of i t s  L r c L t  s ens i t i v i ty .  Lecd cross  i s  attached t o  fib, 
mkking possiblc  by d i f f o r e n t i a l  Jensi ty  readings cf developed film both 
outside of  ELnd ccjvered by t h e  le-d crbss, t o  m a s u m  the  rolativc; ar;lc.UntS 
O f  incident  be ta  rznd ~ a m a  r c d i e t i m  ad t h e i r  que l i t y  as well as penetrzt- 
ing powor. With proper cz l ib re t i cn  reajinGs cre Lade i n  r units o r  t h e i r  
equ ivden t  . 

I n  prt".ctice this ef fec t  has been l e rge ly  overcc-.iE;- 

Sui tablo f i l m  hc lucrs  were ccvelcipeu cs i d e n t i f i c c t i o n  b d e c s  f o r  
p lcn t  personnel. With czch bctch of f i l m  &re develcped ca l ib ra t ing  s t r i p s  
of t he  sane film which hzs been exposed t c j  knc;wn Lrcduated miAnts clf g a . a  
rad ia t ion .  Use of these ce l ibrn t ing  s t r i p s  nakes i t  p a s i b l o  t c  CoipenSatC 
f o r  unavoidable v m i z t i c n s  i n  dcve lopen t  techniques as well 3s bztch de= 
valoped ve r i a t ion  i n  film sens i t i v i ty .  

personnel in a l l  p a r t s  cf t h e  Lanhat tm D i s t r i c t ,  end a serv ice  division 
has buen s e t u p  i n  the lcbcrratcry hwe  t c  suporvist: and i n t e r p r e t  t h e  result: 
SG cbtained. 

Devolopient of Neutron Sens i t izers  f o r  F i b  WLrk. 

The r e s u l t s  cf t h i s  s t m d c f l z e d  study hcv6 been used in n o d t o r i n g  

A photographic f i l m  packet h a  been developed surrounded by e f o i l  
of cobal t ,  r h c d i x L  cr  s i lvz r .  These mtcls are  sens i t i ve  t o  slow neutrons 
and crrrit beti: and gama r x l i z t i o n  when C X ~ G S ~ ~  t c  neutrons. 
ere worn by suit:-ble pdxume1,  t h o  hiurn body with i t s  high hydroi;en ccn- 
t e n t  slows dcwn t h c  fx t  neutrcns t o  slcw neutrcns vihich in t u rn  2ct  upon 
the  netal of tht. f c i l .  Thus beta and rcys arc e d t t e d  which blacken 
t h e  enclosed fi l i i .  
peckets crl: ettachod t c ,  t he  s iLs  of wcter cuntziners which z l s o  s;rve a s  
a n e m s  of slowing t h e  f a t  neutrtns.  

If these badges 

Fcr tho  monitoring G f  1ccetiGns thcsc; spec ia l  f i b  

Developrsnt of In s t ru rxn t s  f c r  the  iscsureuent  of RacScticn. 

Th3 follcwing i n s t r u n t s  havb bucn dcsigncd, fcbr icated,  and placed 
i n  operztion by t h i s  s e c t i m :  

1. 

2. W surface p-lphn i x t a r .  
3 . 
4 . Alphe electronietcrs. 
5. A1;ha counters. ~ 

An a l l  purpose (vale)  r..etcr fLr tho nccsurei.snt of be ta  znd 
puma r a i i a t i c n .  

A bu i l t - i n  alphc , . d i C r  f o r  r.iecsur,wnt of h a d  exposurc 
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1. 

tho 
P r  

6 .  N o n  air iiecsura appmctus. 
7. 
8. 

Rakn brea th  LiezsurinL apparctus . 
Thin windm Geiger ccunters a d  dip?ing Geiger counters6 

BIOLOGICAL RESFARCH SIXTION 

h.  MinaJ. Expcrbmt:tic,n: Fdlcw& in t rwoncus -  :&.dnistrction, 
Urinary excrot icn irl bcth high a d  low LGSC[BS a.lounts tc. 0.02 t o  O r 1  
cent cf the  Lose Jay except f c r  t h e  first u ~ y  when thc: h i thos t  

acsc shows th ree  t c  t en  tims t he  rp.tc of excr+t icn.  Thc f e c r l  excrotiLn 
i s  approximately twenty ti;,.cs ti; 
t o  scventy tines cn t h e  tenth &a- & six t i r , o s  on the  f i f t i e t h  dc.7. The 
retention equels  twenty-five per ccnt cf the  dose in ti;n dzys, f r t y  five 
par cent on t h e  f i f t i c t t h  d q ,  sLven por cunt ct l 3 O  days znd 0.7 per cent  
at 300 dzys. ( T h i s  includes r a d c a c t i v e  dcczy cn tho UCZ, dc-y ha l f - l i f e  
bas i s ) .  
lyriph nodes, kidney, bcnc mrrcw, and blood c e l l s  with the  hikhost con- 
cent ra t ion  i n  10 days. 
ves i c l e s  show cpprcximte ly  t h e  sard concentrzt i .  n 2s t h c  t e n d a y  s tudies  e 

urincry r z td  on t h e  first k y ,  r i s i n g  

The d i s t r i b u t i c n  Lf P C l O n i U n  i n  t he  t i s s u o s  shows t h e  spleen, 

& 50 days, t h e  blccd ce l l s ,  testes, and s e r h d  

Following bcutmsous in jec t ion ,  the  excre t icn  rates ,  i n  t e r m  
of t he  amunt  absc bed, are sixilar t o  thGSe after intr2venous ad&P 
i s t r tz t ion  with t h e  exception cf c higher ur inary cxcsbticn during the first 
two dcys, 
of which about 40 per  cent i s  rctzi.ncd i n  t h e  i n j e c t i c n  si te.  

Abcut 83 per cent cf t he  dcse r d n s  i n  t h e  Ocdy at t e n  days, 

OrCl s tudies  shGw t h a t  3 p r  cent t o  5 per cent  bf t he  dose is ab- 

, 
- 

sorbed frori thc- knstro-ii:testi:;z.l c m a l .  
l i t e r i d .  is cxcr&cd i n  the urine i n  t e n  days. 
approxFr.ate2.y tho same per cent Lf t he  absLrbed &se 2s i n  t he  intrcvcncus 
aniA-.a.l 

F i f t y  per  c a t  cf t h c  2bsLrbed 
The f e c a l  excreti.cn is 

Skin zbscrpt icn i n  t h e  numn subject  ind icc tos  t h c t  no absorption 
The feet cf !.ice show less  thm . i s  de tec tzb le  in fcur  dcys of exposuro. 

1 pur cent of t c t e l  dose absorbed over ;3 t w o - d q  expcrLcnt?.l period. 

s o m  cz.ses apprcxkc t in t  100 per cent) cf t he  v?.pcrized polbniwi inhaled 
by c rat i s  r&?.incJ i n  his lungs. :.at <. f thb  pc1oniur.i capturcd by t he  
lungs i s  Lzbscrbcd i n t c  thc; blcod streaYL @rink e s sen t i a l ly  thd  e f f e c t  cf 
intravcncus i n j w t i c n .  Sufficient Fc1cniU.i i s y  ba re tained ii'i t h e  lunes 
(11 per ccnt cf the dcse n t  10 dsys)  f o r  n p r o l c n p d  
a i r e c t  aff;cts cn thc  -;.-lv;clzr e p i t h e l i u A  (see L-181lr 

subjocts 1-n x.Lurrts frc;:. 0.18 t c  0.3 ..icrocuriGs per k i l q r a i ,  
t he  twsnty-four hcur ur ine shaved 0.07 t c  0.8 pcr cent c f  th:: dcsc. The 
mercEG d n i l j  u r i n u y . c u t p u t  i n  ths f i rs t  weak IVCS 0.06 t o  0.24 per  c a t  
of tho w s e ;  in t h e  sbccnd wwk,  0.04 t c  0.08 pGr ccnt; and 3.t 70 days, 
0.02 pcr cent cf thc dzsc per dny. 'The fdcl d r i l y  excretion a u r h g  the 
f i r s t  week a x u n t e d  t c  0.56 t c  2.03 per cent cf the u ~ s ~ ;  dr i ly  the  seccnd 
week, 0,73 pcr cent ;  CLK! c.t 70 drys, 0.25 per cont cl" thi: acse. 

By inha la t ion  (1 lariLa prcpcrrtiui (prcbzbly over 30 per cent, and in 

. r ibd . tc j  prcaucb 

B. H u r a n  Sub ' ec t s :  Fcllcrwini; intrr .vduxs i n j c c t i i n  i n t c  h. iCi1  

)L vcry 

1 0 2 4 1 0 8  
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r v i d  2isaFpcartnct cf t he  injLctccl pc l a i u i i  f rc:i 
cbservers as 4.cicnccJ by cnly 1.7 per ccEt cif t h e  
15 ixinutes. 

I n  or& c & i i n i s t r n t i c n  (-f 0.19 rdcrccuriss  pu r  kihgrzi:, t h e  blood 
2nd urinc values wero cpj+rcxL..t.Lly orre-tmth cf the  d ~ s e  f u n d  after 
intravenous in j ec t ion  cf a s i . i lm dme. 
lcss than 10 per  cent cf tht ;  &se. Thc f e c c l  excr&A.cn rimanted t c  '77 per 
C c r ? t  cf tho  dcse by thruc Jc.ys, 
0.6 ri icrccurics rbi.anou i n  t h o  bcdy cf a tcltzl  cf lC .5  c icrGcuriss  t ivcn. 

This indiccted zbsorpti.cn cf 

A t  the  end Lf 230 d < y s  lcss  t h x ,  

C. Z f o c t  cf Vmicus Hp;i;nts Ln Polcn iu~;~  Excreticn: O f  il l u g e  
nufiber cf substmccs tosted,  G d y  B=.L-h Anti-Lewisite) causud E 
t r m s i t c r y  rise i n  thc; f u r l  cxcrLti1,n scvcral  wcGks after injecbicn. 
This increased cutput w t s  b? lacec l  by 2 lat tr  iccrecscd Lutput f o r  8 
few c',ays. I n  the  f irst  hcurs c f t o r  intravr3ncus i n j e c t i m  of PClGniW, 
Bzl produced o. urinar-  excr;tion c,f 5 pGr cent of t h e  dose as cbntrasted 
viith a norr.lcl cf 1 per ccnt cf thc cicse. 
dropped t c .  n c r r z l  levels . 
i n j e c t i o n  c: Gscd no siknificmnt diffcrcnces i n  the  excret ion rates. 
Tissue 2nalyscs shmd essantir , l l ;  sir-iiler cuncentretiorls, except i n  
the  spleen whosc a c t i v i t y  wpils ccnsidcrcbly l G v i L r  efter BiL trtL t.mt 

F~l lc tdnc ,  t h i s ,  the e x c r e t i m  
BAL trcco.t,-.ent i u i ed ic to ly  a f t e r  subcutaneous 

2. Dis t r ibu t icn  cnd Excreticn cf Raliui..: 

Rats werc i n j e c t e l  with 11.5, 16.0, 17.2, 2nd 1000 r- icrccuries  
per kilotram cf r a d i w  cs t h e  chlbr iue m Z  followed f a  me,- ten, Cnd 
f i f t y  dzys. 
9.3 t o  21.6 per cent cf thF: dosc; thi: f c c a  excrcticn,  0.18 t o  25.2 per  
cent of tho  dose. 
p r  cent cf t h e  dcse on the first dry; a fall t o  1 Apr cent on t h e  
s i x t h  dsy; O,5 per  ccnt  ct 10 days ,-.nd 0.1 p e r  cent at 50 days. At the 
t e n  dcy period, 40 t c  60 per ccnt  cf t he  doso re:..cined tvithin t h e  &; 
et 50 dcys, 32 pcr C m t  cf tho dcse. ;Sn a d d i t i m a l  cbsorvaticln indicctod 
t h a t  t h e  excreti.cn r c t o s  werc nbt i n f l u u x c J  by the  s i z a  of t hc  dme. 
mi iA ccrried f c r  236 &ys s t i l l  rcteinod 40 Fer c m t  cf t he  i n j c c t d  dciao. 

The u r b r r y  excrution en the  first dcy L?l;;r/unted t o  

The tcjtel e x c r i t i m  cbserved wc.s f m . i  U.0 t o  44,O 

One 

l i i s t r ibu t i r -n  s tud ies  ShGwod thc t  ct Zl+ hcurs, 83 per  cent cf t h e  
&munt ren2ining i n  t h e  tcdy wt.s dcpcsitcd i n  b m u ;  a t  10 C;c~ys, 99 per 
cent;  a d  2.t 50 d q s ,  96 per c m t .  
bans was present  i n  the  trcbcculac.  The Cc-strcintestinal t r a c t  Shaved 
8.2 per cent cf thc  t C t d  A s e  ct cnt; &.y, f z l l i n ,  t L  z s,-z-ll f i i u r c  2.t 
10 r.nd 50 dcys. CthLr s o f t  tissubs shcwb; 8.8 per  cent  :t Lnc ;cy, C-ho 
droppinr, a t  thc 10 ail 50 dL;y Fu5c.s .  The b l ~ c d  ShGvN~ 0.005 pcr  CLnt 
a t  10 dzys, a-d 0.002 pcr cent ct 50 dc.ys, Grd rr&xin?-strAA.cn stuciics 
a re  i n  prcgress. 

The hithcst z c t i v i t y  fmnd i n  t h b  

Using dosages uxpressii! =s 
U G S ~  s tud ie s  indiccte  t h e t  
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and tkt plutoniuc, is at  least t h i r t y  tices 

Cn t h e  b a s i s  of r e l a t i v e  ener@s cf 
% 

as t ox ic  is rxiim. 

tho alPha pizrt icles of thcse  
th rce  substances, it is apparent t hc t  f o r  the radih &d i ts  daughters9 
plutoniun, thc energies por rxicrc;curies are q p r o x k a t e l y  e q u a l  t h e  mount 
of redium l o s t  frcrr, axcrot ion being cadpensated f o r  by the re ten t ion  of 
i t s  daughter products. 
i nd ica t e s  thLt t h e  fcrr;er is cpprcxirxtr ly  twice QS tox ic  per' urLit of alphc 
ray cnerGy d i s s i p a t d .  i n  t h e  bcdy -:r 1 dzys, f i v b  t L e s  a t  20 days, Wd 
as high as 10 t i u s  ;t the t h i r t y  i j r  FdlOd. 

Biologicd. exp l sna t im  cf t nc  differences iriy bo explaincd on tho 
d i s t r i b u t i o n  of these  d w x n t s ,  t h c  redim burying i t s e l f  doep i n  the  bene, 
t h e  plutonium i n  thc; endcstoal  layers  ncxr the x . r r c w ,  cad t h e  p0lcniU-A i n  
the  her-istopoetic and lyqhcl t ic  t i s s u e s  themelvos.  

On the sane basis, t he  poloniun/plut<jnim CotipWiSo!! 

Tht: long t im (six t o  eit-':t i;cnth) s t u d  es of the  c. - p a e t i v e  l e t h a l  

Patholo@cal findings mdicL.to thLt  radiuu shows an a f f i n i t y  f o r  t h e  
hemtopoet ic  syster,x, vixxular syst-, l iver ,  kidney, b m e l ,  bone, and tes te :  
with danage proport ional  t o  dose 2 n d  tL&. Polcniuu shcws an a f f i n i t y  f o r  
the hei:&opoetic system, bowel 2nd t e s t e s  on ly  with dn.ia;e again probcbly 
proporticncd.. 
l i vu r ,  k i h o y ,  b m e l ,  bcne, t e s t e s .  The c h a p s  obsdrvdd with rdui.., 
although 1xre widely d is t r ibu tc2 ,  m e  i n  kunerzl not as severe as poloniua, 
kn unusual f i n d i n t  is t h e  developwnt cf far edvmced a r t e r i o s c l o r c s i s  
of tho aorta and l e r c c r  x t c r i c s  including t h e  comnaries.  Plutodun tends 
t o  show i ts  c o s t  sbvcre develcpi.;ent i n  the  h a a t c p o e t i c  s y s t a ,  l i ve r ,  a d  
bone. 

4. .Dis t r ibu t icn  CKXI Excrcticn of RadiGcctivc 2 t z r i a l s  i n  NGn-tA.Xi.C Dcscs. 

Studies  ma b d n c  ccnducted cn the  injGcti.cn cf n c n - t a i c  r?r.;cunts cf plu- 
t o d u n ,  pdoniw. ,  rcdiu4, uraniix1, and pcssibly locd  i n t o  h u m  subjec ts  
i n  order t o  cletori.ine the  excrctit-n r a t c s  i n  t h e  ur inc m feces  of these  
w t o r i d s .  Thesc s t u d i e s  are  not r u x i y  t c  r e p c r t  ct t h e  present t h o .  

The i n f c m a t i o n  f a n d  f r a  such studies w i l l  bc used i n  d e t a r u i d n g  
accurately t h e  d l cwcb lc  uxcreticns cf these  substmcus i n  t h e  cc".rc;fu1 
raLnitcrint af plant  paxmmc; l  working with the.., 
i n d c z t o  the aicunt cf hnridul  A:iterid. prescnt i n  thG body et t h a t  unit 
tir.,c . 

dose tend te  CGrroborate t h e  cbove findin@. 

Plutoniur.. ShmS i t s  a f f i n i t y  f cr t h e  hemtopoet ic  systeii, 

The ur inary quot ient  Poi11 

5 . Sui:f.;osted s tudios  : 

a. Fhysiclcgic: 1 cspcrkm?tcl  wmk with Cl4 end H3, SpGcifically on 
pro te in  rxtabc.lis,:- such cs in  wcund hcrl-, repa i r ,  a@&, CEUICC~ 
andl t he l i k e .  
1. 
2, 
Chmnic e f f e c t s  cf Aphc ei . i t tars  over a ten-year pcr icd,  
i n  chronic tc,lerr.nce s tudies .  

Hcw subs t i tu ted  a;:iinc acids  behavu i n  t h e  bcdy. 
IilvestiCztic,n cf bcnc i;ot~.bCliSL tvith 2-n idea t c  therapy, etc 

For us be 
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( 

The work c r r r i c d  ou t  m d  t o  Ix rupcrted by t h e  sur&cd Jepcrt:..ent 

1) The t rznsplan tc t ion  cf b m e  rrcw, 
2) The cu l tu rc  c:: bci,e ... mrw by t i s s u c  cul ture  ,..zthrJdS. 
3) The t r a n s p l e n t a t i m  cf c. kidmy. 

I n  as w c h  es sc.+ cif t h c  dc t e  i s  s t i l l  i n  the  prcjccss cf exxzh2tiGn 

Cm bc  cdvidcu i n k  th.;; fcllciwini 3 r l iv i s ims:  

2nd m a l y s i s  2nd expgri..,,ents :re still under study, this rep;rt; a t  the best  
u S t  be ccnsidered t c  Ix: c f  2. provis icne l  zturt: a d  subject t i  chmgo CCn- 
t i n c e n t  upcn f u r t h e r  melysis cf t hc  dicta and experi:sntcticln. 

1 TransplantatiGn - cf bcrie mrrkw: 

I n  undertaking such e prot len  ES r-arrm t ransplan ta t icn  it w m  first 
necessary - t o  e s t c b l i s h  cmtcxin bat :  l i n e  d r t r  cn t h e  p c t c n t i c l  rac ip iunt  (I 
This included s e l e c t i c n  G f  c type cf .r?.dWA.cn thcA wculd prclucc c l a p  
of t h e  p r q o r  oxtent $r t e g u .  
fror.. 2 250 KV ;.zchme wes f i n d l y  se lec ted  sinct it produced cpproxir:&tely 
an L.D. cf 50 cr slik,ht13 Lreater. 

. 

T b t n l  b u y  rxl ia t im cf 300 r Lcutc: d o S t g e ,  

E%iplGyhE: this doscje c<f r t & t i o n  studies wcre then cc r r i ed  Gut t o  
d€torrdnc t h e  type end d e n t  of da..cSc tc v:irir.us tissues rrA organs Gf 
t h e  dc r  with ospeci;ll rc iorencc t u  tho heratcpbctic t i s s u c  a-id t h e  included 
bcnc i%rrow. 
study had t c  be t e s t e d  mcl then usc;. F h l i ~ t i c n  dc.;.a;o t o  t h e  hcst  was tho1 
estii..atcii by co r re l&t im cf clinical . ,  h a a t  clciici-1 m u  p.".thclc, i c r l  f ind- 
ings. k l k t i c n  cl&,a~;e t c  tho bcnt: r.xipcw at a Livsn pericd cf tir;c Could 
be doteniined ra re  p rec i se ly  by d i r e c t  e x a h u t i c n  cf tho :.s.rrcw f r o u  tho  
l i v i n g  hcs t  by rcuicvin, such a spechen  ~nrs a r ib .  

I n  crder t c :  cbtziri such infcr.-Z"ticn, c ld  2nd new i.'rethoLts of 

The eqe r i iAan t s  cn t h c  t r a n s p l x t c t i c n  i f  bGnc dwmw nre i i v ided  
i n t o  the  follcwi.n( crcups: 

n. Ccntrc l  Studios 
B. T r e n s p l a t  Studius 

A. Ccntrcl  Studies  

P i l a t  , Fkdi ct ed 1, --- 
A p c u p  cf 7 nGri..d. t i o p  recoivod 300 r t c t d .  bcdy r2dkt iGn,  

underwent r i b  rusect icns  3 days p re rd r&t i c ln ,  4, 7, 14, 21, 28, and 39 days 
p c s t - r d a t i c n  PXKI was studies P.S cLn t rc l s  t o  dot , rchc:  t hc  pc"tt;drn m d  
exten t  of d e r w i i x n t  cf t h e  c l i n i c d  cum'se L f  thc; pc r iphord  blood end 
bone mrrcw pS c ture .  
as t h e  tiA% d Jnex;xo,tcd deeth G r  sacr i f ice  
cxadncci ct hct;-:ly ir!t;rvals f c r  t h c  f i r s t  LCi: h a r s  pcst-rzdiatition i n  
4 of t h e  ani:.z-ls, 

HenctoLCicc.1 cnC; pr.thc,lo{-icd s tudies  wora mcle 
The periphcrr:l blood wr"s 

Thrcc cf the 7 rzLi.&ed dcis Uicd curink thc: ccurse c.f study. k l l  
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of t h e  an imds  m n i f e s t e a  dehiscence c".M necrcsis cf their s u r g i c a  
wounds. Bcne :.ierrcw s tudiJs  shaved conspicuous signs cf da,generatibn 
beginnink 4 dzys post-radizticn and n c x i r ~ ~ l  Cixege between 7-Ut dzp .  
T h i s  degmerc t icn  Epplied t o  t h e  nyeloid, erythrcid 2nd clegzkcryocyte 
e le ien ts .  
be detected which w t s  r x r e  evident at 25 days. 
znd t h e r e a f t e r  tho  rxrrow wcs hyperp lmt ic  but with sllld.1 m e a  cf debrfs, 

t 

k t  2 1  & y s  Fis t - radict ion ear ly  s igns  c;f re;encrcticn could 
iit 39 ckys post-rct ia t ion 

2. P i l o t ,  Non-Rc".diatcd 

grcup cor,&stinf of 4 normal dogs undenvent sk.uiler procedures 
and study E B  gmup 1 a c e p t  t h e t  no red ic t ion  was adr;idstered.. 

Ncrnal finbngs were noted i n  these enixds. 

3. Cmbrol,  Radicted 
- 

Another :-r.up ccnSistin& of 8 n c r r d  dogs w 2 s  studied 2s controls  
t o  daterriine o r  obt-n tho ix,rml p a t t e r n  2nd €&tint  cf darengernent 
of t h e  c l i n i c a l  coursi, bhc F e r i p h s r d  blcod picture,  es w e l l  as t h e  

s a c r i f i c e  80 deys post-radi-t '  c 1on. 
. p a t h o l o g i c d  herrtclGklcc1 p t t e r n  a t  t L e  of a n q e c t e d  d w t h  or  

Six of the  8 clogg died cf r clizticn intoxicciticjn i.e., purpura, 
Sepsis, or& ulcerzt ion,  depression of the haintcpcei t ic  s p t c n  2nd t h e  
aesociated panhemtopenia. 
chzngos i n  t h e  harxtopoei t ic  t i s sues .  

4. Ccntrol, Redinted-Operetod 

The survivinp anirils shcwed hyperplastic 

k group of 4 ncri;al dogs raceived 300 r t c t c l  bo@ rzdiaticjn, under- 
went r i b  resect ions 3 days pre-rcdiat im,  2, 7, 2nd 39 clays post-rd.-  
a t icn ,  hcd pseudo L:.irrow t ransplzn tc t ion  prclcedurcs 2 days post-radi- 
a t ion  and was studied 2s cctntrols t o  detLr&ne the p t t o r r :  :.nd cxtent  
of derznge;.ient G f  thc c l i n i c d  c a m e ,  the  Feriphdrel  blocli: 2nd the 
bone mrrcw picture.  Hx,iatolo,ic& and pathologicd  s tudids  cf the  
i;li?rrCW were r.iide at the t k e  cf e:ch r i b  rdsecti.cn and unexpected death 
cr  ct s a c r i f i c e ,  60 deys pcst-rc.3.iticn. 

Three cf the 4 dogs c;ried cf rad iz t ion  i n t c x i c L t i m  with findin,s 
as noted above. 
D;:.enarctiw chcngcs i n  the boric A.c r rGw were conspicuous ct two dsys 
pcst-rEP5icticn c1Y1 ConsiderLbly I .ore i,nrkGd E t  7 ckys pGSt-r2diatlOn. 
A t  39 dcys post..rrc,i?.tion th6  r-u-rcvr R;S hyperp lmt ic  but crcas  cf dobris 
were s t i l l  proscnt. 
and ncgakaryocytic e l m c n t  s . 
The data f r o n  the  prcccc .ing groups prcviddd the  bzse ILne infcrEation 
upon which t o  ccrripare t h c  rtsults fri1.i t h e  t,rcnsplantad . p L u p s  as noted 

I n  cddi t ion wcund ckhiscsnce ami necrcsis  wcs comon. 

This hyperplasia eplliccl t o  erythrcid,  mye1d.d 

f ouowing. 

B. Trclnsplxt E t a d i . ~ ~  

1. bIarrcw Suspensicii Trc?nspl,.nt 
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A 5th  & r a p  ccnsis t ing cf 5 r i c r u l  dogs reccivcid 300 r t o t n l  body 
radizt icn,  underwent r i b  rescct icns  3 dqrs pe-rcclizticn, 4,  7, erd 
39 days pcst-radirt ion,  received a S i i r L l c  n o r r d  m r m w  suspension trans- 
plantat ion i n t c  t h e  d i s t a l  end of t h e  sheft  of r iCht  feriur, t h e  right 
h u x r u s ,  and t h i  e n t i r i c r  chaKer  of each eye, a d  wes studied t c  de- 
termine the pa t te rn  m d  extent Ccf ccrmgerxnt of t h e  c l i n i c r l  ccurse, 
the p r i p h e r c l  blccci md the bme ixrrw pic turc .  
p,?-thGlogic:l s tudies  were c m r i e d  c u t  ct the tim bf uncxpctcd tietlt,h 
or sacr i f ice ,  30 cr 60 dcys pcst-rgdieticn. 

Hemtolo t ica l  znd 

Fcur of the 5 dtcp diad frcr,; r d i c t i c n  ir,t&cEtion with the  
t r a n s p k n t  s i t e s  cf t h c  lank bcnes shcwing cmsider2ble  evidence cf 
c ld  hoixrrhaFe, orceniznticn but vmy l i t t l L  e v i L n c e  ef new ;-arrow 
growth. 
f indinl-s fror: thc  - . f i r r G w  t rnnsplcnts  t c  the znturiGr chai.g.c;r of the 
cyes 

d id  not indiczte  t h c t  t h c  t r m s p l c n t e d  s i t e s  were fiore hyperplestic 
than t h e  ncn-transplmted s i t e s .  

Residual f i t  depcs i t s  with ccnnective t issuc rcact ion werb t h e  

I n  t h e  me dog t h a t  survived ccr,.p=ztive s t u d c s  Lf t h e  lonS bcncs 

2. Bone and liarrow Transplnntctim 

A 6th group consis t in& c , f  4 ncr:iil c:ccs received 300 r t c t d  body 
redict ion,  kderwent r i b  rcscc t icn  2 days pre-radiction and 2, 4, 7 
deys post-radiaticn, rLcei,vt;il E trc?nsplantztion cf n'rficl bcna m r r o w  
and accorLpmyirq bcne cbrtex m d  endosteum t c  thc  shaf t  cf th,: rifJlt fer-ur 
and a t ransplcn ta t icn  of R segr.x?nt cf r i b  t o  r i b ,  2 dcys post-r?.diaticn. 
A I';mrcw suspcnsicn t r u s p l m t  w2.s placed i n  the  en tcr ior  chc-:.bc;r of etlch 
cye-. 
extent cf dercm{:eirient cf the c l i n i c a l  course, t h e  periphercrl blcoci 2rd 
the bone i:a.rm gic ture  
carried out a t  the t h e  of &expected Gt?z*th cr s x r i f i c c ,  30 or 60 days 
pOSt-rCdittiGn. 

In a d d i t i m  this Lrcjup WEIS s tudies  t L  deter::linc the  2:i.ttcrn md 

Hexit dGLiccl  m d  pa tholo t ica l  s tuJ ios  w d e  

Three Gf t h e  6 dcgs died of rcdii?tfcn intwricet icn with t h c  t r a m -  
plant  s i t e s  showing old h e r x r r h q e ,  ccnnectivlj t i s s u e  r c x t i c n  and ncw 
bone Errnth but  very l i t t l e  evidence cjf new ixrrcw Crcwth. 
depcsi ts  with ccnnective t i s s u e  recct icn w r c ,  n c t d  i n  t h e  m t c r i c r  
c hanber . 

Rcsidual fa t  

I n  t h e  threc  docs t h r t  survived vc.ricus A,rocs bf re!-encrating 
c r  hypcrplcstic r.zrrGw wcs fcund but the trznsplzntc,  s i t is  ? . lw~ys 
c?.ppemcd lcss  ac t ive  t h m  t h c  nLn-trcnspl?.ntcd sitts. 

3. Liarrcw T r m s p l m t a t i c n  t c ,  hcevily r e d k t e d  lcn, blnes 

k Ereup cf 4 ncrticl dcgs rLccivLcl r-dictiw of 2500 r t c  L t h  
e n t i r e  lcwLr cxtrei .itiLs s i i d t n n o c u s l y ,  
transplantc3Ain ,f c. n.rctcl bc riL i.Lrrcw suspcni  bill wcs c m r i d  cut. 
Strndard s tudics  tvmi: c r r r i a d  Lut t c  dettrl.iinG, t h b  pLttcrn Lnci "xtcnt 
cf derzntti..cnt cf t h e  c l i n i c 1  c a r s c  
l b g i c z l  tnd ~ e t h c l ~ ~ i c - 1  s tudics  werc c . r r i e d  cut c.t the  tii.c . f un- 

Twc (:;2ys post-rzUnticn 

nd thc; p c r i l h c r a l  blccU. Hdutc-  

@ exsect e< tiect h c r  s x r i  f i c  c 
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k l l  cf these cicLs s u r v i v d  these p - c c e a r e s r  T h i s  i';GSate G f  
r a d h t i c n  ICS nct cf s u f f i c i c n t  I.;. n i t u A  t c  doctrcy all (,f thG 
izrrcw i n  t h e  r;' L t c U  extrd. i t i c s .  
t h z t  l e s s  cc t ivs  ,_ rrm IV s fLunL In  the  trcnsi1ante.i s i t&. 

CL,-pLr. t i v e  stu,i&s ifiuic:tcd 

4. :ZITLW Trr;nsplslnts t c  Spleen - I.,.n-FkCLi-tel 

k p c u p  L f  i+ n c n d  G y s  rucciveu E t rcnsplcn ta t icn  .f n c r A .  bcne 
i ~ r r c w  suspensicn i n t u  tk splmi. 
dctLr.:5nc thc p t t c r n  fnd Lxtcnt cf 2ermLL_,cnt cf thu c l i n i c s 1  ccurse 
2nd thc priphcrL-JL blccd. H e r A C I L i  ic,l mil pcthc 1( _ i c :  1 studics were 
car r ied  c u t  a t  t h t  t ix .f uneq7C;ctc.i ,:s:tL cr s a x i f i c e .  

St::ndtrL s t u J i e s  vert c r r i c d  cut  t o  

hL1 cf the an&-Zls survived the  p-ccedurts.  
7 - d  Ccnntctive t i s s u e  respcnse w i t  nout eridencc of extr%cLedull=;ry 
aJrclcpcesis werL f u n d  a t  t h c  s i t e s  cf t r iaspl2ntet iGn.  

Residue1 f c t  deposits 

5. L a r r w  T r a n s p l a t s  t c  SDlcen - T.tcl BcSy bciic".ticn 

A croup of 4 n m A .  Uccs ruct;iveL t L t a l  b i y  r a d c t i L n  c f  300 r cad a 
t r m s p l e n t z t i c n  
pcst-rcGi&i.cn, 
a d  cxtcnt c f  der?Qa.cnt ,f thb cLinicr.1 ccursc; cnd thu periphcrcl  blccd, 
Hw-ztdbLic:l ?mi & h c l c t i c d  s t d i c s  tierr= c:rrieZ c u t  a t  th, t 5 - L  bf 
unexpcctel Uecth L r  s t c r i f i c o .  

f nLri:cl bc;nc: ~ r r r c w  suspensicn htcl thc  SplLun 2 d2.p 
Standard s t u i i c s  wrt; cc.rricd cu t  t o  detcr..inc; the pzttcrri 

Three uf the  4 i c g s  died cf r:-.liation in tcx icc t icn .  The s i t e s  of 
t r m s p l m t z t i c n  verb 2.s ncted ?.btvG. 

6. Xerrcw Trcnsplcnts  t c  Splcbn - Sbleenic &-iLic.ticn 

k & r a p  of 4 ncr,xd dcts rccoivccl rc?Licticn cf 2500 r t c  t h t  sp1eed.c 

Stmd:anl s tudies  were cnrr ied out t L  Jcterr-Lnc t h c  
rrca mi  2. t r m s p l x t c t i m  Lf ntri-.:l bLns i..c?rrcw susponsi n i n k  the spleen 
2 k y s  pcst-rndicticn.  
p a t t d n  a d  Gxtcnt c f  JLrm ..mt --f t h c  c l i n i c c l  c u r s e  and the  ]=r ipherd  
b l m u .  H C r i t i l C t i C d  rnd c-thclcLic:l s tud ies  werc c 2 r r i . d  cut c t  ti32 t i n e  
cf uncxijectbd clzLzth ' r  s a x i f i c e .  

dl df thc  miizls  survived these prccc-ures. The spleens wer6 sr.lall 
Lni, f ibrob't ic with rcsiiili2.l .,';I csits Lf f ? t  cni; n! tviL,c3ncv bf cXtr&cd- 
u l l z ry  r.yclopcesis rk the r,r*.nsiL n t  s i t c s  . 

t h c  r c s u l t  t h m c  .-.CrrCw tr,i,sy;lmnts ti. t h e  spleen it J i d  
nct 2ppx.r kLsirzblL t c  attcr-pt  t c inducc f u r t h e r  Gctrff ldul lery lbq- 
e l L p 4 . s  i n t c  thc; l i v e r  ci- rUtrc ,pori tL nucl t i s s u c s  by the d i r e c t  t rens-  

3Q 
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planta t ion  of hor-iclegcus k n e  I X ~ G W .  

7. h r m w  Trmsplult a t i cn  Intrilvenousls 

A group ccns is t ing  o f  4 ncrrrA cic/gs recoived 300 r t o t a l  bcdy 
r ed ic t i cn  and intrcvcncus in j ec t i cns  c f  ref ined bGne ::arrow suspension 
2, 4,  7, and 9 dcys pcst-r;.di2titn. 
the pa t t e rn  md cxtcnb of d e r q e n e n t  cf the  c l in i c , i l  cGurse, a d  thc 
pcriphcral  blcod. Hcrxitc l cg i cd .  a d  pcthclct  i c a l  s tud ies  wer6 c a r d a d  
out a t  t h e  t h o  c f  unapec ted  5i;zth c r  s c r i f i c c .  

. 
Studies were ccr r ied  o u t  t c  deternine 

Two cf the i!+ dcts cdicd cf r , . d k t i c n  intGxicc,ticn. Hovlevcr Sl1 
mkX.1~ showed pdicL.s cf e lcva t icn  i f  tht; t c te l  TimC count th?h w c m  
not n c t d  i n  tho ccn t r c l  r-dictcd group. &wd* types cf  c e l l s  were ncted frequently.  
mc!. ctypical c e l l s  were nLt m t a d  ir,mdi.ately af t;r t r a s p l a a t i c n ,  
howevs, ncr could such findings be expziried Ln t h e  bas i s  cf t he  in- 
j e c t i c n  c f  a p s r t i c u l c t c  mtttr such cs indicr ink. 

trt these p e r i d s  of d c v c t i o n  
These c l e v a t d  p o r i a 3  

PathLlcgical s tud i J s  shcwcil ~! i . l iary bcne depcsi ts  within sr.d.l  
veins throuchout t h c  lungs, 

Because cjf these f i n h n g s  t h i s  phcse cf t h e  experLent  i s  being 
extended . 
I1 Culturc of Bcnc Marrow b,y Tissue Culture i,ethcds: 

Aftcr due CGnSideratiGn i t  was d e a d  desirzble  t o  stud3 the  c d t i v a -  
t i o n  of  bonc r:irrcw i n  v i t r c  i n  c rder  t c  prcvicle E means (1) whereby the  
m r r o w  c ( u l d  bc studied i n  r u r e  d e t o i l  and u , rc  rzccuretoly with cspec ia l  
01: has i s  Ln the e f f e c t s  cf r ad ia t i cn  on c c r t a i n  cy tdcg ica l  a l t e r a t i o n s  
(2p t o  considor t h e  f e n s i b i l i t y  of es tcbl ishing a i.ia?r(;w bank i f  mrrm 
cmZd be cu l t ivz ted  successfully a d  i f  i.LtUTcw cculd be t rmsp len ted  
successful ly  . 

Such techniques cs t he  r o l l e r  tubc, t h c  C t r r e l  f l a sk ,  a d  t h e  s i t t i n g  
drop s l ide  technique haw been e r q L y u i .  
disedvantaLes but B c (  :.Lbinc.ticln cf thb s l i -  e 
t o  provide t h e  rptii.ii:L ccnditicns f c r  crcwth rncl study. 

A x h  has t h o i r  edvantages and 
flr.sk technique appears 

W t h  theso techniques thc fcllLwing s tudies  wGre cer r ied  out: 

1. the  e f f cc t  if vr r ied  r.edia on tlx Ercwth c.f bcne i.L".rrcw. 
2. 
3. 

st,cralari Iieciia. 
4. 

r z r  r ow , 
5. 

The r e s u l t s  cf these s t u i i e s  =e now i n  t h c  process cf tc.bul2tic.n and 

Further s tud ies  w i l l  prchchly k c  r ~ s ~ , i ~ - ' .  when t h e  current  repcr t  has 

t h e  e f f x t  cf v:ried ~ c s  tensicns on the  grc,wth uf bcnc i2GI'rOW. 
the  o f f x t  c,f varicd st,i;:uli t c ,  b a e  mr rm and i t s  t2rcwth i s  

the  cc,.,pzrative s tudies  t n  t h i  Lrcvhh cf nclrial 2nd. r eAz ted  bcne 

the preprr2tion cf ccrr.;w f c r  t rmsp lcn ta t i cn .  

i n t  erpr& zt icn. 

been cor.--ple tcd . 
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III Transplantzticn cf a Kidne,y 

In  the  r rcccss  cf  w c r k i q  w i t h  end the inci&nt:l txposure t c l  u.r?.riiWl 
cad u r a n i u i  cc;rpunrls, it wes tel ievLL,  th-.t ~2 s i @ f i c m t  degree of r e n d  
dux~gc ivouid resu l t .  
s i r a b l e  to  d i r e c t  s c m  z t t e n t i c n  t c  1 x a s u r e s  which wculd e f fec t  S O I X  bcnefi '  
tc: t h e  danaged orgvl  and the associated derL?nEE;r.ients t c  t h e  hcst,. Cne Lf 
the  f i r s t  prccedures ccnsidercd w2.s the  a.Litim cf a n m s l  kirhey with 
the u l t i m t e  hc;pe tkt  c i..ethc,d cculd be  wcrkcd cut e v m t u a l l y  whereby 
t h i s  trmsplmnteJ. ki tnay cr.uld functien f c r  z t  2. zst a shc,rt pcri.ccl. cf 
t L e  until the ia.;agc ... kidneys hcd r e c c v e r d  suf f ic ien t ly  t o  c m r y  c;n t h e i r  
f u n c t i m  ~~&i . r i .  D u i n g  t h e  cwrsc c f  s t u q  cf the  t c x i c i t y  cf  u r h u r - i  
2nd i t s  cc;.;pcund:s 5-t wcs f w n d  thc.t the  incidence 8fi. &,-roe of r e n d  
d&>+-e cnccunterc 
less  thcn a p e c t u d  and c..ccorangly less ntt,snti.cn nteci be .!,irected t c  
thcrrpcut ic  m a s u r e s  

Becsuse cf t h i s  m t i c i p z t e d  J ~ m i u  it w6s f d t  ;e- 

i n  i n d u s t r i a l  anL! k.bcrstcry pUrSbnntl was a Crtct d c d  

5'hi.s experiiuent ccncdmeL: it s d f  w i t h  the i n i t i a l  stu&.ss czrriud but 
t c  clctcriilne Q surLica.1 tcchniquc; th2.t cculd be ezplcyed f c r  thc trzns- 
p l m t  ?-t3.m cf  a hcrxpncua kidney 

The r e s u l t s  cJf these cxperiixnts i n d i c a t d  t h c t  the  cannulae technique 
f6r anastcxosis Gf b l c d  vLssels and the t ransplantat icn cf B kidney t G  a 
neck was m r o  dcsir?-ble. Vhen t h e  kidney (-f cne -cg 'was t r m s p l m t e d  into 
the ncclc o f  ancthcr C;cg ther- w 8 s  m incroEscd i n i t i a l  hlcod f low th rowh 
the a r t e r g  seccndery tL t hb demrvztion. 
last f o r  s e v b r d  d;-s's and wzs zss&bteu with excretion b f  abnor.i?lillly 
large quant i t ies  cf u r i n t ,  prc.viding t h e  vencxs r c t u r n  w3-s edeqwte.  
scrx cf t h e  trmsSl:.fitc\: kic:nLys fbmcticne2 f c r  cnly 24 hburs, cthcrs 
fc.r 2s lonc 2s 5 ~cy3. 
swcllan, sGft Lea. Itidncy. Inc?s;,.uch cs autc n u s  transplmnted kidneys 
nay survive f c r  2s lcng 2s 9 tictntkis i t  ~ p p e a r s  t h z t  t h c  fLi lure  cf r e n d  
h w L o t r a n s p l a t s  t c  funct ion indLfinitd.x cmnot  bc a s c r i b d  t c  surdczl  
e r r o r s  but t o  cz f - c t c r  cr  f i .c tcrs  cf inccKpat ibi l i ty? 

Tkis i n c r G c s d  blclcd f lp iv  iXuy 

i v w t u < - l l y  kic,ney functicm f a i l e d  lezvin, a large, 
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a. hedian h t h d  Dose Exrtrir-ents. The r;edian l c t h c l  dose ( t h a t  
mount required t o  producc: Jezth in h d f  of the anirids) f o r  x-radiation 
was detarmined i n  swLral species cf a i r ~ c l s ,  the r e s u l t s  being l i s t e d  
i n  the  following tzb le .  Fcr t h e  purpose cf cmiiarison c f  s p c i e s ,  the  
s tud ies  on r a b b i t s  ccr r icd  out ?t the L e t a l l u r g i c d  kborcttcry 

. 

' 

University c;f Chicqc  a r e  included. 

Rcbbi t 790 r 
Rat 600 r 
&ionkey 5550-600 r 
Dog k r k  not yet cwpleted.  

It nust  be wlriented t h c t  the s o n s i t i v i t y  of t h e  zbovc; species 
x- rcdkt ion  i s  i n  t h e  same order. 

a t  the 

f o r  c hrcnic 

The rct i s  g u z l l y  sens i t ive  L t  seven weeks end zt seven ncnths cf age. 
Males :.mi f e r d e s  shcw equal s e n s i t i v i t y  with regL.rd t c  acute l c t h s l  effect:  

If the dosa,e is adjusted by increasing the t i m e  of expcsure at  constal: 
i n t d v d s ,  t h e  &en survivcl tine plct tod agzinst  the l o L  cf the dGSe is a 
s t r a i g h t  l ine .  If the  dossce i s  adjusted by v?.ryinE the i n t e n s i t y  a t  con- 
s t a n t  tine, tha rr.orta.lity p l o t t d  ngainst the dos?.ge squareG i s  a s t r d g h t  
l i n e ,  
i s  2, "two h i t "  phenmencri, or i n  Lthcr wrds ,  tvic; sing12 hits by x-rag 

. photcns have bezn r,t?de f-.n E s inkle  c;leEent i n  a single c d l s ,  i.e., chrm- 
osone, spindle, c t c ,  

Evidence h2.s b e a  L8incd which indicLtes t h a t  t h e  in jury  tc, rad ia t ic t  

Studios on thosu f x t c r s  which influence the  m d i z n  l a t h z l  dose have 
been r.mcle, but e re  nc t  ye t  r e d y  t c  rcport .  
t h c  r z t e  cf dcsc, m t a b c l i c  effects ,  2nd the e f f e c t  of vc".riLus dru&s cn 
x-rai ia t ion injury.  

Thcsc; i n c l u i s  studi,:s as t o  

8. Pathilof.:?; cf Acute Rcdis&ii DaxFe: Tissue cknges i n  s a c r i f i c e 2  

The threc  t i s s u e s  p r i n a r i l y  aff ecte! 
r2tS at 28 b u y s  ';;ere difforent  frci.. thcse fcund i n  &ni.;dS r'yinE; frci:. 
i r radic- t ion in jury  v:ithin t h i s  pericd. 
were t h e  bcwel, t e s t i s ,  and hLr&Gpcetic systeci. The sacr i f iced  cnk&LS, 
at l e a s t  f o r  dcscge v d u e s  cf 500 r cr greater ,  represented c? grcjup which 
h?.d been injurc8d a d  except f c r  tas t icul .?r  chmbeu, hed r e p d r d d  i t s e l f .  
Uegenerc?.te t e s t a s  viere prcsont a t  t h e  250 r i e v d .  
i n  t h e  hwaetcpcetic SySteii f i r s t  rgpeclred t t  400 r. 
o n l y  a l i t t l e  Kcre s e v a e  ?.t 1000 r t h a  zt  400 r. 
w s s  ncted i n  the splcen a d  lyi:+h nodes. 
depleted clt cvcry dosage lcve l  ct which the anir.cls dicid. 

S igni f ic rn t  chc".nges 
These ch:>nE:es werc 

T b i s  scxe Creiient 
The i.'arrow, hGvfevzr, wi'.s soverely 

Tissuc chances i n  rxnksys wcrc fcund i n  thi: hei,iat;fiLetic systen md 
' kcwel .  

\verb Lxmturc. 
l e v e l s ,  t h i  i.uni~KL i n j u r i m s  c'_ust,c cccurring between 375 -.nd 450 r. 

Tcst iculcr  f i n d n g s  wbre d i f f i c u l t  t c  malu.otc. b c c a s a  2J.l a i m l s  
The txtont  cf injury W E S  cxst sevc.rc. 2-t t h e  hi$hdr  d c s c ~ ~  



,,- 

11. CH€dXIC RLL.T'ILI5, FhtCL-h.;,. 

U c e ,  i,.cnkeys, rcts, co.n2 dcgs were c x p s c l  t L  chrcnic r x i c t i m  i n  
i k e ,  i-mkGys, 

r n t s  were expcsct. t c  0.1, 0.5, 1.0, md 10.0 r pcr 2c.y six days por 
the  fcn. ,  U€ x-rec'j;.tiLn f r c i I  250 m d  1000 hVP mchines.  

week fcr  twc y c x s .  
10.0 r p r  ;J- six ~ c y s  per w,uks f c r  t w i  years. h u i t c b l t  c a t r d s  werc 
c c r r i c d  with cnch s e r i c s  i , r ~  received i u m t i c c l  t re&mnt  except fc r  the  
irradktim. 

DLLS vrmc cxposeu t u  0.1, 0.5, 1.0, 3.0, 6.0, cnd 

Thc, r e s u l t s  w i l l  t i  raI;Lrte:d accordnk t c  t h e  species. 

The experirxmt cn ~ L c c  ECVC l i t t l e  r e s u l t  bcce.ust: cf zn epidei-ic 
of  iiwse typhcicl which cccurrecl CurinL t h e  cxp.j.rf..lcnt, 
wcrs cbtzined e r c  elr:ijst L .goss ibL  tb m n l g z e .  

Such. r d s u l t s  2s 

The oxperi,-,ont with ;.imkeys i s  l ikewise  f Eul t j -  f cr  sevtmd reLs6ns . 
Ehdeiiic tubcrculcs i s  WLS preumt i n  t h i  c c l m y  rnd interfere; with i .crt21itc 
f i b u r e s  as w e l l  as with survivzl til:es. 
a f t e r  1A years t f  r z i i a t i c n  E t  a l e v e l  cf 0.1 r per k y ,  it ncntal offsprin, 
wccs conceive;, m 2  CclivcrLd. 

One n c t s b l c  cbscrvLtion wcs t h c t  

Thc ra t  a p r i . c n t  g.ve tht: f o l l c l w i n L  cbserv:.tiVns which f b r  t h e  
puricsc cf c l e r i t y  c:n be l i s t e d .  

1) 

2) 

3)  

4)  

5 )  

The surv iva l  i s  s igni f icant ly  ilccrecscd at t h e  10 r per clcy 
l e v e l  but nc t ct the  l:,wer l e v e l s .  
iLLcs r.nd f e ; A e s  a r e  LquCZlly s e n s i t i v e  t c  a t i v m  chse c f  
rali ct i c rl . 
The t i d l t i c 2 1  offect :,f x-rzys whcthcr L-ivcri with the 250 cr 
1 ri l l ic in  v d t  :-Axhinc: i s  in i i i s t in  uishable. 
LevGls r f  1 r per A?.y m i  t d c w  shc-w nL influence Ln spsrr: 
prcductil-n. Dsfinitb 2ffLcts :.re ncto.. at thi:  10 r l eve l .  
The m:hr cf  l u u k b - i c s  zppecrin,r i;urinc: t h e  course Gf the  
cxpcrii.;c;nt showo, 2 td,d if I2 ir- the 400 4 i i a l s  stu.:iad. 
The frequalcy is i:rcpcrtiar.l tc t h t  ,csc; cf x-rcdctim Liven. 
T h i s  i s  i l lustr&t:u i n  thc  cccc,.lpznyin, k.310. 

D c s C j  C. De?- t h s T L t d  Nui.lbtr L f  , ~ n k c l s  
0.0, nme 50 mi..cls 
0.1 r 1 100 m 5 A s  
0.5 r 2 100 aei.z.lS 
1.0 r 3 100 cni..s.ls 
10.0 r 6 50 ; : ~ i r ~ i ~  

The 10 r L v d  i s  :.l,&r.ucir-blj. hith,r thcn sh,,wn, incsi.,uch LS it 
i s  necLsscr,, tc. c c r r x t  f b r  the LncrL-crst; in u r t a l i t y  i n  this 
grcup which Ln r. tivc ycnr zx;liriil;cnt i s  consi2cr:ble. 



, 6) Studies cf the weight c h a y e s  cn thesc C I ~ L L ~ S  i n A c % t c s  
t h z t  weicht cbs+rv?.tims re cf l i t t l e  value i n  prcdict inc 
t h e  cutca-le (,f the e x p r i m n t  c r  as 2. pLss ib le  clinic:.l 
t e s t  f c r  c x p s u r e .  
pcricd j u s t  Sefore Geeth, a t  which tLce d h L r  observable 
chsn,es ere w e l l  est,blishecl. 

Thc tveiiht 1 a s  SCCUTS m l y  i n  the 

7) 

8) 

S u r v i v d  t im s tudies  ere s t i l l  i n  IrLLrsss. 

Twxrs - prc;liiinar,v s tudies  indicatc  t h  t scrsb types, 
pcrticult?rly r r n x m y  t w x r s ,  cre indued while c t hers 
are  s2ontmecus i n  typc. 

9) Hoirctu1c,ky - nct  included. 

The C!.CI, e x p r h c n t  was car r ied  k.ut ccccrding t o  tho foll twing 
plitn: rnir.1~1~ r e c e i v i w  0.0, 0.1, 0.5, zd 1.0 per 2r.y six ckys 
weekly were cLrricc'. f i r  622 treeti.:ents ( t w c  ye?.rs) ad. then szcr i f iced.  
The mi~.,d.s rcccivinc 3.0, 6.0, :ad 1000 r six days wcokly werd given 
500 trec?tr,ents mcl dl sccr i f iced.  Thc: p lan  cf s c c r i f i c e  fLr the  lcwcr 
I;ruups i s  as f d l o w s :  
cf the aii,.als w w t ;  sacr i f iccd;  thi? r e c h n i n g  tiw,-thir-.s :-re c a r d e d  
f o r  an c L i t i o n d  three r.tmths frtr reccvery s tu5ies  nt thc  erd cf which 
tii:c t h e  fc. -&xi ere  secr i f icod.  
rccovery s t u d e s  cn sperii 1'Lrmticn. 

zt t h c  cnd i f  the  p e r i d  cf Gxposurc, m c 4 J i i r L  

The I'&.& n r t  kept cn fcr a< i i t i o n d  

l w r t a l i t y  f4:uros a t  the  cnL of the first 500 t ror?trcnts  
(Lcta ava ikIAe)  e r e  es fcllcws: 

Levo 1 
0.0 r 

h i i c r t a l  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 60;;s 

i b r t c l i t y  f i j u r e s  a t  the ijnd of 622 trect:Jents m e  as f G l l o w s :  

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

A s  i n  t h e  r G t  e x p r i u n t ,  ,b scrvc ti: ns . .aC;c 1-u Irieic h t  chm<c-;s 
have i i t t l e  v d u e  i n  pf idict ing t h e  c,utcii.i If ix .xLperimnt. 
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Sperm f c r : a t i o n  i s  influenced et  d l . l e v d s  t?bc,vz 0.1 r p r  
dgy ?-rd i,uc;sticnd?ly a t  the  0.1 r level .  
0.1 r per b y  l e v e l  i s  r e d  will be shc.wn by thG reccivery study n m  
i n  prccress.  It requires  270 t c ;  300 r t c  s ter i l ize  50 per  cent of t h o ,  
UGGS ct tlie O.5.r  i;er day l e v e l  c r  the  1.0 r per dqy leve l .  
i z e t i c n  E t  thc  10.0 r per  dcy leve l  rmre than t h i r t y  treat:.ients (300 r) 
arc require :. 
i s  invclved i n  th6 x i t u r e t i c n  c f  s9rr;:l. 

Whcther this chc-np i n  the 

Fcr s t c r i l -  

Frci; this cbscrvzticn it i s  deduced t h c t  :I t i i y d  fx tLi r  

Sc;.ie minds accunulctsd over 5000 r b e f L x  dyinc, while others 
~ (.. ct 1100 1: cf chrcnlc i r redi?vt icn.  
b i l i t y  i n  thc species the:..sel.ves. 

of rcts f ollcwint-- expc.surc:s t c  chrcinic x-rzl ic t icn f c r  twc. yez?rs 
fcr;.;ul?-tcs the cpini.cn t h a t  there  is  ric g c d  h i s t c l c g i c a l  c r i t s r i o n  
of chronic x- ra i ic t icn  d&:x?@ when c..dc!!nistemd i n  k s a t c s  of 10 r 
pcr h y  an2 less,  
Test icular  &.i.Ep wc?s mteci with cbstlges ~f 10 r per day but nr;t bclcw. 
It i s  su~gcstec:  t h a t  the  leuker,.,ias a d  i.;iCary tuimrs a r i s i n g  i n  these 
? ~ h a l s  . m y  h e w  beun prrcluccc: by the  i r rad iz t ion .  
of in jury  re la ted  t o  i r rxl ie t i .cn i n  the heart; lune, l i v e r , .  kidney, 
bcwel, p a c r e e s ,  thyrcid,  trc?chca, skin, bcnc, w s r y ,  cr bone nerrcw. 

Tliis il1ustretc;s thc; vr-riz- 

A. PathclcFy - Chronic IrrsAZtia. P a t h o l q i c a l  ex2rinLticn 

C h w e s  i n  thi:. hci?.tcpci;tic systerii were nct irtpressive. 

Thme is no evidence 

Rikbits which hare received di.lil2.r dcs q . d s  c f  x-rc?,is.ticn 
. over ?. 1xric.d cf (.ne year c;nly, shGw sirAlcr charyes t c  thcsc  ncted 

cibcvu. 

D L ~ S  exposed t c  10 r m d  6 r per iisy fcir 500 treatiaents me 
mst 2pt t c  Y o  Jdth evidences cf hL,c,rrhzge presuixcbly s c c c d a r y  tc ,  
leuccpenic, thri;..bccyti:peniE, and bmc r x r r o w  hypc;plcsia. T a t a s  rre 
Cci-+letdy 6 e p l e t d  ~f [er.-i.ml cells. Lyi-.qh nodes sple- shew 
c c l l u l c r  deFlct i  Ln a ~ d  S C ~ Y :  hemrrhaCi.  
cn.reduccd bc.ne i.z.rriw c x t l v i t y  Crc cc:;icn. 
t h e  t e s t i s  i s  deplated cf Eperi..::t(..i;onic olcxcnts . 

s i t n s  cf infect ion Su.pddLqLsed 
fit leve ls  Gf 3.0 r, 1'.0 r 

Followjhg p i k t  experLents  c;rri.ccl >ut i n  r? 1;lbLrctcry elsewhere 
(see r e p w t  frcr.:, Cclul..bia p q j e c t )  2. p r c p z l i  wc.s i n s t i t u t e d  fclr t h e  
c o n t r o l l c i  chrctllc e x p ~ s u r ~  bf rcts end QQB t c  f m t  neutruns. The 
dcsai:.es selccted wcr& the cquivslents t c .  tht: p r u v i c u s l j  se lec t& 
expai;..ontcl x-rc?.-izticin dc isqss ,  nmely  0.1, 0,5, 1.0, 
pcr 2.a~ six Lcys vimkly. The equivdcnts  i n  n Goszg6s 2.m 0,017, 
0.06'5, 0.17, mi: 1,7 n per :.cy six C l q s  weikly. 
wGrc c;.rried f c r  c  ̂ (.ne-yet-;r F r i o c !  instcx-ci cf the  tv;G-yenr p m i l d  
uscd f c r  thc x-rzys. 

10.0 r 

Thc neutron expori;.cnts 

F i n d h ,  s wero s igni f iccnt  r.t; thc h l ,hes t  dcsace levo1 (1.7 n 
pur cky) i n  both th., rcts mi ~ L ~ . s .  
survivel  w:.s i.iuch i..'-rc . .~rkbd thzn th; s u i . p s i i :  ea,uivcli;nt L f  10 r 
pGr day, IGcrt,zlit:, f i i u r e s  i n  tht; r i t s  c - n  6.iff:icult CC i n t q x o t  
inc.s;rmch 6s  decth i n  i.,XI.y inst:.nci;s cwlC; n.;it b, a t t r i bu tu , ' ,  tc.. r p d i a -  
t i m  C Z i X + ~ ~ ~  
t h e  mL.-.cls at t h c  hii::h l e v c l  hc,; succunkii: with t y p i c a l  chm~j ' s .  

A t  t h i s  C"r;s;'.p t h G  e i f e c t  cjn 

the 12g ~ ~ r i t h  pir icd in k g s ,  hcwevcr, ell f i v e  cf 
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f No sijnificmt . . a r te l i ty  wcs cbserved i n  i i t h c r  s p c i e s  d the lmsr 
d c s z p  ltivcls. 

k t d a l  cf nine 1mker;ies was observcd i n  th? Ercup of 50 rats 
ct t h e  1.7 n Per l&y lcvel .  NG k u k d . a s  werL cbscrvad i n  .:cp. 

Cctertrcts wore fLri.,cd i n  :--mb vf tho rcts ct the 1.7 n p r  -3y 
leve l .  
lower sic sagc l cvc l s  . Nc ca tcr -  c t s  w a x  bbs.,rvL i n  t h c  & ( S a  Nc ePfYcts a t  tha  

Grayinc if t h e  h a i r  occurred i n  t h e  d q s  at approxkdctGly the 
six t c  sovm-r.cnth p r i d .  NG effect wf.s cbxrvei!  2.t tht; lbwer 2USEL;e 
l c v c l s  a 

at tho 1.7 n per  d q  l e v e l  thc sperr.1 were cl ininnted cpparently 

ht the lower Lccsep l eve ls  t h c  e f f e c t s  cn the spLm form.ticn 

As i n  the  cpse L f  the c h r c d c  x-ray cxporimnts ,  weicht chmecs 

LlGrg e f f e c t i v e l y  than et the  equivdent  10 r p r  Lcy dcsaje  c f  X-2Y.d- 
i g t i c n .  
were nut 2 s  s t r i k i n g  1s thcso fcllcwini: x-ralfatibn. 

were fcund t L  b2 of l i t t l e  value in predict in& butcci.x. 

B. Pathc1c;fry Fcllcwins Noutrcn I r r a d i n t i c n  - D r .  iAstcAf* The 
Gbsqrvud dc te  sv-;i,est t h e t  d t e r  irr- .ciiaticn of r n t s  c v w  c scvc;n-i.iLnth 
period at  1.7 n per d q ,  the l c c k  c,f cvL?rizn f c l l i c l c s  .:EY bo a socd 
c r i t e r i o n  Gf neutrcn irr:Lktim* 
?.re not ii.-l;rc:ssivc: cxcopt f c r  2trc;phic chznges i n  t h e  spleen ct tno  
1.7 n leve l .  
any othcr dcsece USe;ia 

ChL;nEes i n  t h e  he:atcpcetic systex 

Thi: tsstis is d&xxr;ed a t  t h e  1.7 n l eve l  but  nc;t ct 
Lukei;i;.s w i w  &Lc~.~ncsx', ES s t r t d  cs'irliw. 

D c ~ s  which h2.m baun ,iven 1.7 n par ;cy fr,r 123 ,:ic.nths shbw 
i n  *.:est instances c h c q e s  i n  t hc hci.:c?tdpcetic sgsta-1, t o s t i s ,  and s u n .  
ThesG chmges Ere i n  t h e  nzture c.f hei-;.-.rrhzce, 1y;:qhc;iir hypcplrsi,?., 
t e s t i c u l a r  da.;ai:c; mii b cno a r r  u t  hypcplmiin ES well 2.s dcpnarctive 
chmtes  m u n d  the hc i r  f c - l l i c l c s ,  Anirzls c x p s e d  a t  lcwcr l e v e l s  
shLw no chant,cs tyGiccll bf i r r t d i a t i c n  &u.g~;. 

C . CL.. ..bzr;:tivtt Study c.f L'hrinic X-ri;.LiiCtj.rx Chrcnic 
Neutron r(iLC;icticn. Su;.;lxry 

1. Dcst.!;~ f c r  Cl~s~i~i;', the chm;:es which m e  i . icht 
cssccizte  with irr: JiZiA.cn were ....._ rc: prc nbunced 
i n  t h . ,  n w t r L n  expc.ssL c?ni:..;ls thm i n  thc; 
x-irrpdi A ed canin&ls. 
Except f c r  thc Lvnricn chant;es i n  n a t r c n  exposed 
rats, .?.n,l t h e  p s s i b l y  s i p i f i c m t  hair f c l l i c l c  
chang3s , i n  t h e  n s u t n n  U X ~ . X , G C ~  dci:s, thc; t i s s u e  
changes werb qu:ditzt,ivoly the sc.;.,e i n  h t h  
x=rxiict i m  2nd n w t r i r i  r;.(&.t 6 , ~  mL..i:ls . 
Thz'frcqucncy c,f lcukb,:i;:s i s  reli?tsii t c  the dcsq'c; 
cf rxli.ctiLii i i i  both the  x-rcy cnJ ncutrcn p u p s .  
It Is pGssible t,h:.-t nciutron irr- 2LAi.m i-iay c m s a  
the:..i t c  2ppw.r sc Lner thzn .:c-rcdi2tic,n. 

2. 

3 .  
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D. Thc Effact c,f Chranic X-r;liLticn : n  tk Chd;ic?l C..nstitucnts 
of t h e  Bloodr 

The fcllcv,inc ccns t i tuents  cf the blccd w u c  Lcttri:ineu 2% 
frequent i n t c r n l s  i n  the ~ G K S  expLsclL t c  chrcnic (daily) expbsures if 
x - r x l k t i c n  a t  0.1, 0.5, 1.0, c2nt; 10 r per di?y six ,cys p r  weuk: 
s e r u  protein,  S ~ L L L I  chlmidc;, s e r u i  d k d . i n e  phcsphLtose, siru.~ 
c h d e s t c r c l  , s c r m  ecii. phcsphztasc, p 1 c s l ~ .  f ibr inelen,  2.n whcl\: 
blccd ncn-& r( tein-nitrccen, 

Dr. Kathryn Fink e t  cl. 

d t h a c h  f innl .and.ysis  cf t h t  Jcta hr.s nt,t been rzde, it 
ap, ears tkt thr;se cC;ipciibnts cf the bleed arc. n L t  s iLnif icc .nt ly  
i-ltcrca i n  cnii-ds txp,sd tc 622 trent,:mnts cf x=r<y 2.t levels 
of 0.1, 0.5, 1.0, 2nd 10 r per day. 

r 2 d k t i o n  mi; t c  c a l l i c r e i n ,  a non-t?,iclyx?.blc ccns t i tu tcn t  bf urine, 
a study 
t o  r c i i c t i c n  GL. q e  w e s  f bund . 

Beccuse c f  s i i l a r i t i e s  i n  the rer.ctj.cn cf d c t s  t c  

f c J l i c r d n  w c s  ,mie i n  &i;'s a d  rzts. Ik. c lear  cut r e h t i c n  

E. A t t c n L t s  t o  Dcter;.ine t h e  Presence cf :. Circulat inc Substcnce 
Present i n  Blcccl fcllcwinr. Irri.d?ki.m. D r .  Jchn S .  Lawrence ~ n d  
Captain Will.ic.I:A V&xdAnc. 

t c  Libtarin widcnce f e r  cr a l a i n s t  the presonco Lf ccirtcin " indirect"  
i r raci ic t icn e f fec ts  . Twenty-six successful c rcss  circu1.-.tion experh 
i m n t s  (czrc t id  m t c r y  t c  carcti,: ertery tnasta;;;osis i;.? c c t s )  htlvi! 
been pcrfc;rr:icd bctweun n c r i z l  zrd i r r z d i c t x l  e.nLcls . 
t f o n  was ost?-blishocl i n  wst ir&mces at  SCLG specif isd ti;..@ i n t e m ? J  
a f t e r  t h e  r s d i a t i c n  cf cnG Pmtnsr .  
a f te r  i r r z i i e t i c n  ware cclvercd. 

The generr l  ci;., cf thc investigctiLns hem repcrtcd has been 

C r a s  c i r c u h -  

,ill intorvels  up t u  62 hours 

I n  seven s x p e r i u n t s ,  cruss  circulc-tic n wcs e s t r b l i s h d  cnl 
thcn one ? n h a l  irrr .diatcd whilc tk;c L t h m  w r s  s h i d d d .  These werc 
ccnddere;. the  I:.( st  c r i t i c d  cwtri,.Lsrrts t f  th, 
on a 1eucccy"ce and lycphccyte ccunts i n  t h b  ncri.:rl r n i r z l  n.btrurecl 
durinc ~ " n  approxir..pAdy 28 dny p r i L  . f fcllow-up : l o a  nc t support 
the t h e s i s  c f  inclircct c f f o c t s  p c u l i x  t c  r,n.dicticn. 
a s l i g h t l y  kwercd LbsLlutt: ly,:.phocytc: c m n t  i n  n,n.,cl cninds c f t o r  
c rcss  c i r c u l a t i c n  w, s nct ccnsiclLrd s i  nificLnt. I n  nc i n s t m c c  
&J Lcuccpcnic?. , l~:v; l~p i n  t h e  ncr!:dL r.nLx.1. 

rcup. Detzi.lec! dntcr 

n trend tward  

F. Thb RLtc c f  Ut i l iza t ibn  Lf B ~ L c J , ~  F le tc ld ts  i n  t h c  
Tlircr-6openic C a t  D r .  Jchn S. Lawrence m,i C q h d n  Vdcnt inc ,  

Tkc r a t e  cf u t i l i x c t i c n  Lf b l m :  y l c t e l e t s  i n  rcdietd, 
throtlbcpcnic c a t s  h m  been I A . ~ ~ m r ~ d  d r c c t l y  , Thrcnbbpnic c^.nL.cls, 
incapzblc ( f s i , n i f i c m t  pletclot rcc  unLrrAim w r c  crc ss c i r c u l c t d  
v i a  cerL ti.. t<. c.:rLti.l m r s t o  ... a d s  w i t h  n a  ..A :LIZi l . . ~ l l~ .  
t c  inilepcncient circul:.ticn, t h z  r t b  
c i r c u h t c  '. pl;*tclcts wf.s ;x%surtte.. by p i r i c d c  ccunts. 

,.ft .r m i u r n  
Ss-ppcercncc I f  c rcss  
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By this nethcd i t  was possible t c  elevcte  the p l & t e l c t  c a r i t  

anywhere fmn 100,000 t o  arcuncl ~00,000 p l a t e l e t s  p r  cubic r f i l l b e t c r .  
The highost ccunt cbt2inc.k f d l m e d  crcss c i r c u l c t i c n  with a aplencctc- 
Lieel; m L x i L b  I n  mst i n s t a x u s  thc  $ztol& l e v e l  2tt.xine-l WES within 
the p h y s i c l q i c  rmte cf t k t  f L u n c ;  f c r  ncri.cl cats by the s a e  Lcthod. 

the c i r c u l 2 t i c n  cver B twc tc. 2. s l i t h t l j  ,*.c,re t h t x  f a r - c k y  p e r i d . ‘  
Under t h e  conditicns cf this cxpbris,ent t h e  en t i re  p l z t a l e t  LICSS h~u1.i  
have t c i  be replaced thcrcfcrc c v c r j  ti,b tc,  f i v e  dlys. 
prcbably apply m t h i n  e n:rrci* h i t  t c  th;: ricri:Acl cct . 

The c r c s s  circulc tcd platelets rcducl ly  disr7pecred frm 

The S L A  f i turd 

2500 
rate  

The averqe rc.te cf p lLtc l , t  u t i l i z a t i c n  WLS apprcxil.lately 
per cubic IdllLLeter per hour. I n  s w c n  if eight q b r L . m t s ,  tho  
,.f disappeerence variu:. f rcr:. cbcut 1600 cubic c d l l i i x t c r s  per hcur 

t o  a b w t  2800 per  cubic ifillil-ater p r  bur. 
usiq:  e 8plenectc,idzed Ccncr, t h L  rcte cf diseppecrance wr‘s abcut 
double the a v e r z p  f L r  t h e  rist c f  the group. 

I n  the expcri;.unt 

k t ten t icn  is  ca l lod  t c  pGsSib lC thercpeutic ir2plicctirns of 
these  f i n d i n p  i n  th~ t reati.,ent c f idicpathic  thrciAbcpnic purpura. 

G. Furthsr Studies on t h c  Ezte cf U t i l i z c t i c n  cf Cross 
CirculGted Leucccytes i n  t h e  kuccgenic C c t .  
a d  Ccptcin Willizr.. Vclcntlnc. 

D r ,  J c h  S .  kwrcncc, 

Studics Ere i n  p r c i r c s s  2nd are nct y2t retb,y t c  r e p w t .  

I 0 2 4  I24 



1. ACUTE MPGSURA 

On tho  basis of 200,601 t e s t  cu l tu re s  f c r  l e t h a l s  i n  the  X- 
chrcr:iscr;e of t h e  frui t -gly-Dros~phi lz  rxlanq?.s ter ,  cf which 
73,901 f rm f l i e s  i r r c d k t s d  at 25 r, 31,360 at 50 r, 23,195 at  150 
r, and smller  n u i h r s  ct 500 r, 1000 r, 2000 r, 3000r, uid 4000 r, 
it h m  been skvm thc.t t h e  l c t h r l  a t a t i c n  r a t e  i s  d i r c c t l y  propcrtion- 
a1 t c  tho r - d c s z p  w e n  f b r  t h e  lcvrost dmcgcs usocl. Wo are fmced, on 
tho birsis cf the% findings,  t G  ccnclude t h c t  t k r e  is nc tc,le-rtnce duse 
cf radiilti.cn belcw which .-vt:.tibn dbsc nct bccur. 
t h c t  a doszge cf c?bLut 35 r ac tua l ly  ctcubles the  m t u p l  l e t h d  mta= 
t i i n  rate in flits. Less extcnsivc ckta 6n v i s i b l e  n u t d i m s  Seeu t c  
show t h e  s m i  r e l c t i w s h i p .  If these  f ind in t s  can be shcm t o  k v e  
t r ans fd r  v d u a  t c  t h e  o f f cc t  o f  r c d i c t i c n  cn the  hut;rul race t h r u q h  
t h e i r  cooroboreticn by expxirxmts  Cin t he  ucJuse, a  amid., then  it be- 
ccnes c l e c r  t h r t  r ad ia t ion  i n  k s a E e s  w h i c h  m y  be t o h r a t e d  by the 
bcdy cf ratxi r z y  hcve Ciim e f f e c t s  upcn the h u m  prn-plasr-h erm 
cf society and t h e  h u x n  rcce the r i sks  can cnly be stated wh 
s t a t i s t i c  Gn thc prc.Fcrti.cn cf individuals  cf reprcductivo %-a e~pcsed 
tc; lcw dc;seCs r t d i c t i c n  i s  intrc;cluceA Fcr the  inc?ividual exposed and 
his descendants, tk r i s k  i s  cbvicusly imch [;reatere 
bo cc re fu l ly  cinsirfored i n  any prcpc,scd use cf 0tCrA.c enerCy cn a large 
scale .  

Our data  ind ica t e  

These fects should 

Experbents  were c m r i d  cut t o  test tho lethcd. i a t n t i o n  rate i n  the  
X-chrLu.i(;scL.e cf Drcscphilr? under the influence Gf low ;Loswe8 of gwr;lc? rays 
spreell w e r  c cLnsidcrcble tir:.e. 
f c r  t h ree  weeks ct a & s a p  r.f 24 r. units per &y. 
52& r. uni t s .  

and cf 52,182 t e s t e d  X-chrc..,bsuxs f rw:  c i n t r o l  flFos, nr; s ip i . f f can t  
diffcrcnce i n  t h e  bthd rmtat icn rate betwccn cxpcirizmtals ccn- 
t r G l s  WRS fcund. These resul ts  seen t c  be d i f f e ren t  frc:.; thcse expoc- 
t o i  according t u  tho v ,uk  cf Spencer. 
differences i n  toqnrc ture ,  i n  ak;ing c f  t hc  spem., betwecn the cct i ,ns  
bf X a d  gama rays,  c r  t c .  L i f fc rmccs  tctwcen tho  z c t i v i t y  cf chrcnic 
vcrs is  acute  expc,sure E - t  lcw dcses. 

Flies wbro irrc.3;tod with rccLLuu 
The tc,tal dose wcs 

On thc  b c s i s  tf 48,646 tested X=chrbiA.LS(,ries frLi:L i r r c & c t e d  f l i e s  

Tho diffarencc iay be duc tc 

Befcre it ccn be c~nc1uc-o; th2-t chronic cxpcsurL t o  ;.:hut= doses 
uf r ad ic t i cn  is sc?fc frC,., a L-enctic pc in t  L €  vitiw, it w i l l  be ncccssmy 
t c  excluie  thc. &hur j ,u%ibi l i t i es  indcr. to.i  cbcvo. 

-.. . 
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REPGRT OF WETICS IjiVISIGN 

General Back mtund 

1. k hman sprr.. c rn ta ins  24 chrcr..csc:.os. 
l l s t r ins l t  cf S c l m  hundreds of  eenes. 

Each chrcr..oscd;e ccntains e 

2, 

3. 

a humn eeg contcins a sk.ii1z.r s e t  cf chrbr,Lscznes mc! genes. 

so i n  t h e  nucleus cf i fertilized ecc there  a r e  48 chra.~oscmes al to-  
gether - 21, hinds, eech in duplicate - and perh2pS 10,000 kinds Gf 

genes ala each i n  duf-licete. 

Each Lene k s  twc min  types bf acticn: 

a. Each cztelyses  sorrAe p r t i c u l a r  cheidcal process, given the proper 
mtcrials. 

b. B c h  r e h p l i c a t u s  i t se l f  at ,  o r  scme t im befcre, each c e l l  ;hi- 
sim, ( I n  t h i s  l a t t e r  LcticJn the boncls betwean genes i n  t h e  sade 
chrcjLlcsc;L,e slsb reciuplicLte .) 

4. 

5. So each new cel l  L f  a devclcpini erAryc is equipped with 24 p d r s  r;f 
chrcwsorxs with t h e i r  asscciatd Gems. 

S L ~  € e m s  cci..e i n t o  ac t icn  at lr shLrt ly  a f t e r  f e r t i l i z a t i c , n .  They 
opcrzte i n  c l l f i d d ' t  of liuiteci c a p l d t y ,  i .e, ,  t h e  cytoplasr-dc 
differences already e x i s t i n i  i n  the  f e r t i l i z e d  egg. Their a c u v i t y  
probably increases t h e  regicnal  <iff arcnces a d  per::bts Gther terns 
i n  t u r n  t c  ccr.ii: in tL play. 

I n  pmtmd, d f f s r c n t  b a t t e r i e s  cf cones CCI.,C i n t o  nct icn ot di f fe ren t  
tii.c3, i n  difforent  c e l l s  cf t i s s u ~ s ,  EL: fr.r varyin[: in t - rva ls  doter- 
&lei by whcn LulC where the ra tcr ia ls  fLr t h e i r  bperatiun bscct& avail- 
atlc. Sme genes perhaps r a i s i n  inzct ive u n t i l  lijnc crtur b i r th .  

Xost, if nct all, Eenes CZTQ vory s l i k h t l y  unstable. 
a d l l i m  doscanclmts by re,uplicaticn fru.; n sink-le cri,. .inal &,one per- 
haps cne c r  c. fovr w i l l  b v e  r?. somwhct d f f c r a t  s t ructure .  

6 ,  

7. 

8. &JUW f c r  exauple 

9. Once gene hcs unilbrLLnnc such c chaw0 (i.stcrticn) i t  reduplicates the 
c h a n l ~ ~  s t r u c t u r e  t h e r e d h r ,  except fkr the cccurruncc of fur thor  m- 
t a t  ien  . 

10, h t a t i c n  probcbly decreases the c c t n l y t i c  a c t i v i t y  if pm3e.  
rmtant Gene El a c t s  i n  t h e  suLe prccoss as the  noriial gene h frc.;-i which 
it, arm?, but l e s s  effect ively.  

SG 8. 

- -  ll. A & i l e  wh~ inherits 3 nutrznt -,&I frci.1 cne pcrent ad t h e  n w m l  gcn0 
&. f r u *  t h c  i t h e r  > ~ ~ n t ,  i.By or m y  nLt shcw e f f e c t s  c f  t h e  L i U t a t .  
.I 

a. If 2; c e l l s  a b L  tL J c  u r e  cf the  s p c c i f i c  L-catdysis  than is 
necessary, LQdf c e l l s  rxy be & l e  tu J c  encugh sc thc.t the presence 

IO24 1 2 b  
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13 . 
u* 

15 

16. 

1. 

cf Id' is nct indicated - -  by any dsviatibn fmiA ncr ra l  s t ruc tu rc  o r  
function, The m t a n t  ~1 is said t c  be  recess ive ,  

b. If c e l l s  clc jus t  encugh cf the  hi-catjlysis, L L i  W i l l  not ,  Sccic 
mbrycnic prccess  w i l l  devicte  frcr-, i t s  nLri.ial cGurse anLl &Lie 
d e t z i l  cf s t ruc tu re  G r  funct icn will buccrx cbncrml,  t h c q h  nGt 
necessar i ly  harnful.  k cutant clf this s c r t  i s  said t c  be doninant. 

M a t i o n - i n d u c e d  i-utmts, l i k e  the  spmtznwus ,  m y  be e i t h e r  re- 
cessivb cr L r d m n t  a 

In i~an, thG p o t a t i d l y  (;221;ercvs n u t m t s  are t h e  &.Anants, a d  t h e  
r cccedves  i n  t h a t  cno p i r  cf chri-ncsciaes which Setcrrd.nes s e X a  

A third class cf p c t a t i a l l y  d a r ~ e r o u s  i n h s r i t n b h  changes can be 
in;lucGd by raui;.ticn: chrb1.fiscr.ie m t a t i c n s .  
of f  one chrL-.L%r:.e and at tached t c  an&hera 
i n  s i t u .  

Thus, . i n  c spc rn  which h a  beon expcsod t c  r a d c t i c n  any crio cr hime 
cf m y  thcusands bf gene t ic  chankos g bccur; any c;f the  thcusands 
of cones r a y  sut?.te ark chrcr;lcscr-les 4my bre& xd ro-attsch at 
t h e  thousands cf bends betwom Lend .  

Since ony one cf these  c h a n p s  has e very lcw prcbabi l i ty  a t  lucderate 
exposure, the m j c r i t y  L f  expcsLL spern  w i l l  nct undergc any mtatim. 
I n  t h e  rdnor i ty  which affw3ied bne eene w i l l  riutatt. in cne spera, 
a differ& ,-em i n  m c t h e r  ~ p c m ,  i n  s t i l l  a t u r d  ce l l  thore ?Vi11 be 
a C ~ ~ C L I L S C L B  r-xtaticn,  eni so on. 

k piece i4cy bo broken 
h soct icn m y  be invertod 

Chr~,..~scz;ies m y  exchaq e soct icns  

Gf 

Experirant :l Prc ce&r e 

The Eenerel plm c f  t h e  work is ik:iCated by tho  fc l lcn ing  table. 

CrLsses reade at Rtches t i r  
dta 0 x 4 057 OU 

+s 
(rayed 
daily) 
F1 00 + F1 GO . albinc; hybrids 

(eutcpsied ( b r e i  fLur  
44 

n c t  bred) tir..es, then 
z u t c p i c d )  

I1F2I1 l i t t e r s  testin!; f e r t i l i t y ,  and i:-cnetic 
siCnificancc cf eny alm,rr:ditics, cf t h c  F1 
c r A . n u i l y  3 s  ccrdcd c few dws after b i r th .  

1 0 2 Q 1 2 1  
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2. Gene 2nd C ~ ~ G L L O S G ~ .  m t a t i c n s  which x c u r r c d  i n  t h c  spcrr;: L f  expcscd 
md c o n t m l  r.iale3 were detected os fo l lcws:  

If t h c  spern cc.nt~Anei a 

d axinant gene ;nut a t  i c  n 

The e f f e c t  i n  an LffsprinL 
fcrned froi.. that sporn waa 

cteviaticn frori nw:+iil struc- 
t u r e  ' ~ r  f u n c t h n  

nono i n  F : but half  cf t h e  
FJ 

recessive Gene nute t icn  
in t h e  sex chroncscne scns of a r c  iJffectcG. 
( t r a n s n i t t c i  t c ;  FQG F 00) + 1 

ChraxmcrLe rmtaticn 
( t r a m d t t o d  t o  Floo c r  $9: 
- studiod cnly i n  rp) 

reduc ed f e r t i l i t y  

3* I n  br ief ,  the  prccedure wzs t L  hunt c~rong the clffsprik, bf q o s c C ;  and 
c m t r c l  i .dc  lriice f e r  -- 
a ,  
b, 

C. 

Sons c0.1-L dau,jlters with SCI-Z a b n c r d i t y  :-f s t r u c t u r e  G r  function; 
Jsughters rzcLhrciw' & f i n i t e l y  fewer t h m  ncrcz.1 cffspr ing in f c W  
l i t t e rs ;  
daughters producing d y  h d f  as r..any scins as dcughtars ( i . e e Y  

~ ;CPI  &tiers receivins sex-chnnc~sc,..e r c c a s i v e  mtants with Ir: thal 
e f f e c t s  .) 

4. The pmicechro w a  ccrlLliccted by twc r A . n  fcctczs:  

a. a l l  cif the  e f f e c t s  cf ;..utmt tencs  c r  chrcrlosacs nzy be dupficzted 
by developi.znt c?l cnct y~6t-natnL accidents quite indcpmdent ~f 
heredity; 
t h e  e f fec ts  cf mtmt Genes r m p  fru,.. l m ~ e  and  conspicuous &wn t 
very s l i c h t  ani d i f f i c u l t  t c .  cletcct. 

b, 

5. So the  prccedure invclvcd a fcuble s i f t i n g :  first,  each F1 r-lcuse had t o  
be c l a s s i f i e d  as n c r m l  c r  abnLrmJ. (with r e s p a t  t c  the t h r w  cri teria 
i n  itcrn 3 abcve:) sacmd,  t k s c  c l a s s i f i e d  2s ;bn..rnal hcd t c  be tested 
t c  cletorr-dne whethtr the abncrr.-Elity was hertalitzry r,r nc t .  The l a t t e r  
J i s c r i u i n c t i c n  i s  p c s s i t l e  kecauss t h c  heroYtery c b n c r m l i t i e s  are 
trmsidttec ' ,  by tho individual ccr ry in t  then t c  h z l f  ( f  i t s  cffspr ing,  

Results 

1. The e s s e n t i a l  r c s u l t s  crc shcwn i n  Graph 1. 
t h e  p r o p r t i a  cf sperc, frcrr: c c n t r c l  ri;clos i n  which t h e w  wzs E. cutant  
g a c  ir chrc;:..cscr;e, 
c/f rnutait beerin; sperr, fnc n d e s  recelvin, 0.1 r/cl,sy. 
p l o t t e J  at,Lve that I-cint cn thi:  ;,sc scz lc  vYfiich rep'esents t h e  a v e r q y  
t c t a l  r c e n t K d s  reccived by t k s e  sptn. ,  f rcci  which the Lffspr int  cf 0.1 
r. r . ~ l o s  h a l  been fcrrie:. The rwAninG p c i n t s  represent ccrrespcngint- 
data f a  spcrn c f  rales c x p s t d  t c ,  0.5, 1.0 cnd 10.0 r / k y ,  

The l t , f tbst  pc in t  shows 

The next p6int  t L  the  dt h t  shcws t h e  1.rcporti.cn 
This pcint  is  

I O 2 4  f 2 8  
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3. 

4. 

5, 

6. 

7. 

The s lcpe  cf Graph 1 is  t h e  p robah i l i t  per roentken tht a ciutaticln 
(of tk mapnitude snL types we  s tudied 3 w i l l  occur; t h e  Value is 
644 X 10-5 per r b  
1900'undergi mu ta t im  i n  cne c r  v lc ther  gene cr chrcmcaam, 
of t h e  unaffected sperr.1 hqpens t o  be used i n  f e r t i l i z r t i i n ,  nfi harn 
has been &ne;  if cne cf t h e  sffectccl, t h e  resd t  w i l l  be one cf t h s  
zbnorna l l t i es  l i s t e d  abcxe. 

The mutaticn hazcrd incticetcd by Grcph 1 is lcwcr than the true vdUC 
because o f  defec ts  i n  our p x e L u r e .  
were not tested by breedire,, nor were z l l . d e f e c t s  i n  Fl$$, because cf 
space and t ine 1 L i t z t i c n s .  
be scue Cue k icmintnt jcne ratcticns, .  Since m y  p r t i e u l a r  nutzt ion 
is nct  l i k e l y  t c  h2.v; c c c u r r w  mre than a f& t h s  in t h e  experbent ,  
the nissec mtants shculd be c.rsnL those aberrct icns  which were n c t  
found r i r e  then a few tims al together .  
as in Graph 1, t h e  prcpLrticns c f  spern f r c n  which were f c r m L  Fl@ 
rdce shcwini; soue type of s t r u e t u r d  abnc r ra l i t y  t h a t  agpeared 
altoEether f a r  o r  fewer tines at.me the U,OOO F1 d c e  emdned. 
The increase i n  prcpcrtion with i n c r e d x  dcse can only man gonetic 
effects of t he  r a i i c t i o n  at 2 rctc G f  abcut 4.2 X 10-5 per roentgen, 

Thhs, cf e mi l l icn  s p m  ~ ~ L / S B C .  t o  30 r. ab& 
If m e  

Abncrnali t ies f u n d  i n  F1 GO 

hont ,  the  untested a b n o n a l i t i e s  should 

Sc i n  Grcph 2, are Slcttcci, 

kddiry, t h e  twc w.1ue.s tLg6ther Lives an  cvercll i-utntfcn hazard cf 
1.1 x 10.4 Fer r. 
or chror.mc;ne r.urtctitns with s m l l  e f fec t s ,  

T h i s  value s t i l l  excludes recessives  ard doninants 

Thre tctal o,utcti.cn rcte is d i s t d b u t e d  rcughly as follows micn.g the  
several c lasses  cf nutzticjns : 

d d n a n t s  with s t r u c t u r c l  e f f e c t s  309% 
recessive l e t h a l s  i n  sex chrouscce  20% 
C h r  0I;LGSCLC: I3Ut 2.u C;n 9 50% 

TWG Gijcr uncertr?inties r e r d n :  

a. 
b. 

Is thc X-rqy nut.?tic,n r c t e  i n  ~ i a n  es h i ih  as i n  uice? 
VWt p c p c r t i c n  cf t h e  r,lutmts we h&vc fcuru! would bc sericus 
i f  thcy cccurred i n  nan? 

Gbvicusly, ne i ther  quest icn cGn be 2nswercd. With respect t c  t h e  firs' 
we r.3.cht b e t t e r  wmk t n  the ccnservctive nssunpticn t h e t  t hc  m t c t i o n  
rcltii w i l l  nc t  be lowor i n  nnn than in c ~ u s e .  On thG sttccind, it 1:dSht 
be wise t c  take 2. sLi lm a t t i tude .  Certainly,  i n  the  c rac ture  wbse 
genet ics  we kncw best ,  - -  Drcscphile, near ly  evory nutant  ~ e n e  h2s Lele-  
t e r i o u s  c f fsc t s .  vJe LEJ f i rs t  nc t i ce  the presence cf i?. autant by an 
r l terzt im cf  Sciiic cincr  i o p h c l q i c d  clutFAl, like eys cclLr, but cn 
fu r the r  study we f i a .  t h c t  s u p c r f i c i d  c h m p  tc be acccnpanieJ by a 
greater  cr l ess  r e u c t i c n  Lf gunma1 viLcr c r  of l i f e  spa. 

If w e  take t h i s  view, we cre  fbrcoi: t c  wcnclsr whether a h u m  cxpcsure 
c f  0.1 r / d q  is acccpt&-le.  
of t r a n w i t t i n g  a new s u t c n t  i\ .ns f w  o x h  100 r a pczront has received. 
a t  tii. ,t? cf ccnccpticn. 

It L,i;cns an  increzse  t,f 1% i n  t he  hazard 

5@ 
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. 
E. yhysioloi icai ond Clinical Lifects of Single X-rq Ucsea cin i)oi;a. P a t e r ,  

kresaer, Barron, Schcutz w.t Jcccbscn. 

K. 

L. 

E. 

*. 
Ai . 
C. 
c 
A. 

8. 

S. 

Acute Lethal Action of X-rep on Guhsa Pip end Birds. 

Thttriipy for a d  Froph$lcuds Agdnst X-rq- In) ries. 

HaLeir. 

S h : m s ,  Prmeer, Sacher, 
E ezrlcan and Jacobsc 2.. 

Hiect of &e cf Lice cn the L;er l i i ;n  Lcthd  Cose cif C u  ifsys. Curtis and 
Zlrile. 

Effects of X-rqs on khenylhydrazine Irlxluced kiwzicr in kttits Jacobson, 
A r k s  a:d Sirzcns. 

Effect of X - m p  0:. the Lfe  Span oi' the Reticulocxte bt V i t r o .  Jacobscjn 
ana. ;.;rks. 

1 0 2 4 1 3 3  



S. &prhep.rir,a?,ia. U o c  . 
FF. Rffeat of Ibdiation on Lung Tumor Inoidenoe in CF 1 ::ice, by Y. S. Usnaham, 

E. F. Mley, G, R, Stapletun, and '7. B. Cupp. 
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the f e d h a  tcnded t o  d e  foster ac that ;t the end &t thie p d c a  

them wocl Zttle difference in the mortality of the sexes. 

tho l ife of the t.Jtiesls t . ith the increaseu dove of raLiaticn %as 

&nificant. iieava anit;is temcd to survive lower thsn lkht 

~_. .7 - - c 5 6  



. 

The ;!lr.teiBt8 &row i . i n h g ~  levels b,etz.een the 5th uri 7th dqs at 

dosa&es o f  5 ~ 0  r Qcyi &ova. 

L 

Statistical anolxses of the hw.aLcloCical tiit& &re not ;et 

E .  b t h d  Action of Sinrle and Paired iioses of bradation on L c c  
by S-er and Hagen 

In s i q h  uosee, the  L50 for  3U days fcr CE-1 fenale $ice 

is spproxhzakelj- 515 r. 

1943 had an U, 50 of rC50 r. 

later then the dove d;te shovied an Lij 50 of 5,d r xithout c h q s  I n  

teclxiique. 

in a certzir. strdn cif ~.b..a.Ls. 

HEC r.ice. 

nBC rdce ahich 'iiere exiosed before ii::ril, 

Har:ever, ;..ice of tke sane stri,iri rccelvoa 

This rsuld  indicste that  there is scge n r k t i o n  evon 

;.o scx Lfferecccs i;cm ncte, in the 

FolicsinG a psired Boee of x-radittion in ;;hich the scccttd 

dosage of sadistion T.-ELS uaitlistereu iftcr c ;-rcGetercJr,ed rcIovery or - 
I0211 1 3 b  57 



at-rd.atfon is not coQ1etec.l. 

lo$cal c h m e b  cbsonted i s  Eiven. 

;% c r q b t o  account of the histoptho- 

tion of tM W a n  letW Cow (I& 50) at  me, tv.0,  a d  three u’emc8 

after the 5 r a t  a0860 A plottw af the rusults shc.xerl that the 

rtrsidual effects iftcr the Mrst dose cecreaseci expcnenti;;il; ;Lf 

a rats of 8.2 Fer cent p r  day. This rate was not nafntrrfn8ii bd7011d 

the three ~veelc ieriod. 

In the expel.imnt on periodc doses of x- r d a t i o n ,  a n i d s  

zero given dili ls  doses of 12.5, 25, 50, 100 (trio doses), 150 (*:io dosub). 



a n  he mads of the findngs in t h i s  rq:crt. 

In @ n e r d  there is a t e r ; , iu l  rise in thc h e a r t  rztte, temper- 

ature a d  a fall in blood pressure 2s a shock-Like state devdops. 

(This should bo cistfngtiished f x o  the priisry shock that rievelcp in 

certain species exFosea to x-rediction). The blooci voluie snow n f a l l  

1 0 8 4 1 3 8  



a8 n n . l s  r6ceiving 8 sb@e lethal dose. 

total  of 917 r received) the survival cas 1& to 20 dkqs. 

level (wwege total of  LO r received) the tinid.s s;ioci in 24 to  

dqfrr. 

died in 27 t o  4; days, and tt the 12.5 r levcl (avcrqe t o t a l  of 1278 r) 

A t  the YJ r level (averc&e 

At the 40 r 

At tha 25 r level (averwe tot& of 92C r received), the ar&&s 

of the KMte Clcod ce i i s  x i t h  Lho hetercphiis 
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gret-ter thm 25 r a;. 
chaqps occurred efter e , p r o v i z ~ t e l ~ -  65 to EO per cent af t’ne cwe hcd 

barn o c c d a ~ c u .  

In the 25 r a id  12;5 r group, the wt&ht 

Car:.fiets a t i d 8 8  as outline4 in the preceodi.rqg reptrt on the 

physiolol ical a d  clirdcal el‘fects of’ s i q l e  x-rt; doses t.-Ure cb.rrieb out ,  

but zside frvn the kbcve kccount are noti $ e t  sufficientlj? c q : l e t e d  for 

x-rc;diaticn in doses rmdng ircc 2 r to i 2CC :; R e  c.ec5a.n Icthal dose 

I O 2 4  I 4 0  



- -  

first wc&s after irr~ui&tiuA, in cocitr:rst tc the sc.rcit, of such f indings 

auraUan bl&, the dlfrarence could i;ccount 011: in part f o r  th6 greater 

Sirriilrr studies ccrrbeci out on six :.eeic'chickens showei; i; veT; 

the first 24 hours. 

lutarlerin6 fhctors  

The ..auiau ;eth;i tiode u s  not 



_- 

Fa& E 

(t8 

of 

in 

The &q,hocyte aad hetero1:hyl counts txre t ~ l l ~ ~ e c i  t r ~ ~  inAice8 
.* 

to'the-extcnt of the injuq., ilnd the value of eny beneficial effect 

the injeoted substame.. 

tbao blood c o u t t s  sfter i r rd .&Lion.  

Eone af the trertr;;snta trenrented fi  decrease 

24c;roal saline h j s c t e d  in 

b8u exi;oasd t c  p.,aa rays in an effcrt to deter;,ine the c h a p  in 

ra&osen&tivit; c i t h  age. The dose necesscr; to c a s e  50 per cont 

found to.be ;..ore resistant thm the -ales. 

6 3  I 0 2 4  I424 
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U three species, ;he r;:L.iL, i;ul,c.et. s i g ,  

eiael; dfferent re: cticcs to i r r L L - k L i c f i .  

inii ... cuse, shovr 



tctal dose. The 2.2 r anC i o w r  ;osea Y;&re ni;r:;iLtl r=t tiie 556 r tots; 

dcse pericd. 

The elfect cf the C-liour exrosuro vas tdightij .  J ,A~re  severe than 

66 



n 

.- 

of red cell f'oriatiu.. rciieri the cssuqtion is mcio tkt Ohs averqe 

red blood celi hae tl Zfe of ICW ciqs, E co,..plete cescrction Of 8r;thrc- 

poesis should resuit in ir crGp of t i p a x L a t e k .  1 Fer cent of the hemclotin 

dzily. 

rqiti period. 

ActuilQ B txc tc seven Fer cerh 2 i L  l.s c e t c i  uurirq t s  ... ost 

V. The Effect of Radiation on Ccwccorphyrin hcreti .cn tj , ~ t e o r i ,  
La&&&, ana sChr;wtz. 

The elfect  of ejiternai irr; i z i i o n  civer, i r s  either sincle 

(300-2000 r) cr r iul t i ; le  Lcses, x id  cf i n t e d  irrwALLcn has beeri 

studied In scverai uoza-i ; ; G ~ , s .  A ixnsistent ptterc of t c t a  yorpnyrin 

excretion has been lcuna 2s :o I lo~ .s .  

1024rlb 
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For several days before math,  hor;:evur, v:.lues r i s e  a n i  GonoraQ 

are several hundred l.:er cent d o v e  ccntrcl vdues b: the da;. of 

death 

Adequate iscre7 studies Ere cot ret nvdlakle  t b  l e n d €  0 

statecerrt rel;+.rdinl. the pcssibie mchcnist. cf the  ol;rly uecibe. 

The U e  iricrehse in C G ~ ~ X  excretion is uncicuttedly mtloci+ted vAtI4 

liver y sfuucc ticn 

Liver function has been studied in hwms br of the 

urine nrobilinogcn excreticn and the s e m  ce&fu%iin cholesterol 

f locuhtion,  coUoidal gold, and thpol  turbidit; tests. 

only the urine UrGbil iKIOgen test hes been found t o  be applicable. 

In anhals 

There ie a &ked ;increase in the urine urobilinugen excretion 

during the last several da;a before Geath cf C n b A s  ,.ivcr. tttd 

bwy x-rq . klutor.iuni produce& uetiiLte iiver a;sfuneti.cn as 

indicated by tbis test. The variow esteciall; bor;;Utrcr 

and lead produce liver Qsfunction d var;in& decree, 

X. The U f e c t s  of bdizticn on & i t e  Bitoc. Ceil Cstotolisn, by 
Schwarta, Chenej, Gohcr,, UeCraaia, Flox, Idzttk,  and ,r.attmbr&. 

These s t u d i e s  cere planned espeai i i l ly  fcr the investigation of 

the nucleic acias ana their derivhtives a i d  asscciated C G L ~ O W I ~ S .  

,;hi&e coils were isolzteu b ~ -  the saponin Gethod. 

into  vmicus yartu, mr.l~ses; teing a:de c.n the ts td ,  saqle, the tri- 

chicrccetic &ci5 solutls  f r tc t icr . ,  thc d c o h o l  soluLle irzcticn srd the  

They t:ere LrOkwi -o;a 
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ribose, destxyribcm I tit spctzurj 
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%"" 4.3 &er cent [Teeter t k n  in the cmtrols. Thus the rotar&ticn i r :  

. re. ter effect on art:tr,s kr.c.v:n Cc Le rvAc.sr;nsitive. 

xath lb0 r of x-rtr; (2Wc;-.VP), the emym is  inhibited. Additicn of 

glutathione, hmever, c wtainhg excess SA Groups rosc tfvatce t ne o m  yi;e 

&her,ot:.enan is noted, If the eioscr1.e is iarge, B &notur&tion of the 

protein of irreversikle mture is notoa. 

Tissue studies show t h t t  uoses as s..aii as 25 r ViiU cause 

chances iz the resFirstion of l iver,  kic;t,ey, gad intcstim. Such tissues 

show no patholoLicu c h a p .  

i n  iu t  little as three hours after exgosure. 

contairLng SH croups ;;ere iXst affccted bcth in vivo and i n  vitro. 

Anir..als irradihted wid kilied ZL vaming intervals GftLr the ex&osure 

TL s effect is coted in the intestLie 

The t i s s u e  eaqt,es 

continued to shcv: rather ;..f.rLcci effects in those 



TiA.8 a b n o r d  LleedinC catr tc omtrcllecl or :revent.ec i; the 

aWnistrutioTr of LduiGino blue. 

the iiacorrha&ic state, 

The rrofound thraSbocytopefiis. associateti -..ii,h this L;i sea88 

q p e a r s  t o  ,rlux iittle if afi2 role in the Llceui;.C. Lcnacncj. 



I , , ,  

~ 

w&&l of those thtit i;rort tui..ora was bctwen t::.c End three, and 

(5) the averqe ir.cidence of 

o f  aex or ti8&..ent PICS a! p r o ~ z c t e l s  60 icr cor&. 

::ith Auri; tu,.ma, irrcqoctfve 
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&sa is Their Acute hths3, . H. Racer, E. P. a les .  and 

be unity i f  fast riutrcns em racjiitiofi P are r:diobiologictl adiitivo. 

the Wcpericeut deviLLio:. i r o n  ur.ity (7 percut)  is v . i t h h  the error of the 

Sirrca 

I. EU2-20. Vitalitx by: Henshaw. 

nn experbent on B r.;ett,od to  deter;;,ina ..hether .n~' eviuence of the  

effect  of penetratir,E rLdiation can be detected ~ ? r r  cioasureu in the tenis of 

fztigue using rtn exercise :.heel ari sti:;ulatine, rFp;ratua to j-revcd reat . 
fiesu&s of this study ao not &lict.r interpretaticn k t  this tick?. 
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J. Re&.ions of H u m  Skin to 5ii.i le LOSBI~ cd Eetc, ni;. 8 

K. Iieli4eci Ufects of Sin@ hqosurca tc Totsi Surfice Beta l rrdt t ion  

Ufecta of fcrfodic T c t d  Surfse Eeta Irrai;.tion. 

Ufects of W e m x l  &rkui;tion i . i th  Let;. h q s  on tte icr.ii.hcrsi 

* d r t h  tnri &per 

%per, Henstbw nrd Snider 

L. 
k p r ,  Honskiii. mu Snider 

B ~ c G U  of FLLtlts. i 3 ~ :  Rq-or - rid Bmnes 
G. 
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macl;nb:s :3th s r ; d  si;J;.Jles c;i' iloc.,. Tl;e cocj.er auifcte wthod WLS used for 
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b: s u  tc  lave LilQntnt teridericicts. 

j6tsvusion by leucccjt..s, ard occlusion of B l o o c i  vessels. 

The den.& slso siiol;'oC ei'iocta vdth ec-, 

ln Genera the efi'oats 

cn tissues :.ore ccc.prsbie wit:. those cf x-rqs .  

reF caused incrciioeci c-ort ; l i ty  low ;.iter ti.e xqdr cd the ;rcute process h i d  

been cc.4 leted. 

t024lbl 



The ioc tions of the tu,..clrs ctrc be uiviued i i . t G  ti,oso cn the eir i su  tkuss 
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1.. Lethal .Action cn Lice aid Ratbits: The miiian l e t u  \.Os8 

and ;=ea survival ti;;& mro cca..preu ifi ,ice aria r:;itits C X ~ C S ~ G  t o  

Z4C; €31: x-rqs w.d fbst rrcutrcns pnerz ted  by iieuLron retctiot. on a 

beqUiur., ;rote. The ifce used \;'ere CF 1 f e d e s  woiC;i;ing 20 g r a ;  

In the ..kc, a medien ieftr;l Lose (U 5t) %as 8hm.n t o  be 

515 r of x-rcdictictn snd 55 n (t1.e n zs us& i n  all of these scmunts 

is th&t ;Z..ccnt cf iordzLtion i.,tzksureL % i t h  n sttnci;;rC 103 r Victcreen 

chzxibcr). T h i s  u;aa Leterbncri over z three to tx,ent;-d% period. 

Thus f o r  the a c e ,  the rstic cf :;.-rqs tc n e u t s n s  (dn) is arkrax- 

Lateiy 10. 

of the C r e i . t e r  spreai  i r r  the I;ort;fftj cf the neutrcn-exposod mL.aLs. 

No ratio is obtalnLble fcr the mrvivd curve because 

In the rabbits, a r . = U ,  l e t i d  Gose (W !%) was ott&ed Ls 

825 r for the x-radotiorr &ai 145 n for  the rieutrcn exi;osurc. As in 

the fice, most of the cort.-Litj occurred betreeri the 3r3 a d  20th U q  

The x/n ratio here is apFroxirate13 5.5. For the ;-.om survivd tL.e 

the x/n rc t io  was cleteridned at 6.4 

2. Hemtolof5ciil Ufects: The effects on the circulating 

tlood eleclents were studied after &ses of x-rsciztion ranging frm 

25 r t o  COO r, ancl after doses L f  iAeutrori irrauintion rongirrl; frcs 

9 ri to i 7 C  rk. 

The Eerier& pittern of response of the  tlccd ele,,.errts is 

quhlitativolj s i i ' i lnr  for f;st r.eutrons I r d  f ~ r  x-rq-s. This h&s beeu 

described elser.here i n  thds sccount . 

f Q Z 4 1 3 1  
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stcuch, Fallopian t S e ,  or colon. kinor darzqe w5':,s rioted in the  
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imraaior, b j  ieucccjtes, Lrxi occlusion of blood vesseio. 

the effects on tissues ;.ere corq,trLt:ie ::itil ikoso cf x-rays. 

In pnercl, 
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CATLWRY V i .  i,jLS'L'iJLUI'lLii GF L'l'iL~d L . L . 1 ~ d i S  11; T U  bCLY. 

i 'b . 
librams. 

llracer Stuuiev i . i th  Inhaled 1.0 Year Huthenix, bj M l e y ,  iender a d  

T h i s  paper z e d s  p 5 t a r i l h  Rlth the fate of tracer quantities 

of airborne rutki iurr,  after i rhaht ion  by rats. 

1. In the course c f  the  u r k  it was nec~ssary tc have a 

sGLe quuntitztive test for hu, md a colori:.stric tes t  WBB developed 

which depnus on t h e  Llue color forr.sd c.itil rubeiinic acid. 

possible t o  detect 2 q. of iiu with 10 p r  cent accurac: . 
It w a s  

2. In order to expose zd.xls tt hC4 vepo:., & generhtor mas 

needea which x o d a  supp1j h c q  at a conticuous md zore or less ur,iform 

rate, 

potassiwi ,;emmxaxite i n  sulfuric acid v;as be,t sui ted .  

Of ii nturker of ~xiciizir.g akents irivestig&ted fcr t h j s  purpose, 
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resort  c i n  be {;iven. 
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then OJ5C u d p ,  t h e e  diei r:ithin 3.5 to 16 clz;s cf thc injection. 

of the iow dose zr-s (C.075 u&/@). 

Listribaticn studies shaved B CoriccntrLtfcn (it1 ug ;.cr of 

The tissue) were hiEhest in the spleen, l iver ,  kene arxi 1 p p h  node;. 

anount in the liver V:LS 2~ of the dose zit Lilt? i6 d q  i-eriob for the 

Llus 4 nitr;te and 25.2,- for the i:lus 6 citrclte. 

at 234 dclxs in one n d r d  ::.as 10.95,. 

in WO aniuJ.s exceeded i h e  liver cmcentrtltioc. 

relatively hiLh ..i, rlutcirium ccntent 

and kidneys were quite low. 

the  do:;+ at 15 cqs. 

bone) were in tkse rich if- reticulo-exidcthoLial tissue. 

of tbsor; ti n fro;.. 

of ririjecti.cn in three anii:als. 

The l iver value 

The ccncentreticri is r;he srleen 

L34.h noties :.ere 

”he :.ostro-iritestinal canal 

The f a u r  coritzbed a~ high as &.2%$ of 

The hithest amants ir, the tissues (.excluding 

Tho aount  

:.tramsc-i!;r L i j ~ L i ~ ~ i  shc:..ec: CQ i, L t  the s i te  

B uescripticn of the  Cii~iiccil fY,-dnts in; .plutt;!;iur, Fcisoriing is 

Given. 

fienatctlo&al studies shov t h s t  in anic.cls :&ceivi:.{: ;ii.,-.h .doses 

http://ririjecti.cn


L..rscli&ttlj ana are Lo1lm;ei.i by a slcw reduction in  the red klo& count 

io12 xa8 &aLnlstcred, The red cell v(ilum xiecrwseci at the aa,e ti,.e. 

A dilution (b; an increase in the plasm wiuw)rserved t o  I;rair&in the 
, 

blcrod volume at the s i i t h t l y  incrcsseci or  norr.5. level. 111 a n L ~ ~ l 8  

with a parallel dm; in the blood volme. ,it tha lov: tiosates nc c h w e  

in t h e  blood orplaxa voluncs vias nded. 

a phenoi;lsn of loss a d  re&i.ir,E; cf 2 i o r t icn  of' ti,o l o s t  weight. The 

low level a ' b d s  shmecl nc c h a c e  in weight. 

PctholoL i c a l  find-ngs shov;ed thbt befcre death hencrrha,,lc I iienoena 

extensive ecl0r.a (ir.dlu.+ir,c ascites), cirsl ulceratiori a a  like c-es 

in 8~1..e of the lower l e v d  aniLtls v ; i t h  r e s u i t m t  trophic ulcertdoris. 
I 

I 
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raiiation cffcct. 

7 FF. Tke Lte Effects cf Inyected klutordur; on LOES. 
Brues, Fainter. Lisco, Saift. 

38242lO 



are bet.C f G i l a i e u  for the devel<;i,,..eut ~f iLtent eff’ects. SuA’icierit 

7 kd.. The bioid .ca i  Xetsurericnt cf tlutiniru;. t r i u . . ~ ~  e to the Liver. 
By U r n s  

discussed tinder several t i t  lcu . 
;io pbsiolol;ical cr fu:.ction: 1 studies me co;.tar;,pk.tcu. 

The eifect of the &€:ha r q s  ( . h a  chc:.icoi) c.f i lutoniucr 

ccitpounds on e n z j ~ e  s ; s t ~ : ; s  is ;;L.ikir t c  th;t .&: ;.rcviouAJ described 

for x-ritdiatior,, r.zrd; Orr t he  sulfhydr; 1 s;.stcr;ls (SH i.roi 1-8) The 

relative effect hts beer. ueterninec 2s .E i rcjxi;x.teix l/lOth that 

observed with an eciuivoiont uiiount of x-raiictior-. 

prir-sxd.1:. t o  the d p h a  ruiotion is ~resu~-.eu :in&sii.uch as 

ap; rcxi;..ct.d;. the si.r..e e: fect as mes i iuto.Aiu... 

That tkis is  uue 

oicniun hns 

The eifect OL t issues is iike..ise n(;t as I; ikeu.  The ch:ri&eS 

in the tissue r..ctaLclisi;l x e  :ict & A l a  to t-ieirv; rk ta l  (urariiuc;) 

but to thkt cf x-raGhticn. AI.; tissues excel t Scrie wre ai.feCted. 

A general denaturation cf Froteir, v i i s  prGAucen t;ith 11” LVJ ex;.csure. 

1 0 2 4 2 1 1 ~  



A. The Lws tf Survivil > 
Sacher, hie 

B. Kor~al Rarq,-ea Gf Varkticn it- ,  Blood Counts of Vorious Laborator; 
MS. Jacobscc, Si;chir, SL:L::.rIs 

C. Catalog of Fixed Tissues 
Harris 
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P. Uroniur., U c r e t i c n  Studies fi. Hur;iar~ Subjects 

The Ufect of Lctzl Ex!-osure cn the &dxs&ibtl c,f ?kturUj Cccurring 

The brfect Lf Bone Iarrow St;. dat ic i ,  or. C q  rcitxj. hyr-n Wreticm 

Ferretti, Erice and Schi.artz 

Forpkqrins. I32 : Schwuartz, e r u 5 a  itria hatson 
C. 

H. 
Scbiicrrtz, GlicWa, HI,; ter and ~ l a i l a ~ c :  

I. The Ufect of Urmiuii on Syster;s, krotein and Tissue Letabolisc 
Uhrron et  al. 

I 



--- 

A. The TOX~CO~OFY cf bran Tameribam ZAG Silverstone . 

Gn subcatwc:tus injectior;, uranium c~,~pcuncis &re vorj to ldc .  Depwding 

on the ,mrticuiar s t r a i n  c f  ir~use ut i l ized  in the exprkimt, a s h k l e  sub- 

cutanewe injecti.cn of 3.5 to  2 iig. cf Ura,iuni as %he i-dtrlite, pxiuceu a 

~ ~ o r t a l i t y  in scr;le nmbers of a groL;E); 4 %. Tias lethal t o  aU Ace .  

is- a m d i f y i n g  factor in toxicitx while we and sex @ax less iqorfiant roles. 

Inljrctions of the abovementioned moimts of uranium produced an acute 

Strain 

izitcxicatim; the r r a i s t  constarit and strikirig yathdogiccl  cbngesws an acute 

necrotizing riel horsis . She deaths occurred durhig the acute FrrtdcsLion 

( T i r s t  two weeks); othervise the idice recovered acre or less caiLp1etc&* 

mgLltn sites of uranium accumlatim &re the kidmys a M  bcrie. 

fron. these or@xis is a sla; jrocess. 

The 

L%appe6rarice 

U r d u n  is excreted in the urine aria 

fwes. 

In the ingestion experiii.el:ts the uraniuii cLlipOund wzs incorportted into 

the d e t ,  h i l y  dosages of 10 a&. of u r a i u m  as t h e  nitrate prouuced r e k t l v e -  

15- low toxicity and no mcrt;litj, vihile dcsages of e0 iiigo of uranim d d l y  ].ere 

t d c  and l e thal .  It is clear t h c t  tie rsliitivel; lot, toxicit& c;f uranium 

compounds in ingesticm (co+ared viith h jec t fcn)  is  due t o  the low rate of 

absorption of these ccmpcurids fmrk the gastrointestinsl  traot . The n.turs 

and auration GE the intoxict;tiori, the 

changes mu the L; t r ibc t i cn  ~f ur~niuzi  ir, thc ussues Mere all shi lar  t o  

tha t  foulid in the injact ion studies, 

and bone, ancl disqFetrs slu;vlg ar ter  the renmvai of uranium f s i x  t he  diet 

ross ;r~d dcroscoh ic  ,r.Esthtloc.ical 

U r a n i u m  accuulatcs SloL’ly in the i.iUCleJ’jE 

1 0 2 0 2 1 4  
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m y  be grcuped ri-ith reetra t o  their toxicit3 ori ii~&estion 

Uq2, U3&, UF'4 are non toxic 

Wy i s  toxic ir. high closes 

UClL is nor.-toxic in :..oaercte aoses; t d c  i r l  hich doaes 

Uc;! (~63)2, U O ~ ,  N ~ Z U ~ C ~  are toxic in noderato doses 

q F 2  i s  tox ic  m e n  at rekt iveb low dosqys. 

In considering the tcrxicoio&$ of uranim cc~i;ounds it is necessary to 

clearlj distir.(.uish t;etr.cen the Wcsure to ura&w., the presence of urSfxiur.i 

i n  the tissues, end uraniuc t o x i c i t j .  

of uranium in the tissues i3lid the s k t e  of iritaxic;ticn &t 

discusseci. 

from the subspec-uent ccurse. 

cmpmnd is  discussw. 

The lack of rdkticnship of the haunt 

crre the is 

I t  is  sucgestea thst the ;cute intox.kat5.cn Le considered &pert 

The significance of the anions of the fq~estecl 

For em.qie, it is robatle thst UOzh'2 i s  LO= a 

problem of fluorine toxic i t j  than uraniurn toxicity.  The course af chronic 

uraniuc; poisoning I s  &ill t c  be reco!i~zed aid uescribed. 

B. The Distributiori of Uraniu~232 in the Tissues of Lice Follc~vk~i .  In3ection 
of Uraniuni232 d u s  6 laitrate. 

The uistribution of uranid32  i n  the tissues of mice following a 

By: Taulenbwi e t  al 

single intrwuscular in jec t icn  cf the caqounu was detcrmiried. Xice 

injected VQ th 1.5 Ciicrogrzm cf the cor+ound viere sacrificed for 

analysis in tiyo wccksj mice injecteci v:ith 4.5 ruicroyaris, ir. fc.ur v;e=ks. 

Appr&;,ately ~ O / O  of the ;x4Lerial was excreted. 

site ef accuniulatiorl coritairling approxiateiy 7b%~ of' the  retained amountg. 

%ne was t h e  L-rincipal 

Kidney was next i n  iriportance, 

organs a lesser m u n t .  

that of u r a n i d 3 6 .  

excreted to a relative13 hii h dcgrce Lme~iate ly  af t u r  i i i ject im.  

The l iver  contained 1p m d  t h e  other 

'Eio ais+,ributicifi of u r r t n i ~ i , ~ j ~  is siLi l ;r  to 

Both accumuiase iri &ne u ~ d  kiclneys, ana both are 

http://intox.kat5.cn


The d i s t r ibu t ion  fiLurea are as follmm: the 

percentage of t he  dose re tained ir, t h e  ankls varied froc, 4.5 to 11.G 

of t h e  dose; bone contained 66 t o  76.3,;; kidney cont&inecl 3.4 t o  i5.2c 

l i v e r  coritained 0.E t o  lo&; the in jec t ion  s i te  in th ree  a,r&zis varied 

fro:.; 10.7 to 16.6%; the rest of the crgans contained 0.5 t o  0.63 of dose. 

Ccr..parison x i t h  exporkuents c'rr t he  f e c L n g  and Injectic;:. of ~ r r u l i d 3 ~  

is givea. 

d ie t  (n i t r t - t e )  shaied Ti& deposited I n  bcne, 28ic inkidney and 0.5& in 

AnLals receiv,ng this cuqound for 76 weeks 69 La of the 

l i v e r .  

da3 period 666 in bcne, 33L i n  kidney aid l% i n  l i ve r .  

Animls irijected vrith 2 q. cf urhnium nitrete shcmed. e t  t h e  41 

C. The U c r o f l u o r b i t r i c  Detent imt iun  of Uraniun. By: F e r r e t t i  
and schwartz 

The rathod described for the  quant i ta t ive  deter;inztion of uranium 

is sens i t i ve  t o  0.0001 ;;;icro~,rd;.s. As such, it $s t h e  IiiOSt sens i t ive  

Lvethod f o r  urn&ui andysis with khich t h e  authors are fardllar. This 

s e n s i t i v i t y  a d  accuracy have beeii m a w  possible  bq' the develcprcent of 

a spec ia l  florophotaneter. The adva tage  of this iristrwrieclt i s  that 

small samples cm be anzljzed and it is rarely necessary t o  resorb t o  

preliminary purif icat ion.  

D. Uranium L i s t r i h t i o n  I n  Tissues cf kpericerhal m b a l s .  
by above authors. 

Studies i n  rogress. To be c c q l e t e d  i n  abcut three weka.  The 

chief interest is i n  the ceritral  nervous system uranium i n  chronic studies.  

E. The Mfec t  of Uranin; Exposure on Urine Catalase Excretion. 
Katz. H o l t  ard Schmrtz. 

Throu& rabbits injected K i t h  kiuney-darii@g uoses G f  uranium excrete 

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

urhe cathlase a c t i v i t y  ir; exFosed and non-exFosed prG38Ct persorael.  

/37 
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F, Uraniun kcretion Studies 
a d  Schwortz. 

Urirm; uratriur, excretion has been stuuied in perscnr.el frUiv vadous 

projects, 

hdatively hem$ expsure 

@rate expeure, ~6 dcrograzs/iiter; mu l i g h t  expsure, an average 

of' 16 i . icropar;s : e r  iitor. 

per liter. 

G. The Effect of btd. ex~osure on the Excreticn tf ikturdl;. Gccurriq 
p02-R- . 

Uraniuu cxcretion q p e a  quite well with ur&u exposum* 

an average of 175 &icrr;&r&ciS/litor ehcretion; 

Xnciaefitiil ex~osurc c~.te less tnijr, 5 LlicroLrL.s 

By; Schar ta ,  &-aria and datmm. 

- a. Lead Thirteen rabbits were mdnistered up to 45 ng. of l e u  acetaLe 

ler kg bouy aei@.t. 

an average of l h l 5  rricrograu per uay to  &cut  2uo-600 dcsok;rms per day. 

Values returned t o  norml only after several wee;,s t o  several uiaiths. 

The increasect copro-~or@prh excretion was found to be specificallj due to 

t h e  copro 111 isorrer, 

In all the total cojJ?ol.oqhJ-rh excretion rose f r o K  

lied c e l l  protoporphyrin also rose from ccntrolvdues of ahcut 70 

t o  over 200 rc.icroErama per 100 CC. of cells. 

There was no qprecic;ble effect on the mei;ht curve during this jeriod. 

b. Uraniurr,  Several dozer, ratkits c--nd cne aog have beau injected :d th  

0.05 to 5 u g .  of u r a n i i : m  nitrzte par ~g bcxi$r weight, 

precil;itous dros in t o t a l  urine copro1,orphyrh excretioi, which i. &rallels the 

kidney a w g e  as reflected in the deciine in urine specific gravitjr. 

doees cause a slow increase of total coproporFhyrin to 203 times the control 

vtilues, 

t j pe  In isomer, but further stud; is des irable .  

Large doses came a 

SnsU 

Prelirr'innr;. s t u d e s  inaicateu chst  t h i s  increase m s  due to the 

C .  Corhined ban ad Uraniua 

IQ24?11 /3f 



return to nard within a f e w  awe, 

h. Effect of Bal is quite toxfa aa i d c t t e d  by the incremed u r h e  
I .  

urobilinogen and urine C O F X - O ~ O T ~ ~ ~ I . ~  excretion follcnsfng odr;inistP&tM 

of th8m~peUtiC uQ-8 Of 6-20 (irZ pviinut oU). Aciminbtered befare, 

shdtaneous with or after the adminiatration of mtals, it ssamd t o  have 

no effsct M their  porphs.rimpethic action. 
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Bx: Schwartz, Glickmn. Hunter and l'kU.acs. 

TnO d q s  developu a severe anemia f o l m i n g  t h e  &drds t ra t f c t i  Gf 

-1h.jclraz;ine. 

in the fournine several *gs. 

ulccytosia to over 57%. 

porphyrin cxcretfon increased 200 t o  300 percer.t, T h i s  increase wab 

shown t o  be due tt the type  I isomw, 

This i 8  in contrcd;stinction to lead ex;csure where ir,e acretion of' the 

type  1x1 isam is iricreaseci. 

Fecal I robi,LinoLen mu urine bi l irubin  rose m k e u l y  

These v:ere followed by imreosed retic- 

At the sam tic.s Loth mine and -ecal coFro- 

The t jpe  111 isc;..er ;;as Liot af'fecteci. 

Two rabbits sLil&rl~ trectea t5 th  phenyllqxiraaine shcxecl questirjnable 

effects upon porphyrin ~XCX-&~OA.  Stuaies m e  still in krogress. 

i, The Effect of Ur(.Jliuu on h z m  S.ystei;a, Protein and Tissue tietabcii.s:.. - Barron e t  &Lo 

Uranium when absorbed ir:to the boox cmiltes  with protein Lnaa 

reversible state. 

the a 3 . W  rather ti.= the  glotiulin fraction (plutonium) , 

combiner, also with dfB&hun bicarbnzte also in a reversible etata. Its 

affinity for the bicarbonate fraction i s  greatest in the plus 6 state; 

the af f in i ty  for the protein fraction is gre:test ir, the &IS 4 state. 

The c d i n a t i c n  has been declonstrated tc be a%ith 

Uranium 

Urd- likewise inhibits erngrs system in a reversible nature. 

Enlrymea when in6ictivilted bj the addtion of uranium are reactivated whe;; 

&he -tal is remveu SJ' the audiLloti of either c i tr ic  acid cr sodium 

bicarbonate 

htensive studies on t h e  diffusebiiitj;, f i l t ra t ion  etc.  of uranium 

compounds have been carried out, 

enzyme srstems have been aeter;dr;ed. 

The eifects  ( i f  uranluol on specir'ic 
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The problems of t h e  r e z e a n ,  initiated wigitrally under 
auspices of the  0, S,  R. D., 15 October 1942, and later fncorpor- 

ated i n t o  the framework of t h e  bianbattan D i s t r i c t  Project, Mas t o  
first evaluate the possible hazards a r i s ing  from radioactive materials 
produced by uranium f i s s ion  and, secorid, t o  explore the possible methods 
of treatment of individuals who niight become lnfected with dangerous 
amounts of these substances. The first, and m j o r  phase of the  re- 

.search e f f o r t  was devoted t o  a f a i r l y  exhaustive survey of the metab- 
olism i n  rats of the more abundant long-lived fissioAi products, thorium, 
protoactinium, neptunium, and plutonium. P r r a l l e l  t o  this comparable, 
though less exhaustive, experiments were done t o  inves t iga te  the  met- 
abolism of the  majority of t h e w  s u b s t a c e s  i n  plants  and t h e i r  depos- 
i t i o n  i n  various types of soils. 
program was concerned with possible therapeutic methods f o r  t r ea t ing  
individuals  poisoneL by these agents and devoted i t s e l f  i n  considerable 
d e t a i l  t o  t he  q l o r a t i o n  of d i f e r e n t  procedures t h c t  possibly d g M  
prove of therapeutic value f o r  the therc.py of individuals  infected with 
those of t he  long-lived f i s s i o n  products and plutoniurii, which are select-  
i ve ly  accumulated i n  the  skeleton. 

study of the assimilation, d i s t r ibu t ion ,  re tent ion,  and e l i d n t t i o n  
of the car r ie r - f ree  radioact ive isotopes of strontium, yttrium, r r ;bCOdl lm,  - 
columbium, ruthenium, tellurium, iodine, xenon, ces 
anum, cerium, praseodymium, thoriur;,, p ro toac t ln iw ,  
ium, and americium, using r a t s  as the  experinental 
exception of thorium and americium, these m t e e a b  were admi 
by the  th ree  chief por t z l s  of entry i n t o  the body, nane?.y, O r a  
e r a l ,  and intrapulmonary. These t r c c e r  s tudies ,  i n  most;.instan 
e x t e d c d  w e r  periods of time up t o  and including sMy- , fo  
t he  case of plutonium, tho s tudies  were f o r  in t e rva l s  r m g  
almost one year. I n  addition t o  t h e  d i roc t  d e t e r h a t i o n  
i t i o n  of these various radio-elcixnts i n  the  twelve t0 
important urgans, a very de ta i led  sor ios  of radioautogr 
was completed with the two o r g a s  where deposition a d  r e  
of grea tes t  importance, namely skeleton and lung. 
animzl experiments, a very extcnsive study with pluton2m 238 was 

The second aspect of the  general  

The work under the general  metabolic program included t h e  

I 

t 

I n  addition t o  the 
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Undertaken q l o y i n g  a r c l a t i v e l y  no rm1  human subjcct '  from whoa sev- 
m.1 highly inportant  tissue s'anplcs were securcd inc ludhg  tone. I n  
this particular instance,  n cotlpLete cxcretory record was obtained 
fo r  ahost  one year. The results of all of these  t r a c e r  metzbolic 
studies m y  bc surmarized i n  the  f o l l o v h g  ir.annm f o r  those radio- 
Qlenents l i s t e d  i n  t h e  footnote** The alkaline ccr ths ,  rare earths,  
S b c ~ n s U n ,  columbium, thor im, .  p ro toec t in im,  ncptunium, p l u t o d . u ,  
and ucr ic ium,  when introduccd i n t o  t h c  body :?ere deposited p r i m r i l y  
i n  t h c  sksloton and the cvcregc degrcc of i-Ltcntion of t h e  absorbed 
radio-clcmnt,  r cg t rd l c s s  of t h c  route  of administrction, rsngad frori 
25% t o  7% of t h e  mount hitiall) absorbed. The f r a c t i o n  of these 
radio-clcments r c t a i n d  by thL skelcton is e l h n a t c d  ct rates which 
arc less than t h e i r  rates of radio-active decay with t h e  exci 

(- 

O f  t h c  340 day ccriun, p o s s i b l j  thc 30 y--ar s t ront ium 90, l3.1 8;to;d 
. Am2@-, The r e m i n i n g  five long-lived f i s s i o n  products, rutherLum, 

telluriun, iodine,  xenon, and c&.un do not &ON any s ign i f i can t  degree 
of local;ieation i n  tho skeleton. In addition, thorc  is no very s t r i k i n g  
deposit ion in m y  of t h e  othor. t i s s u c s  with the cxcsption of the accuinu- 
l a t i o n  of  iodine i n  t h e  thyroid.  The ratcs of e U L n a t i o n  f o r  all 
of thcse  f i v e  radio-clcrficnts arc much g rea t c r  t han  t h e i r  r a t e s  of 
radioactive docay, with t h e  exception of radio-iodine (1131) accumu- 
l a t e d  i n  thcl thyroid.  
l a t e d  iodinc i n  the thyroid is m y  timcs slmcr thv l  its ratc: of 
radioact ivc decay. 
group which are zbsorbcd by way! of t h e  digi;st ivc t r e c t  ' to  a signifi- 
cant dnvgrcc include strontium, b a r i u ,  tellurium, iodine;, m d  cesium. 
The other  nmbcrs, notably yttrium z i r c o n i u ,  c o l u b i u n ,  ruthwdun, 
lanthanur;, ceriw.1, and prastodyrdun c,rc nc;t zbsorbed b; hay of t h e  
digestive t ract  t o  m y  s i , -n i f ican t  digrce, likcwisc no , l ig ibh  ora l  
absorption was notcd f o r  Th, Pa, Np, Fu, m d  An. A high d o g x c  of 
re ten t ion  by t h c  lungs has bccn obscrved f o r  yttrium, zirconium, 
coluribiu,  ruthcnim', lanthanum, cerium, a d  pravcodynium which frc- 
qucntly approachcs end i n  sorx d r c u m t m c c s ,  cxcwds thc  radiocctive 
r a t e s  of dccey of thcsc  substcnccs. Thc puli-inery r c t c n t i m  obsJrvcd 
with s t r o n t i u i ,  barim, tclluriu-Ai, iodinc, a d  cvs iu . ,  i s  negl igible  
under the  conditions of t h c  cxpLrLbrh. 
sut;?narized abovL was t h e t  qua l i t a t ivc  c s t i ca tds  y w x  possiblc  i n  t h c  
evaluation of t h e  r c l c t i v v  dcqrcLs of hazard t o  2.czlth f o r  those in- 
dividuals  who might coffie i n  contact with t h e  agcnbs l i s t c d  abovc. 
Fuhonary rLtcntion was clso high with P E ,  Np, and Pu. 

I n  t h i s  pa r t i cu la r  case, t h e  rc lcase  of a c c w -  

Thc mmbcrs of thc long-livcd f i s s i o n  products 

The vclui: of thc  gc:icral da ta  
' 

A k r g L  sharc cf t hc  t o t a l  c f f c r t  cxpundcd by t h c  group working 
on t r a c c r  and fiatabOilc s t u d i c s  wzs dcvotcd t o  an cvduat icm of thd 
b c h a i o r  of plutordun ia ~ ~ n L m l s  2nd ir, r,,an. Thc results of thosc 
StudiLs, which werc fz-r morb cxhaustivc than thc: s t t e n t i o n  d c v o t d  
t o  m y  onc of t h t  f i s s i o n  products and thc  othcr hwvy d x : c n t s ,  rc- 
vcalcd t h e  following i q o r t F a t  ;,o: n t s .  Thc zbsorption of plutonium 
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f r o m  t h e  d iges t ive  t r a c t  i n  rats i s  of t h e  order of r 0 7 %  of t h e  Orald 
ly administered iiose, which i s  negl igible ,  Thi; chief organ of accumu- 
l a t i o n  of plutonium absorbed i n t o  t h e  blood s t r can  i s  the  skdc ton .  
The r a t e  of re loasc of plutonium accumulated by thc  skeleton i n  rats 
i s  extremely slow; thi: estiinzted ha l f - t i r e  of thc: excretion has been 
evaluated t o  be grcater  than two yccrs. 
i na t ion  was far lcss, givinL a lows lirtiit  f o r  thc; h e l f - t i m  rt l te of 
excret ion fron, t h e  skcleton of 50 years. 
s tud ies  revealed tha t  plutoniun is  dcpositcd primarily in t he  region 
of t h e  endosteal l ayer  of thc  z o r t i c a l  and cznccllous bone. 
this matcrial i s  accumulated within the  osteoid matrix. 
L i t t l e  plutoniura apparently cn tc r s  thc mincral pDrtion of t h e  bone both 
i n  rats and i n  man, This i n t e r e s t i n g  bchavior cxplains, i n  our estim-' 
a t ion,  t h e  vcry high tox ic i ty  of plctonium sincc 2. largo proportion 
of tb alpha reys can en tcr  tho r?.do-sonsit ive bone marrow. An ex- 
t ens ive  series of i n h d a t i o n  s tudics  wcrc dona a p l o y i n g  aerosols  Of 
Pu%, produced by burning cnlor idcs  a d  n i t r a t e s  of plutonium and t he  
netal. These s tudics  revcdlcd t h a t  of t hc  ordcr of 10% of t h e  inhaled 
material i n  rats is  dcpodtcd  within thc  a l v c o l i  :There its rate of re- 
lease w a s  of t h e  order of a f r zc t ion  of 1% pcr  day of t h c  retaincd 
amount. Comparablc r c s u l t s  wcr .  obtained fmrr, s tud ic s  of the inhd- 
a t i o n  of f i n e  aerosols  of solub1.c compounds of plutoniumwith t h e  ob- 
servat ion t h a t  a s i g n i f i c m t  f r : c t i c n  was absorbod through 
and dgposited i n  t h e  skeleton, :!'nile i n  thc casc of t he  oxldc sfiokcs, 
negligible absorption through the  lungs occurred. 

I n  the  human study, t he  e l i m -  

Xorcovcr, thc. cad$oautcsjrzphic 

Presumably, 
Relat ively 

A survey of t h c  deposit ion cf fission products and plutonium 
i n  p lan ts  and s o i l s ,  rcvcalcd t h a t  a l l  of thcsc  radio-clcindnts tendcd 
t o  bc h o b i l i z c d  by s o i l  co l lo ids  t o  a vcry high dcgrcc. 
i n  such i r i c c t c d  s o i l s  dcmonstratcd an extrcncly high sc l cc t ivc  BccuUAo 
u la t ion  of thcsc  materials i n  th:: roots. 
only d n u t e  quan t i t i c s  q p c w  i n  t h c  stci:,s 2nd lcaves. 
t h c  work, of course, i nd ica t c s  t h e t  t hc  rclcesc of f i s s i o n  products o r  
plutoniuri i n t o  t h e  a g r i c u l t u r d  arccs w i l l  probsbly bc attended by a 
vcry ser ious problcn 6f considsr?.bL dumticn.  

Plants grown 

With t h c  cxccption 
This 

The sccond phasc of t hc  projcct  a t  Bcrkclcg cncompassed the de- 
con tadna t ion  of s k c l c t a l  deposi ts  of f i s s ionzblc  materials.  Up t o  t h e  
prcscnt, cxperkiicnts havc, b x n  ccnfincd t o  plutoniun, and t o  t h c  radio- 
active isotopes of s t r o n t i m ,  yttrim, and ccr iun  which cro produczd by 
nuc lcar f i  s s ion  . 

Thc behavior of thcsc  c l m c n t s  was coaparcd uriazr condi t icns  
prcfoundly a f f ec t ing  bcnc nctzbolisn.  Growing rcts fcd a d i e t  low i n  
calcium absorbed ovtr  25 tir.,;s 2.s much Sr+t from thc gut as did adclts 
rccciving adequatc calcium, Thcr- wc?s a four-fold d i f fc rcncc  i n  rc- 
t cn t ion  of in jcc tcd  Sr+ bctwccn thc  two groups, but no appr;L.:iablc 
c f f c c t  on Y3+, Ce-;C, o r  Pu+t. 

t h c t i c  dict cont2ining wcshod blood f i b r i n ,  or b3 adding d u i n u m  
Scvcrc phosphatc dcficioncy was produccd i n  rats with a syn- 
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hydroxide t o  c ,̂ norr.id d i c t  t o  prcc ip i ta tc  t h c  d i c t c r y  phosphatc arid 
prcvcnt i t s  absorpticn. 
cf bcnr:, and rcduccd thc: rc tcnt ion of Sr* thrcc  c r  four  fc ld ,  but had 
no approciEblc c f f c c t  on t h c  r d t c n t i o n  of Y*, Cc*, or  h*, I n  ad- 
vanccd s t a g s ,  lnrgc L r u a s  cf t h 2  bonc consistcd of organic n.atrix 
frc ,  frola bonc selts. RzdioLutographs of unaecalcificd bonw froia such 
anhClS sncwcG t h z t  Sr'f w2.s dcposit td cxclusivcly i n  the  rec,aining r in-  
er21 bonc salts of t h c  shaf t ,  w h i L  Y*, Zr'f, Ce9, ant: Pu* were dcpositcd 
i n  thc  uncalcificd o r k - a i c  r x t r i x .  Thcss cxperiments indicatc  t h  J; Sr" 
follows t h c  path cf c d c i w  mtzibolism and is dr ,pd . tcd  is t h c  cdricrnl 
of bonc:, whilc t h c  rd,cbol isn oi thc  other c1,m;its Zppctrs t c  bc 
u n r d a t c d  t o  t h e t  of ciLcitLir, and they arc  dcpositcd in t h c  0rL;ani.c 
rztrix of bonc. Evcn i n  thc foming bone of a healing f rcc turc ,  Pu3' 
m d  Y* wcrc dcpositcd i n  t h s  c a l l u s  s c v c r d  days bcforc thb  onsct Gf 
c d l c i f i c a t i o n  mu thc  deposit ion of Sr+c* 

Thc dcficicncy produccd scvcrc d c c d c i f i c a t i o n  

Thc c lh ina t i . cn  of Srjt, Y35, Cd?, znd pU* by rats was followed 
f o r  scvcral  c.onths t o  dctcrr,unc t h c  c f fcc t  of prolongcd trcstmcnt with 
pLrathormonc, zmon iun  chloridL, c i t r c t c ,  c r  c thcr  agcnts uscd i n  
t rca t inL chronic l a d  2nd rediui pcisclning. No s i g n i f i c r n t  c f f c c t  
VJLS obscrvcd, exccpt fer  a s ~ d l  incrcese i n  thc  excr2tion of SZ';~. I 

This does not hcld out nuch hopc f o r  dccontamin2tion by such ncthods. 

k proccdurt was swgcstcc! f o r  rcducing thc  t o x i c i t y  of t h c  
plutonivn dcposi ts  i n  t h c  skclcton by ovcrhycring thcm with nLw nGn- 
radioact ive bcnc. T h i s  would sh ic ld  thc scnsiti.vc c c l l s  of t h c  bonc 
narrow znd bonc from t h e  shcr t  rcng. dphc. p.?rticlcs. Vzrious mcms 
of deca lc i f ica t ion  fcllowccl ky L-J bonc forrrtztion wcrc invcstigatcd,  
and radioaiitopaphs of t h -  bonc:: showcc: t h s t  cvcrlzyLring a c t u d l y  d id  
takc  placL . 
mtcbolism, including r i c k c t s  ;nd scurvy, 'and on t h e  f,ctcrrs involved 
i n  thc new bonc fcrri2ti.cn essocicted with f rec turc  hcnhxlg. 

Expcrhicnts w r c  also c i r r i d d  cut on various phasss of bone 

I 

Th, work planncd f c r  t h c  c u i n g  f i s c c l  yCLr includcs thL follow- 
ing r.e,jor i t e m .  
s tud ics  with rats using thc  idorc. b.!pcrtailt lon,-livcd f i s s i o n  products. 
lkny of t h c  c a r l i c r  inhz la t ion  s t u d i a  with f issim products wcr, un- 
sa t i s fec tory  duc tc,  t h L  unavai laki l i ty  a t  t h e t  t i rx  of what wc now 
considm sui tzblc  tcchnical ncth ods . 
cludc the  inhc la t icn  cf cr idcs  2s well as ' sc lublc  ccr,qGullds of rridio- 
c l m c n t  s such CY yttriunL, z i r c c n i w ,  :znci colwbiur,., ruthcnium, ccriurd, 
and praseodydw.  
f i s s i o n  products group which shbw ~r high dcgrc, cf rc tcn t ion  i n  pul- 
lnonary t i s sucs .  In a d d i t i a  t o  thc: ani,ml studi-s,  which a rc  i n  thcm- 
sclvcs r e l a t i v c l y  s t r e i g h t  f c r m r d  m d  br ic f ,  i t  i s  Flamed t c  under- 
take i n h d c t i o n  s tudics  w i t h  thcsc sgcnts usin[ norncl h a m  subjccts. 
h w r y  sa t i s fcc tory  tcchniquc which hcs alrcczdy dcncnstrntcd i t s  cffoct- 
i v m c s s  has bL,n dLvclop.,d 2nd subjcctcd t o  t r i z l  by onc of thc mci.lbcrs 

F i r s t ,  xc plcn t c  l;:.rfcrfiL I;torc adLquat, i n h a l z t i m  

Thc projcctcd cxpcriclcnts in- 

ThLsc r iprcscnt  tho c,c:.zbs..rs of thc: hng-l ivcd 
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of t h e  Borkdcy group, Hcre, of coursc, it w i l l  be naccssary t o  usc. 
t h e  shorter-l ivcd isotopcs and undcr such conditions, t hc  cxpc rhcn t s  
can be donc without risk t o  t he  subjects.  
i n  r a t s  are  planned e q l o y i n g  carr icr-frcc radiozct ivc isotopos of t h c  
following agents; notably, gallum, germanium, arscnic,  sclcnium, 
rubidium, molybdenum, clemcnt 43, rhodium, paladim, s i l v c r ,  cadmium, 
indium, t i n ,  antimony, ncodynium, clericnt 61, samariun, c nd propiurn. 
As many of thcse diffcrcnt  c lcncnts  xi11 bc studicd C ~ S  t h , c  pcrnfits, 
Thirdly, t r a c e r  s tudios  w i l l  bc init ictcd cmplcying rzdiun, actinium, 
uranium, aer ic iwrL,  aria curium i n  d d s  an:: h m s  using c l i n i c a l  

s tud ie s  cmploying the  ffiost ir;;:ortmt cf thc  long-lived f i s s i o n  products 
i n  such human subjects  w i l l  be attcmptod i f  t h e  is su f f i c i cn t ,  
t r a c e r  s tudies  a r c  planned with such clcrxnts  which although not nat- 
u r a l l y  rndoac t ivc ,  cnn be rrnde so  by cxpcsurc t o  i r r a d i z t i o n  by a 
chain r cac t ing  p i l c  . 
notably, chromium, i ron,  nickcl ,  c tc .  
using a radioact ivc i so topc  of boryllium, (Bc?), i n  ordcr t o  study 
t h c  mctabolism of t h i s  substmcc, which i s  rdost c c r t d d y  warranted 
i n  vicw cf t h c  ominous tox ic  cha rac t e r i s t i c s  of th., c l c m n t  which i.a 
apparent i n  i r idustr ics  whurc: this s u b s t a c c  i s  cncounterc 
anount s . 

Under the decontamination F r t  of the  progrcz during thc co&g 
year, it i s  proposed to  cxtind thcsc invcstig2,tions t o  includcuranium, 
thorium, act iniuu,  protoectinium, radium, and clcmcnts 95 and 96,. 
Mctcbolic s tud ies  of thc  c f f c c t  of egc, d i c t a r y  czdciun, and phosphate 
deficiency w i l l  i nd ice t e  whcthor cir not thc clcffimt in quostion fouaips 
t h e  path of calcium mctabolisrs. Rzciioautographs of bones from in jec t -  
cd phosphate dcf ic iont  rats w i l l  show whcthcr thc s i t c  cf dcposi t ian 
i s  cxclusivcly i n  thi. m i n t r d  toric s L l t ,  or i n  thc organic matrix,> 

Secondly, t r a c d r  s tud ies  

\ 

\ m a t u r i a l  ava i lab le  f r m  thc I-edical School. I n  addition, t r a c e r  

Fourth, 

Thcse includc possiblc mtcrials of construction; 
F i f th ,  t r a c e r  stuctics a r c  p l m c d  . 

kgcnts which iiiight incrcesc the  clhi.n::tion of t h c  clcments 
undcr considcration will bc invostigztcJ.  T h a c  will includc coffipunds 
f o r d r i g  solublc cor,glcxcs with t h c  i:ic;tcls, ILL m d  non-toxic metals 
(such as Zr end Hf) which rlight cocgct i t ivcly rcducr: t hc  dcpositfon 
i n  bono. 

Thc cxpcrimcnts on ovcrlaycring of plutoniur, dcposi ts  by new 
bone W i l l  bo ixtcnclcd t o  c thc r  clcncnts which emit alpha p . r t i c l c s .  
Toxicity oxpx- imnts  vdll b; ca r r i cd  cut cn s~iall narmls t c  dctorminc 
thc  c f f e c t  of ovcrlaycring on ixortalitp. The ovcrlqter ing cxpzriinents 
are a l so  t o  bc cer r icd  Gut on puppics a d  c s t s ,  adding alucdnui hydroxide 
t o  t h e  normal di c t  t o  produce dec2lcif icet icn.  
pa r t i cu la r ly  t h c t  produced by adding z i l d n w i  hydroxide t o  P. ncrmal 
d i e t ,  will be fu r thc r  invest igatcd i n  a n h z l s ,  and possibly i n  soloct-  
ed c l i n i c a l  cases,  t c  detcrnine i t s  v d u c  2s a r ,mns  of producing bone 
resorption. 
the  chrracter  and r e a c t i m s  of bLno, including t h c  ncture of t h e  
organic mtrix i n  which th6sc elenents m e  d3pwitc.d. 
animals should be p r t i c u l c r l y  usofu l  f o r  thsse experiments: 
animals which rre cc t ive ly  fen-zing ndw bcnc; phosphate def ic ien t  c r  

Phosphate dcficicncy, 

Expcrinants w i l l  be car r iod  out t c  c b t d n  i n f o r m t i o n  cn 

Three typss of 
growing 
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r a c h i t i c  a n W s  i n  which bme salt is resorbed leaving krgo  areas 
of unca lc i f ied  organic matrix; and mimls with heaung f r r c t u r e s  i n  
which the re  i s  a very ec t iva  l o c c l  f o r r m t i m  of new bond in the ca l lus .  
The e f f e c t  of p r c t e i n  deficiency and plasnapherosis on tha orgznic 
bone matrix w i l l  clso be s tudhd ,  t c  d e t e r d n i  t hc  influence on the  
deposit ion of these  olemer,ts. 

Another phase cf t h e  project a t  Berkeley was the  use of rqd' cr 10- 

elei.ients i n  ag r i cu l tu ra l  resczrch. 
by p lan t  roo ts  rmst be accorucd a rcnk with photosynthesis f.s OLZ of 
t h e  t r u l y  v i t a l  processos of pla-~t ,  growth. 
a ru jo r  f i e l d  o f  study f o r  the plant  physiologist ,  2nd i n  i t s  diversc: 
aspects,  i s  t h e  control  t h e m  of d1 invcstigztd.ons d e d i n g  with s o i l  
f e r t i l i t y .  Hithcrtc,  ion-absorption by r co t s  has bem studied elmost 
exclusively i n  t t r r r i  of net gains end losses of ions by the  root  sys- 
tem-or  by t h e  cu l ture  mediun. 
t o  study the  process f ron  the  point of view cf plcnt  anatciny. Little 
informat-ion i s  availczble es t o  which c e l l s  or regicns of thl:  m o t  
sys ten  are involved i n  the processts of rzLriural Cbsorption, ion-exchznge, 
e t c ,  b o s t  nothing is known concerning t h e  physiological role  of i c m  
such as Na*, K4, CeU. and the  so-called Iltrcct: 
proposed work, these v i t a l  End <ssen t i aUy  untcuched f i e l d s  w i l l  bc' i n -  
vest igated with the  use of rcdioactivc isctcpes.  

It is  ent ic ipz ted  t h c t  nany cf thc. above nentionad physiological 
problems i n  ag r i cu l tu ra l  research m y  be sclved by t h e  develqxLent cf 
nethods cf preparing radiozutcgrcphs of p lan t  tissues. By these I;ieiuls, 
it should be possible  t c  study t h e  nechcdsn  of absorpticn bf many in- 
organic io.ns by roots. 
r c l e  of p a r t i c u l c r  s l ecen t s  i n  tht: dcvelopr,,ent cf p;rticular t i s s u e s  
i n  the  growing plant  structure. 

p l m t s  cre t h e  innumrable  prcble-as prescntai  b j  tha cor;plcx ccillcid 
chemistry of t h e  s c i l  i t s a l f .  
chenis t ry  c f s o i l  i s  far f r u  xioquatc. 
ion-absorpticn r e e c t i u L s  in scils i s  ccnfined chicf l y  t o  1:iore divalent  
ions .  With t h e  use cf rsdio-elenents it i s  e x p c c t d  t h c t  t h e  behavior 
i n  s o i l  of most of t he  der,,ents of the  periodic systei., ccn be  d c t m d n e d  
with grez t  conveniwcc. 
sor.te conceptic--i of t h c  r q r i i t u d c  cf t h e  pr;blerns t o  be ettackcd. 
sS.tisfactcry invcs t iga t i cn  of the  f i e l d  w i l l  take m n y  yccrs cven with 
t h e  best  c/f techniques. 
r e s e r c h  w i l l  anply  es tzbl ish t h e  f a c t  thr.t ir,forr.zti.cn ,:~iTdd i n  t h e  
devolopr..cnt of t he  ctcr-iic buck ;Is0 w i l l  cont r i bu tc  irneasurLbly t o  cine 
of t hc  I.,ost b m i c  endezvors Gf r.m-growinL cjf i h n t s  i:: Soil .  

The zbsorption of r h e r c l  nu t r i en t s  

The process cons t i tu tds  

Vir tua l ly  no a t t enp t s  have been rade 

I n  the  

Alsc, it night wel l  be possible t c  determine the 

Inseparable from the gencrzl problcu cf n i n c r d  n u t r i t i c n  of 

Thcre again our knowledge of thu surfcce 
Exis t ing i n f c r i x t i c n  ccncerning 

It i s  hop6d t h c t  t h i s  b r i e f  cu t l ind  w i l l  provide . k 

Nonetheless, i t  i s  f e l t  thGt such t. p l a  of 

Tho. foregcifig sur,x%ry m y  scrvo t o  prescnt thb gmcr:l  p z t t i r n  
CcrtLin zspccts of work t c  bL pursued i n  t h c  C ~ l l s g c  Lf ,@-iculturG. 

of the  work s.re cf ccncern t o  the ;.lmh?-ttc.n D i s t r i c t  md should be 
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I 
incorporatod i n  t h e  work plr-nned f o r  the b io logica l  p r o g r a  during the 
coming year. These espects deel wit?: tho bchzvicr i a  s o i l  and plcnts  
of thGse rrdi,o-n.ilernents crected i n  tie prcducticln u d  &ppl ica t ic rs  cf 
nuclccr energy. Studies of c p r d i i i i n s r y  m t u r e  i n  t h i s  lebcrctory 
strongly support the cr/nclusicin that t h e  accident& or in ten t iona l  
releese of f i s s i o n  products t o  s o i l  c;r i r r i g c t i o n  weter m y  cons t i tu te  
i? grave a g r i c u l t u r a l  hczard. 
t inued i n  the ensuing yecr t o  er-ibrzcc prob1w.s of' tcXic 1ii:its and o f  
s o i l  ducont&xt ion  f G r  the I;Ior8 i:.qortmt long-lived radioeldments 
involveci i r i  n u c l w r  f i ss ion .  

It i s  proposed thLt these stuYZes be con- 

In  cddi t icn  t o  t h i s  p r o g r a ,  work under 2 separcte sect ion hrrs 
been s t c r t e d  cn the  study of t h e  e f f e c t  c;f f i s s i c n  r o c c i l s  Gn t i ssue .  
This i s  of h p o r t a n c e  f r b n  t h e  health aspect a id  a l s o  f ron  tho f.unda- 
mental point of view. The broad purpose of this wcrk is  t o  detarrnine 
t h e  spec i f ic  biologicc.1 e f fec ts  of f i s s i o n  r c c o i l s  produced by slcw- 
neutron bor;.bardrnent cf f issicnztl le rztmicls a&hnistered t o  :nb;als. 
The work-wes s t s r t e d  by prep:.ring co l lo idc l  urmous oxide, a d  stuayfng 
its t o x i c i t y  when cdr.histercd ititrf.vc;nCusly t G  h b c r z t o r y  ITJiCc. 
found thLt one milligrarLi i n  suspension ray be given iritravc;nouslx with- 
out l e t h a l  effect ,  os IonL GS theria are  no scluble  ur,?niui capounds 
mixed with t h e  U02, ALost a l l  of the  coUcid8.l suspensim is  taken up 
by the l iver  mG the spleen, which w i l l  hold these COITIPOU~C~S u n t i l  they 
are changed t o  scluble  urmiur;l coiiipounds. 
solublc pert cf the co l lo ida l  U308 i s  tnken up by t h e  kidneys. 
UjOg. is, t b r e f c r e ,  riuch Lime t c x i c  than c c l l c i d a l  UG2 (50% of .ai-kals 
d i c  after 0.9 f.i.lligr2iis). 
l i v e r  a d  spleen i s  srcurid m i :  r A 1 1 i p a . i  per cubic c e n t i m t e r ,  high 
cncu&h t o  cbserve thc e f f e c t s  of fissi.Cn withcut interference f r o z  other  
biolo&ic:.l ef f c c t s  cf thc!rr,icll neutrcrs,  espocial ly  i f  urcniun enriched 
with t h e  isotope 235 is used. I n  fL?ct, c c l c u k t i c n s  cnd ciecsureriIents 
shGw t h z t  a c e r t a i n  mcunt clf {pmc r r y  bxkgrcund i s  d s c  to le ra ted ,  
Thus, t h e  first e x p c r i x n t s  w i l l  be cr;rrieci cut with c paraf f in  r;icderW 
t o r  a d  t h e  60" Cyclotrcn. We intcnd tc-cbservc thc Effect cf f i s s i c n  
r c c o i l s  i n  the  spleen. 
given adequate dcsq,~, thi: splscn t14.11 shrii-ik t c  less  thzn helf of i t s  
s ize .  
s e l e c t i v G  i r r z d i c t i c n .  
Thirdly, t h c  nucleic acid i:dtc-bGlisA.i c.f thc  l i v t r  w i l l  be - t u d e 2  undor 
t h e  influcnce of fissicn, by r x m s  of t r a c o r  mounts cf 
thc clistributi.cn cf f i s s i c n  prcducts i i i  thc; : n i n d  w i l l  be i+z:!sured - 
i .e,  rcdioicdinc, radic-stror,tiurn, atc.  If thL r e s u l t s  s h m  thclt f i s s i c i i  
rect i i ls  a r e  very effectivt;  ir. producing I c c r J  changes c r  biclogiccd 
e f fec ts ,  other u r ~ n i u i  ccripour.ds w i l l  b e  prepared (poss ib ly  with tht; holp 
of D r .  Calvin's group). 
iurn t o  T, pe I1 pneumowccus zr:tibc;iiy. Reports i n  thL  l i t c r z t u r e  inf i icc te  
t h c t  i t  is  possibl,. t o  2;ttcch ur2niui.i t c ,  tn t ibcdibs  ir. such a way t h c t ,  
a f t e r  intrzvcncus m j e c t i c n ,  the xitibc,dit;s w i l l  c r y  the urnniun with 
then, u:iiting w i t h  t h e  tntikcn. 
depGsitint  th2  ureniur:; i n  tho t i s sue .  
with t h e  hcpt; bf prc;pm:Lng suit:.:bls urciliw,-prc t Gin ccr;hinttic:-.S which 
cculd be d c p c s i t d  i n  : ~y givai-i pmt c.f thi: k d y ,  Gjspsci::-lly i n  rt&giLns 

It W L S  

- 

k 1,lrgc f r a c t i o n  of t h e  
C o l l o i d d  

Using UG2, t h e  density of uraniun i n  the 

SkLln r  s.tudit;.s u ~ i i &  P32 have shown thr.t,  

I n  dogs, t h e  splsen ISTA bc .:L.~L? t c  disappec'r by t h i s  m t h d  G f  
Secciiuly, histolcLic21 sect icns  w i l l  be prepzred. 

Finsl ly ,  

Alrizdy, wLrk hLs been s t e r t e d  c.n tying ur;ln- 

Thcr2 they rccct  with the a t i g c n ,  
This fiiechc.nisii1 w i l l  be studied 
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f of ttunors. 
dyes, sa;e of which rzy be taken up se l ec t ive ly  by tumors. 

Thcrc me p o s s i b i l i t i e s  of r.ttzching urzlf~ul; Zlso t o  azo 

F a r a l l e l  with these invgstigEtions on uraniuu, work k s  been 
S tc r t cd  cn boron rnd l i t h i m  conbinaticns suit?-ble f o r  studying the  
(n,d) rcact icn.  
urmiur;; we w i l l  start using co1lcidL.l suspensions cf insoluble d t s ,  
and la ter  synthesize c t h b r  cor:.bimticns. 
abo l i sn  and possibly r tccuct icn i n  s i z e  cf the  spleen, when & t c i n d  by 
r.mans of chrcidc radi G-phosphate, borcn, l i t h i u ,  ancl uruulu; - zf t c r  
f i s s ion ,  etc., m y  give us h p c r t c n t  irfcrrx.t ion cn the bicrloiiccl  e f f e c t  
of spec i f i c  ionizat ion,  or better, s p d f i c  anergy lcssr 
indicates t h a t  alpha p a r t i c l e s  ut3 sQvcn tims t s  e f f e c t i v e  f o r  t h e  s m e  
energy lcss  in t h e  c e l l  ES &ana rays  c r  x-regs. Fiss ion r e c o i l s  i c d z e  
t h i r t y  tines mrc  pcwcrfully than alphz reys; thi;ir spec i f i c  effdct  m y  
possibly be s i g n i f i c m t l y  hi&her. If t h e  uranium f i s s i ln  ucrk l e d s  t o  
s ign i f i can t  r e su l t s ,  we m y  z t t enp t  t o  stub$* the  e f f s c t  cf f i s s i c n  of 
p lu t cn im,  and pcss ib ly  t h o r i m .  The C E S ~  cf p1utcniur.i i s  ~ S p e C i a l l y  
in t e re s t ing ,  s incc t h i s  elcmmt is  se l ec t ive ly  taken up i n  thb pdricst-  
eum. 
a p o s s i b i l i t y  of clcna1e t c  the pericsteum d c n e ,  w i t h w t  influencing m y  
Gf bho surrounding t issut ;s .  
bone ad cn t h e  devclopLwnt cf bone c:.riker ~ f i y  be cf i1,gortmce. 
whda  study has bearing cn tht: hee l th  probluas of p i l e  workers and on 
t h e  mchanism cf ac t ion  cf icn iz ing  irredictims, 2nd indirecbly on t h e  
cancdr problem. 

The l i n e  cf work w i l l  be the  szne r s  i n  the  CESC of 

Eecrccsu i n  nucleic  acid r e t -  

Z i rk le ' s  date 

Since thi: r a g e s  bf f i s s iLn  r e c d l s  Ere v t ry  short ,  t h e r t  i L Y  be 

The study of t he  e f f e c t s  on t h e  Lruwth of 
This 

k feel  t h a t  t h e  wrperimntcll prcgrcn ncx i n  progress =and outl ined 
f o r  _ the  CoIiUng year c a r r i e s  out an iiiiportant d u d i t y  vf i n t e re s t .  
t h e  point  of view of f u n d m w t r l  r c soxch ,  it i s  cf ccnsiderable inpcrt-  
ancp t c  q l o r a  thb  bchc?vic;r G f  o l m m t s  i t 1  zni ; ;ds  :.ad r.zn - thc t  here- 
t o f o r e  h v ~  been e x p a e d  t o  l i t t l e  o r  nc ir ivestigztion. 

' t he  in fo r ra t ion  of i n t e r e s t  f o r  i t s  own fcc tu . : l  .wcrth but alrcr.4y it has 
been shGwn t h a t  de ta i led  inves t igc t ion  Qf th;: b i h x i c r  of t h e  long- 
l i ved  f i s s i c n  products :.nd plutcniur; i n  t hc  s k d e t o n  hc.vo brought out 
s o m  si.@.ficznt points  of intbrcjst  r e k - t i n g  t o  the cverl.11 f i e l d  of 
bone aetnbolisi2. 
c h a s e  our knowl+& of this; i;ic st h p t r t e n t  physiologic21 fidd. 
LcreCivir, it i s  qu i t e  rpparant t h c t  3 nunbur L;f the  less &undant 
f i s s i o n  products cxbrtce e l e m n t s  cf considerLbld mflic?.l ?ad t G x i C C -  
1 o g i c A  i n t ~ r w t  o n t i r e l y  apar t  frcr.; t h d i r  coric6rri i n  thu f i e l d  of 
a t c idc  enargy. On t h e  cjthtr s ide cf: thi: ; ; icture,  i t  i s  q p a r m t ,  of 
C O U ~ S L ,  t h a t  a lmgz  sh,?rc i,f this wcrk i s  cf i i imd iz t e  tnd precti.ca1 
cGncdn t o  t hc  mny problcr2a sriskE; i n  the f i e l d  of hea l th  prctccticjn 
incident  t c i  the  dcvdeprimt of n u c l c x  energy. 
-studies v i t h  f i s s i m a b l e  r x t c r i e l s  m d  t h e  fur thcr  study bf thwapeut ic  
methods f o r  t h c  t rea tncnt  cf individucls  whc rxy  i n  the  fu ture  bocwe 
poisoned w i t h  c i t h e r  cf these substmces cr  thc  lcn;;-livcd f i s s i o n  
products is' of considerfble irqxrtc.ncG i n  our bsti, .iaticn. 

Froa 

Not only i s  

It is c o r t d n  thc.t fu r the r  invcstig:c.tic,n v & l l  in- 

I n  p;-rticulcr, t h e  t r 2 C i r  

1 0 2 4 2 2 1  
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A. The Keasurmerit cf Fzst Ncutrons f o r  Biclo&cal Dosage, by 

Effccts of Sm11 D&ly Doses of Fest Neutrons on &ice ,  by 

G. F&lla .  

8. 
T. C. Evans. 



- The Leasureixmt bf Fzst Na t rons  foy Biclogiccl I3cs x e  

by G, F a i l l a  

The purpose Cf this experiment is  t o  r t e a u r e  t h e  t i s s u e  dose 
del ivered by a b e a  cf fast  neutrons i n  terms Lf the  ionizing energy l i b -  
orated i n  the  tissue. 
t h e  t r u e  b io logica l  effcct iveness  cf f F s t  neutrons rmd t o  evaluate the  
r e s u l t s  cf biclogicc71 expe r imnt s  copducted i n  d i f fe ren t  branchxi cf t h e  
k n h a t t a n  Project , 

The extm-pcl t t icn ion iza t ion  charher raethod, previGusly 
devised, has b e m  fur ther  d e v t l c p d  2s regzrds kcth the construt ion of the  
ion iza t ion  chmbGr snd t h e  detecting ifistrument, The elbctrodt-s of thc: 
i cn i za t ion  chamber crt mac cf mzt4rial s iz i i lar  t o  anincl t i s s u e  i n  i t s  
a t d c  cons t i tuents ,  Two independmt cteterrdncticns w i l l  be mde:  (1) X i t L  
a i r  8s t h e  ionized r.miiw;& (2) 
const i tuunts  cs t h e  e l ec t ru ios  of the  c h a k r .  Tho f i n a l  r d s u l t  should be 
thc: s a e  i n  both cc?sbs Land therefGr6 t h i s  provides :- check cf the  accurccy 
of the  method. 

This infcrm.t ion i s  ncGded i n  order t o  detcrcune 

Methcd. 

J i t h  =. g ~ s  r d t u r e  hcvink t h e  s m c  atoinic 

Exbent cf Prcqess. The work up t G  t h e  present h a  involved tho 
construct ion and t e s t i n g  cf zpperatus m d  the r.E.king cf a g r m t  iJany uees- 
urements under differcrit conditicns.  
cor.= and the  exp;trirLentcl p roxdurc  i s  now qui te  s2 t i s fcc tory .  WGrk i S  
s t i l l  in progress end it is profsrzblt; nct t c  givt: t h c  results obtained 
thus far, since they mi subject  t c  zodi f icc t icn .  

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

I n  order tc, d c t e r d n e  the b ic logicz l  effect iveness  of frst 
neutrons i n  thc  case of b io log icc l  expcrf&nts c r r r i e d  cut i n  othcr parts 
of t h e  Prcjoct,  sirri1z.r r.u-surLnents w i l l  hcve t c l  be mcle with the  neutron 
beam used and under the phj-siccl cc..diticns cb tc imng at t he  t L c  the  
anirds wcre i r r ad ia t ed .  

It i s  expectcd t h c t  final r e s u l t s  Will 1;b Lbtc;inc;;d by Ju ly  1, 
1946, i n  t h e  case of thb I:IC:.Sure;:lerits i n  which cir i s  used as t hc  ionizcd 
gas 

Effec ts  c,f SdLl  Daily D ~ s o s  cf F m t  Ncutrcns on Llice 

by T. C. L W ~ S  

FGr t h c  purpose of  dcter;sinint, the  r a t i o  of biologic21 e f f e c t s  
of m l t i p l e  srrall C;osos cf 200 KV x-rc.ys md neutrcns, i t  was necossery 
t o  ccrry out c? s e r i e s  cf pi1c.t c;xpi;ri.mnts with e siixglc trcatrient.  The 
pawnta6 ,c  of su rv iv t l ,  t h e  rxdi2-n 12 t h c l  t kx  cncl hci.;c?tclcgicdl e f f e c t s  
were used as iriciices c;f CoiipCriscr:. 
dcsczgt cf 8 r c.’mc ,?L:,ost iddntic:l f indings xi thc.sc: with E dosage of 1 N. 

Tne cxpcriui;nts indicctod t h c t  t h e  
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I n  t h c  lc r&es t  c h r m i c  Jose (l.&N) a f t i r  five m x t h s  cf irr2di2.ti- 
t h e  m b a l s  s tz r tz i  t c  'ic. 
bcth 1euccpc;ni.c c.nd ly;ghc,pcnir, boink p r c d u c d  z t  this t h e .  
werc dc,wn t c  c". 50% survivr.l 1c;lvsl E: f b w  ve&s lstbr. 
survivc~ T-s lcnG ES the  Srviss s t r s i n .  
49% of t h c  c m t r c l  t i n e .  
eftw approximtel)  808 clf the  t c t c l  grump hcd i i o d .  

A l l  :.nirx.ls hzd stc.rtd t c  1 0 s ~  wcit;ht with 
Tho $XupS 

The CF1 ;Ace diu nct  
The zpprclxLA6 rAea l c t h d .  the IJES 

Cotnrzcts b c b a  tc r-ppecr i n  thc a p c s d  m i n d s  

I n  t h e  next doswe l~vel, O.U, N, t h o  i.rem l e t h a l  t h e  w2.s 863 

A l i g h t  reduction i n  fer- 

T h n e  w ~ s  E s l i g h t  increzsc 

of t h e  ccnt ro l  tir.ie. Thc Lffdc ts  cn t h e  blccd werc nc t  cs d c f i n i t e  8s 
observed ct the higher dosege lcvel ,  a s1it;ht reducticn i n  lcucocytes 
being Gbserved c.s conpercd with t h e  cL..trcls. 
t i l i t y w z a  nctci: i n  t h e  ~ ~ 1 6 s  and c? l i g h t  but d e f i n i t e  reduction i n  t h e  
frcquuncy cf t h o  estrous cyclo i n  tho f e m l c .  
i n  t h e  incidence cf ce tarec t  xhcn t h e  nuubcr of survivors hnd bcun re- 
duccd t o  a few mkals. 

I n  thc two low dosc?g;c lcvels (0.07 2nd 0.014 N) nb nGtiC88bh 
effmts  have buen crbssrved es r c g - r d s  t h e  s d v c l t L e ,  weight loss, 
blcljd C G U n t S ,  patholcty,  changLs i n  ocstrus, or breeding. 
lat ter s tudies  (Oestrus 
consiclorcbly but  a cci..pcriscn cf t h e  cc,ntrbl md experh.ientr1 grcups gave 
very si;A.lar cbservcticns. 

By tho  t L e  the 
brewing)  c u ~ l c l  be dcne the  anir:ds hed e g ~ d  

I n  a l l  grcups cf ( j ldcr  :mL.Lls v,-tricus fcrr.ls cf nectplasrx h ~ ~ e  
The ccr.,pcrttivc;: f roc-ucncy i n  .contrLl and experir:intal grbups develcpocl. 

has nct yet  been detor:.ined cor2pletely. 

h t h d C ~ i C P . l  study cf the t i s s u e s  frm cl&.cls dying i n  t h c  ex- 
p e r h e n t s  described abcvt 6 i v t s  the f cllcwini i n f c r m t i U n .  'dith a L d i - U L  
sin[Je dose cf n e u t n n s ,  t h w e  i s  2.11 ?.pl?.sit cf bcne i . t r r L w ,  x r k d  re- 
duction i n  lyr.:phcid t i s suo ,  dccmerat ive c h z q b s  l e e d n l ;  t i  aplasia cf tho 
t e s t i s  ( tor. . inal  elt;r.r\;nts cnly),  d c s t r u c t i m  cf i n t e s t i n a l  CSICGSJ, a d  
Ecncral a t rcphic  chrnjvsI  
were ricre c r  less shr?rply lcc,?lizec! t c  t h e  blcod fc rn in t  cr;ans and lcnads. 
'dith the  1.4 n/cfcy UGSC t h e  ~ c s t  rx-rkccl e f fcc t  w8s thc  developnent cf 
t e s t i c u i n r  ctrr,phy, 
nctcd. 
chmges co..p2tiblc: with o m l y  c'.ginL wure nctc;. 

I n  t h o  80 r/Jr"y - 10 N/dey oxperi..wt, thc: e f f e c t  

SC,..~: sli<-rit wprcssion of b m e  rxirrcw t c t i v i t y  was 
Splcnic Ltrcphy ?:as pr(.rlucd 1,itl-i 2.n incrczs; i n  f i b r c s i s .  h y  
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The highest d ~ s c ~ c :  l eve l  (1.4 N) wes repGated f c r  t he  spec i f ic  
purpose of follc,wing the  c f f ec t  Gn e s t rus  change, spmn prc;ductibn 
ca ta rac t  f orr2ati.cn. Swiss cLnilxls were used. I n  two Gxperixcnts ca tc rac ts  
2,ppearcd i n  atlimls surviving a f t e r  80% Gf t h e  ori&i.nrl experimental group 
had died.  I n  the  r..c.lz group s t , r i l i t y  was prLmced zbcut t h e  f i f t h  week Gf 

exposure. I n  the  ferzles t h e  estrLus WL?S cLnp1,tcly ibh ib i ted  a f t e r  abcut 
12 weeks of expcmra. 

pigmented eyes were a l s L  s tudiea a t  t he  high l C v c l  (1.4 N). 
were forncd i n  a.ppoxir..ately the  saxe fashicn m~ degree 8s abserved i n  
t h e  albino pure s t r a i l - s .  An in te rcs t i r i ,  a h t i t i c n a l  obsorvctiori i s  thil-t 
th-; h d r  turned grcy e f t e r  >bout 6 wueks cl" exposure and l a t e r  baCd.ie pure 
white i n  those minals surviving tho  r,.edizn l e t h a l  title. 

k group of f e m l e  znirmls cf hybrid s t r d n  with black .- J I : ~  and 
CatZaCts 

Attempts time r.ade t c  ccrrelatc:  'che ttisticul2.r weight W i t h  rnpGsUr 
love1 ~ n d  clanage. 
was noted; a t  O,U, N c h W L  wns doubtful; and cz 0.07 ax! 0,OU N no chmge 
was ncted. 
level ,  
and ccn t ro l  groups, 

per  dr?y t o  deterriuie ;;hethm x- rc l ia t ion  c.lsc produced cataracts. 
tirie when 1.4 N shcwed weight reducticn md m r t a l i t y  increase,  the  ll r 
of x-radintion an inc ls  showed nu chzrye. 
experiment the e f f e c t  cf t h e  1.4 N wcs shown t o  bb def in i t e ly  nore severe 
than t h e  11 4; end t h e  zpprcxir..ate b i o l o d c d  e f f e c t  r a t i o  w@s t e n t a t i v e l y  
placed as 12 r 
s u e  ex ten t .  

I n  thcse animls recciviA.g 1.4 N a de f in i t e  reduction 

Splenic weisht showed ciefinlte reduction i n  the  h i&er t  dose 
Occcsicnd enlarged spleens were noted i n  thc: 0.07 and 0.014 N 

An adciitional experiiunt was c~rrieud out using 11 r :nd 1.4 n 
t h e  

With thc  ccritinuztion uf t h e  

1 N. Cctcrccts  were prcduced by x-rays b u t  nc t  tcj t h e  

Several  cther phnses cf this work w i l l  bc rcported later. 

-. *-. .. , r; 
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S i t e  d c c t c d  - Univcrsity cf ikshingtcr. DepzrtrJLnt cf Fishorics Rcsccrch 
under d i r o c t i c n  Lf D r .  k u r c n  D ~ r A l s o f i .  

PurpGsL - Hezcrds t c  f i s h c s  by bcth e x t t r n r l  r x i a t i c n  md r s d i c t i m  from 
fissiui prcducts & p c s i t d  within thei.., 

Hazcrds r,lnto, t o  ?,her.ic& d s p c r s i m  i n  r i v e r  wr-ter fror;l 
effluent Lf p i l e  2.t H.%..r. 

Haznrds dut; t c  t w g c r c t u r e  e lcv t t icn .  

The i x j c r  i n t c r c s t  i t :  t h i s  study is  t h e  ztte,,,pteil prcltecticn Gf 
t h e  saL.sn runs ia t h e  Cduiiie Iiiv6r, ~ n d  cGrr6cti.cn Lf m y  pro- 
cc;aaint r.,ethcd which i - i i h t  be d e l c t d - i m s  t c  thc: sLfcty 2nd fu ture  
of these runs. 

It i s  c?lsc necessary t o  r e x n e  the  govcrnmnt frorI any c la in  3,s 
to t h e  injury t c  thc  l ~ g e  cnL lucrct ivc sziL..cn industry i n  t h o  Col- 
unbia Rivm. 

_ _  Dctes cf ,vclrk - Auc,ust 15,. 1943 t o  present. 

Protbcol cf t h e  Exr>erimnts Ccntiucted (as cf Dresont dc te )  

m t e r n a l  RadiZhi.cn (by cmtrcl leci  X - r q  clc s q e )  

1, Chincck S r l w n  edul t s  t rea ted  with 25, 50, 100r.; r z l c  2nd 
fc;mle; spzwned 2nd r.ny effect  i n  s i z e ,  GrLWth, c h C .  

Thc 100 r f r y  relccscci t c  r e t u r n  frcrA thc. seE i n  1946, 
2. Hatching bf i?.bcve (1) t c  ycung a d  Gbscrvrtiin f o r  e f f e c t .  

1947, 1918. 

3. Scckcye Sc1r.icn t d u l t s  trc:*tud with 25, 50, 100 r; m1e md 

Hcitching cf abcvi (3 ,  <and 25, 50 r i r y  reloased t o  re turn  

Stee1he:d Trcut hdul ts  trG::.ted w i t h  250, 500, 1000 r. Ob- 

fer,-lc:; spcwnd :rid pcssiblt ef fLcts  cbserved. 

4. 
1946, 1947, 1948. 

5, 
sc.rv:ticn P S  t o  e f f e c t s  on grcwth, r&rtd. i ty  :.nd hist- 
c l o g i c s 1  c h a c e .  

6 .  Chincck eyLd a&t4s 25, 50, 100 r. 

Chincck E$& E g ~ s  250, 500, 1000, 2500, 5000, 10,000 r. 

Hctckink, r - t e  Lnd obuerv- 
a t i c n  cf f r y .  

7. 
Hetching 2nd Lrowth, h i S t G -  
IC& i c a l  ,ff . 

1 0 2 4 2 3 4  
/55 

http://cGrr6cti.cn
http://sziL..cn
http://RadiZhi.cn


8, S i l v J r  S a i n a  
Gn sk in  a d  

9. Reinbow Tmut 

2.dults 25, 50, 100, 250, 500, iooo rb  e f f e c t s  
externd. c rgms . 
adult  m l e ,  f e r d e ,  500, 1000, 2500 r b  Death 

G f  f i s h ,  e f fec t  on spc,&ing t G -  hctching cf eggs. 

10. Chincok FingerlinEs male and fcmcle 100, 250, 500, '750, 1000, 
1250, 2500, 5000 r. 
i n g  of ti ;;';. 2 f c r  h i s t c l c g c L 1  ef fec t .  

Gbsorvchicn c,f r2ortality end section- 

11. Rainbcw Twut ye:rlings czle and fducle;  25, 100, 500, 1000, 
2500 r ,  
spr ing cf 1945 

Observations c i i  the  above t o  sexual m t u r i t y  i n  

12. 

13. 

Chiiiook adul t s  sa le  cnd foiaclc 25, 50, 100 r t o  spzwning. 

Hatching of eggs (12) t o  f r y  s t q e  ?nu obsdTctiGn f o r  e f fec t .  
Rolc,c.se 50 r. a d  ccntrols  t o  rcturri i n  1946. 

14. 

15. E&gs from above (l.4) Hctching a d  ywng observed. Rele%se 

16, 

Steelhead male and f e r d e  25, 50, 100 r. Treated and spawned. 

100 r and contrcls  t c  re turn  i n  1947, 1948. 

Goldfish m l c  and fen=.le t re2 ted  with 25, 50, 100, 250, 500, 
Obsuxwticns ns t o  o f f c c t  tn 750, 1000, 1250 and 2500 r. 

r x r t d i t y ,  !-dstclogicr.l c h a n p s  md brcwth. 

Checdcd. a d  Tcrgcrcture Ch? ni cs 

H wries G f  spec ic l  ponds wes constructed zt  tni: H.E.... a d  so a r r q e d  
t h a t  t h e  wclter supply be conncctcd with t h e  off lubnt  Gf t h c  plcnt i n  a 
vzr ie ty  cf weys s c  th:t t h e  e f fcc t  cf v ; r icus  concentrcticns of plant  ef- 
f luent  et vcrious tel;iprrrturcs cculd be t e s t d  on salr,on ax! t r o u t  adul ts ,  
f ingerl inEs and eggs. 

Ccncontrations adopted using r ivor  wctcr es cclitrcjls were e f f luent  
pure c c n t e i n i w  211 t h e  sr . l ts  zcd being cc;clec! bcfcrc  t h e  t m k ;  e f f luent  
refr igerated,  m d  eff luent  nlixed with r i v e r  wc?ter i n  the following con- 
c e n t r c t i m s :  - 1 t c  3 ;  1 t o  10; 1 t o  50; 1 tc, 250; 1 t o  500 mcl 1 t o  1000. 
Steelhead trwt 2nd chincjok s a l m n  viere t e s t e d  i i i  t h t  s a x  tanks dividad 
by p : -d , i t i as .  Tie f e r t i l i z e d  d m i n  eLks were plzccd i n  i d e n t i c d  con- 
centr&,icns l z tk r  i n  thc cxpcrimct  . 

Vcrious t a t s  cf spccic?l ,.atoricls uscd by t h e  plcnt ( o i l s  ilnd tho 
l i k e )  were c.lsc, t cs tcd  i n  tkic r ! o ~ ~ a l l y  used d i l u t i m s  i n  such t t n k s  2nd 
t h e  e f f e c t  Ln t h e  f i shes  .3ncI c ' :cs  cbserved. 

hbsorbed RF1CliwVc t i v i t  .y 

water ci;ntai;iink bcth mcl shcrt  l i ved  fissicm prcducts. Fc.llC;dn& a 
standard cxposurc t h e m  were I t i l l d ,  cshc,! and exncincd f w  r e s i d u d  radio- 

Adult f isi i ,  eggs and f r y  w r c  exposed t o  cci icuntrat iws c;f c f f l u m t  

t0211.235 



Current Obsorvctions 

FWict ion - Adult Fish - no observable chcngs i n  m y  species made E f t j r  
exposures t o  25, 50; 100 r. Definite increzse i n  mcrtnl i ty  i n  t r c u t  
exposed t o  1000 r c r  more. Chznges at 500 r Show very l i t t l e  d i s t i n c t  
evidence cf dmage i n  grcwth, weight chmges. Scrm cytologic&l c h a x e s  
of t r r n s i e n t  ncturc obsoilreci i n  the ,,ut a d  a n t x i o r  kidney (base of 
the henetopoctic systucs. I n  sr.zall goldfish the chmkes occur 2t & b u t  
t h e  sane level (1000 r) w i t h  tctz.1 mcr tz l i ty  L t  2500 r. 

EgGs. I n  t h e  G:.ed s t q e  ( i n  which t h e  eye pigrimntaticn 
firs5 begins t o  shew t h e r e  is r? definite. ret&ru-ti.cn i n  grcwth at  
1000 r although h i s t o l c g i c z l  chcnge i s  first cppirent & a lcwer 
level 250 r. 
and a n t a - i o r  kidney, 
1000 r l e v e l  as Gbserved cvcr 2. period of t i i x  m d  c t  2 l e v e l  i n  CXCeSS 
of t h i s  but l e s s  prob,?bly t h m  thu cbserved 25OO r. c 100 pcrcdnt 
mort d i t y  i s  reechod b 

h i s t d c g i c e l  chan,es cppecriag ct this l e v e l  i n  the  spleen 2nd 2.nteriCr 
kidncy which i n  t h i s  fori2 i ; r G  s i t e s  cf b h o d  fcrr.iation. 
approxii.tate 25 percent tLc,rt?Jity is ru:.chod f e r  the severa l  specics. 
sorm point i n  excess c f  2500 r. ti 100 pcrcunt t : c r t d i t y  cccurs. 
unatuly nG levo1 of 2.n intermciizte  stc.,e L;utweun 2500 r.nd 5000 was used. 

observed of s i g n i f i c m t  nctttrd - s t o  s ize  cf hetch, f e r t i l i t y ,  a b n o r r d i t y  
of dcvdopin; ckgs ?neL the l ixc.  
the  1000 r. level  ES notcil ih.bcvL. 

As i n  t h e  above t h e  mst sens i t ive  t i s s u e s  cre t h e  gut 
A 50 je rcent  n o r t n l i t )  f igure  cccurs zround t h e  

. I n  f inger l ings  2. r e t t r d a t i o n  i n  grcwth occurs E t  500 r with 

A t  1250 r illl 
i t  

Unfcrt- 

In the  radiZti.cn clf perent f i s h  u n w r  500 r. no chc&es h a w  been 

Significc2nt chcngcs do not zppecr up t o  

S t z t i s t i c a l  a n d y s i s  cf all sc,ta ccnccrnh;; the above p r ~ b l e m s  

Data w i l l  appecr throughout 1948 cn the m s u l t s  of t h e  f i s h  t h a t  

i s  i n  proircss ,  but nc repor t s  have been subi.,itted f o r  surveyI 

hzvo Cone out t c  s1;a ad. rc;turned t c  spawn. 

Chwhx..l and Tci;,pcrcturd C k n ~ u s  

Bcth f i shus  cnd e g t s  cxpcscci t,, the e f f luent  u n r 3 f r i p r c t u d ,  
rcfrigor:.tei :nu i ~ ,  ?. 1 t c  3 ccnccntrzticn shbw h c r c - s e s  i n  i.'brtclitj cf 
s ip i f iccont  d e p c e .  

cherxical in jury  t G  &ill structures :md pcssiblc rcspirctiori  cf the egg. 
Cirt?.in cf thL: checiiccls ?ls, increczse !.,crtt.iity duo t c  ac tua l  

Incrccsc i n  tenperctur t  dccs nct influeiicc the sevcr i ty  of thb 
devslopr,ient but only i n  t h d  rzp id i ty  L f  cnset,  
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- Abscrbad Rcdiccctivity 
I- 

Nfter l i v i q  i n  e f f luent  ( p i l e )  wrter  f b r  cs lcng as tbic iicnths 
undor c c n t r o l l d  ccnciiticns, t he  c-ksorbed an; depGSited rad iocc t iv i ty  
Was r.;c&sured, 
r-zjor porticln cf t h e  d e p c s i t i a  wvcs i n  t he  forr., cf t h e  short  l i ved  pr~ducts. 
Only t r ccos  cf ICIQ lived r a d c c c t i v c  r;r=terials were fourd. As cwrd tz t ed  
with t h e  e f fec t  Gn the  offcct  cf external r a d c t i c n ,  the  dcs2s;c r t c d v e d  
w2s cklcst nc,li,ible co,..pcrd t; thc t  r c q u i r d  t o  prcducc dc:,.-y2~, r.s such. 

I n  nc i n s t &  ncc was it c rez t  t;nouEh t o  cause da;a<e, The 

iippiici t i o n  cf i . i s u l t s  

KncwlcL,\;: cf thc t c t d  a;..cunt ,f ac te rna l  rcrdiatim nccssscry t c  

Thc cssubpticn t h a t  this ccncmtra t ion  10-10 2s &lutec\ is t o t a l l y  

cause da:.ap t:. f ishes  cf v r r i ~ u s  sizcs and qc;s  i s  applied u i r e c t i y  t o  t he  
m d y s i s  cf t c t c l  redioactivit jr  l ibera ted  by the  p i l e s  i n t c  the  C d U C h i C  
U V C r .  

obscrbod md a l l  i s  & r a t e d .  
s tud ie s  on the  abscrption vf t he  v a r i w s  prcducts cnd t h e i r  e f f c c t s  cftcr 
kncwn exposures is d s o  inciuded. 
kept below t he  hcmrd l e v e l  f a  s c l w n ,  
t o  t h e  chcrAccl an.!. tmpcrcturr-  hazLrds is well. 

Further appl iczt ion cf t he  C l h t c n  Laborztory 

In  this fcshicn ccnccnt ra t i ins  can br; 
USO t h i s  i s  t rue w i t h  respect  

Future Prcc-rm 

sists -f (1) follcw up of the  prescnt expork&nts extunding thrcugh 1948. 

(2) Ccntinuaticn Lf t h e  exposures t c  cherdccl riztsrials cznd alsc 
cbscrvcticns cf pcssiblu e f fuc t  i n  thc  ColurAia R i V G r .  

(3) CmpletiLn of t h e  histr; lcl; ical  studies clrezdy i n  progress Gn 

(4) Nc prcg rm which is nct  c c q l e t c l y  relc?ted t o  d i s t r i c t  oper- 

The p rcg rm thrcubh t h o  next yezr i s  already zuthorizcd c?nd ccn- 

f i s h e s  dmaged by t hc v2:riety cf X-ray i icsaps.  

a t i c n  is necosscry. 

Rmuneration: NG rrdiziticnai funds ncccssary t c .  ccir,plets present study. 
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