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Sinoo tlie nlants  s fartcd opers+5arr bof'ore sufficient dsta oould 
be a t c e t e d  t o  esta5lis!i o xNLximun allomblo air concontration at t-he 
dusts of the u m i m  apmou*tds in the D l a ? r t s ,  such o safe love1 had iio be 
SQf arbi trsr i ly  a8 Q temorary eripirical standard. 
a.-bny. the nedicsl  authoritiec of tks ''anhattan project *.-!m t I l a t  5% m s  sa& 
t o  adont the sane standard BE e& for lead by the A m r i o ~ n  fitandardo .isooc= 
iation, i.e., 160 nicnyrans per cubiu motor of nlant a ir  os tho rnx5mr-1 
allo?zbIe dust conuentrntion. 

TJie aonae--sus of oninion 

In order to detenlim as miidly as possiSle tho ovornll ccr :~rsc  
tivo taxicity of tho var ious  umnim ca.ipounds, t l i i r b r  day inlralaticm and 
ingo&fo?l exnorinen-ks ~ m r o  initintod ix diich I?. nriot:y of  ar,Fral qmcies 
mrs oxqoood to these conounds under conditions :.diicli shulatad as marly 
08 -osnible Qie mndi.t;ions nrewlont in tho industrial 4 a n t s ,  In addition .. 
Ib Lest, ''eurioo, Ins. Chm,, 7:. 9, p:. 247, 1926, 9 
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4. Yethob for mao-nition nrd rcontrol of poisonfnc.,. 
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Table XI1 represents a s*xamayv in nfiich th Mgh, mid and l o m  o m c  
centrations or" uranium eo~pounds used in the ohnnbrs a m  corp.~lwd in thelr  
offbcts unm four animal species (clop, rabbits, rats a,* :doe), rrlth relation 
to abnoma1 cfmyps found in the lungs and kidneys a t  R U ~ O ~ ~ ; . I ,  abnom1 find- 
in-s in the blood and urine ohanistry, a b n o d i t i e s  in the hemat;onoietic 8y6= 
ten and effoct upon wight .  

These e ~ r i n e n t a  indicated tht +!io toloranco figure o f  15.; nfcro- 
rmm of uranium cmnound per cubic motet of air A a i n l y  insured a maXi:m 
fimm of safe ty ,  for e t  least thirty days of constant ey>ormro. 
quostian T J ~ E  whether this slarre f i , p re  vrould Still be a safe levo1 if the ex- 
posure mm longer than thi&j days. SPnae t l u r  plants of the "'azhattan ?'ro- 
ject ariticipated onemtian fbr the durat ion of t he  rwr a?d possibly longor, 
them m s  a renl noed for infornation a'uaut the nossible t o ~ d c i t g  of the  var- 
ious uranim cmnourrds as ci m a l t  of chronic QZ~OSUCB. 

The noxt 

*It will be mtod U1a.t; thore i s  a slight :aoortalfty anonc %!re aninal spoiec in 
the lam concentrai;ions but; if raferenoe i s  =de to Table I, it w i l l  be noted 
that tfiam m s  n slirrht mrta l i t y  cmn u r o r i i  %!:e control animals. 

- 3 -  
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Table N summnrfzes tho data  available to date. The exporimnt7 
ehmbere have bean in operation fmr? four t o  eight noiitks. Your a!.irx~l upeoios 
are repmserfe8 in the tablo (dogs, mbbits, rats md nica). Again, it io  to 
bo noted tlst only E l t l i r l s l  toxio e f fec t s  resulted at tho Iiimr dust conoentra- 
ti@, and no toxic effecrts ham bmn o'bservod at the 1017 oanoentration, Thia 
low oonomtration is st511 wll above t?ie establ ished arbihary tolerance l e d  
of 380 r!ioracm?a af ura,?i.m crmound dust per mbic netor of air. 

Tn addition to 4Aesso cvlFarr1 oqerkients, a pro,clrarz m6 oarrled out; 
to study the effectiwness of' w r i o u s  faoo masks. 
d s  m a  to cive added ?r&oction to emloyoes in GUW) of nocidontal ramin%- 
to ry  o r ~ o s u r e  to hirji canoentrntions of the uraniun comounds. 

The ~ U ~ O Q S E J  of thom omeri- 

Outline 02 2 c p r : r : m n t a l  %suits on lnllalation of Spcictl C e o ~ . ? d o :  

YiEh Concentrations o f  F, (Acute): 
level of 10,000 n?m for five ::ixutes t o  LYve hour6 vi* the mortality porcent- 
ace at 30-100 in three snecies. 

Testad at a comentmkion time 

Death mc. caused by luny, a-.d kidney da?age. 

- 

Chranic ? ~ ~ O S U -  t o  F,: 

1, On a thirty day experiment at 4 pm e lom nortality observ= 
ed. 
f lmmtion Y?QB observed. 

k m t h  m s  unahec'ed in a l l  species exoent rabbitc, S a m  m l ~ o r n q r  in- 

2. At 0.5 ppm for thirty days no offoct m s  observed. 

Yxnos9re t o  C,I;;Cl (P539): 
1 

1. 

2, 

1'0 rmortalitg at  100 p p  for  fourteen hours. 

V e r y  lam mortality at ,500 ppi for fourteen hours excewt 
in s i n e n  nigs, 

"!xpomre t o  C2144 (hichly nolynerizod flurocarbon) : T:o xoFtality 
rqm for four hours. 

0 0  I29 
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C r u  

.@) p p  for fourteen hours aad refined ahowed no mrblity at 

C3FIs cmde showed lm nartality at 8 - 100 1)pl3 for f o d n  hours; 
Fomskot shmd 1mr'mrtBlity at 100-130 qpn for fourteen hours; 
Ti'irst fraction shmed no mortality at 272 npx ancl lm m h l i t y  

Second fraction shoned no mo2ttality at lOoQ g m  f o r  fourteen 

foreshot S l l m d  no nortalfty a t  100 np? at fourtoon liours; 
showd ~ W J  mortality at 3053: ppen a t  fourteen hours; 'a, 

4600 ?,pa for f ive hours.q 

at 375 npn for fourteen hours; 

houm 

$3 rx. % estian Sxnerimontst 

3 
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I. Totmtion Studies and ' ' ~ r t . t ~ l o  !:izo: 

'>&ods: Aocurnto -ietIioc!n Invo bean c!evelopod for 4210 -:onsum- \ 

yent of *.e %rtiale s i ze  of' uranium connounds in air., Theso taohniquas are 
uaed in the cont ra1  of tho conaerztrntion of the uxw'liun camuunds in tho 8x1 
ne&rtental M n l a t i o n  o!&ers, cnd in tho nonitorby: of t!lo coneentrat;ions 
of sucrh ocnnounde in hdm5rial areas r h r e  hunans nm sxnosed. 

Teohiques for .tho fmotionation of tho pnrtialsc of Uranim ucm- 
now-du 5nto lots of tatiPon s ize  have beon devolo-d. 
oxnorirasntal aaFvrls to perticlea of hm Giee car: be deternilled. 
a y ~  data frrc?ioateo that tho srrutll particles are mat toxia. 

In t h i s  m:r ervpocuro of 
1%li-*- 

"&hods for tho qmiforr. msyncion o f  mch  mrtialos in e-15- 
nentnl ahexhors !nm a l so  Seen developed, 

A awtkod for t!m t3basura;aen.t; of tb total dust inhaled b:z an ex- 
nerimental animal is alnost cormletod, and nrolinlnary t o s t a  are SatisPnctOrJ. - 

2 . "Iraraacol0p;y: 

Lipids in 'Traniua "oi son iq  (13aven .'148): Follcnln? aqosuro to 
t0xio a?oun%s of urnnitam ~onvotxnfls, t h o  total l i n i d  of tho limr and kidney 
ts=rd ta be h S 6  than ntrrwa'f duo ta the increased a t o r  conhnt. lioom. 
tend t o  be found after exnosums to iimit~ nit rate  and o x j f l a o r i d e .  The .J~Ios= 
pholi7id fatty acids o f t h e  Ilvor are more unsaturated than nomal; khoSe of 
the blood, =re unsaturated; tmd those of t ho  kidney, lens unsatumted than 'b normal. In pmeral, there is no affoct on the t o t a l  cholesterol, In t h o  liver 
them 5 8  an increase in o&r cholosterol and a deoroase in fme cholosterol, 
In the W h e y  there is on incroase in ester cholesterol and no clwwo in the 
fm form. hdmml u110lesI;erol is decreased to ono-half it6 nov!I  wlue. 1% 
is not knmm diere tho char-es in tlre unnahiratfon of the phoqholi?Id kko nlnce. 

9 

lactic acid sodi& lactate, calcim lactate  end-ossorrtial Patty  w i d  a&iinisl. 
tnttian. 

IEBnsl extraats delayed 'at d i d  not deomase tho nortality frpm 
lethal-doses of uranium nitlnte. 

Adlenal corbical homnea also caused a delay In W18 -ol.t;alit;r 
but no rednction in it. 

O r a l  sodlun bicarbonate and sodim cii;mb mduced the mrtelfty 
by ar, aymmiablo ~ r a e n t a ~ o  in nitrate poisonine, 
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lis bfoaftmmte in %e treatmnt of umniun yioisonins. . A throe to four fold 
ixmrocrse ir? the o i tr io  acid oxamtion is noted after uranium p o i s o w , ,  
is no Z W h t i O Z I  betvmoai t h e  citric acid and urrrniun contents of bans, 

"horn 

The ?Cffeot .of Fluid Intalco on Survival f m  'hvmium Polsoniny,: 

nhoephorylation tauwd '&r the ertrrikstration of k n i u m .  
rate of equili3ration in bone is noted, 

A"sli$~tly 1m1 

3, Tolemae Studies (IIavon) ( ' 2 . 2 9 ) ~  

Tolerance c m  be divided and studied in t?s classifioations of 
aatunrl and aequimd t o l e m c e .  

% . t ~ n ~ l  T O ~ ~ Y E L M ~ :  

Q, Smcies d i f f e r e x e  as illuotreted By tho fnct tfnt afdte 
xica w i l l  toIerat0 a r e a  time the acute (IOSO for *-is*r b t 6  (5 ny,h~); C ~ I I  
mice nil1 tolerate mre t-lmn ten tines tho  n c u k  dose for rata, T!?e f o l l o v i q  
table shows the oldor of susceptibility of various cuihals to umxlun nitrats 
b&h By injection (percutarrOou8) and by inl;ostian, 

0..1 . 

0.2 
1.0 
5.0 

/ 
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rats, a8 illustrated by tls follo-AW tablo, 

'lOZFZ 
Y C l 4  

.o 2 
0 .I 
0.5 
10 eo 
20 00 

0 .5 
1 .o 
2 .O 

20.0 
20.0 plus 

0. 'bles trm more tolorant tlw females. 

B. 'Isterforonae in pwwbh of rats by the folLoving ulaniran 
m ~ e t m d s  a8 an index of toxioity. 

0.1 t o  0,255 of 302F2 In d i e t  am686 8c!m cronth interferonoeo 

me yonr ewriasnt  

?TO 
d L a t  0.85 of diet causes detechblo growth interference af'ter tn0 

T T O ~ F - ~  at 0.25:; of diet causes r,rant!i interference Brter tm -pars 

and UF alrnast non-toxic ovor neriod of b m  pws at 205 of die to  
'3 

years of feed c. 

of feedinC* 

hcqui red Tole m c e  : 

a. h t s  noquire to lomce  f'ar lotlxd itosec of u=aniuzi nitmte 
ard chloride by the repeated adriinistration of mall doses f m  day ko day, 

3 
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- 2. A ton day irrtorrml shm no aypreaiable mortality 
occurred until 16 q / ! : e ,  doso TKLS Given (tlimo t i l es  
lethal dose). 



d. 
m o o  i e  acquired is 

e. 1 

aitrio aoid excretion i G  at ito w a k ,  

. 

A. IIomwlent ura?liim = an0 dose (5.v. V02(1703)~, (rats) atral:~ses 
fm e neriod of forty-five nirnrtes after injection to forty days after injection 
Shm that: 

b, nlood oonaentretione dropped t o  less 0.1 m-/lOO cc in 
four hours, 

e.. Soft tissues at neriods sxcent the for tyd ive  rninute 
neriod show less *:?an 2: of total  iloee. 
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b. J3looc2 drops *:ore slorrly tlmn 1ie.eXaMlant ummiw., but rxhons 
6 aonasnfmtion of b a s  than 0.1 ry at twelve ?loursr 

0- Kidney ioitially carrtriins 15': of the dose, M l i W  to 1:: 

All BOR tissues exceyk limr and spleen dim! lees  tlmn 2: 

at forty days. 

d, 

e. L i v e r  and spleen initially oontain SS'? of dow, all- 

of the dose. 

to Sda+ for tydap ,  

am the smt~  as 'the sbave w i t h  the exaegtion t h k  less retention or ranid IT)- 
=oval owurn in the kidmy. 

C. haub dose rrith radioaotim isotope ('T 232) (rots). 3eeults 

D, &alps on ani=ls exposed by inhalation (c!mmia ozposure). 

Soluble ommounds shorr no rote-tion 'by tlro lfver or lw rhth 
a Wnrdual rlae in the bane and ktdney omcentration. 
annmxirnate levels to tdiieh t h i o  cunoentmtion rrt11 rise hiavre not. been madhedo 
Current obwtmtions indicate tkt t!ae u r n s  a m  still risw and ham not 
levelad off. 

At ale prosent %izB the 

Canoestratione in tho bone in no my npproadi those folt  to be 
g 3 t o r l o  f r o m  a radia'tion stnndnoint, 

In the insoluble oo.:?vmda t?? l u n ~  coStinuos t o  &an an in- 
areasin? oorrcentmtfon of uranin while the kidney and bone ccoltain wry s-all 
(aliphtfy more than trace) a~ourrts. 

R. IlnaPpes of AnFmls exnosed t o  uranium by alironic ingestion. 

The beam in ahronic anittals mns throe to four tL-6 t3m ob- 
eellped clonoentraticm fn the kidney. Lelrols in bane un to 450 nlorogm!s per 

of bone have been obaemd. 170 plaoerrtol transfer of uranium owurs. 

F. Ibcl.ranisn of Deposition in Eone, 

a. Sn oi tm - the bone n3sorbe the uTBpim frcx n l a m  ultm- 
Eiis renova1 is very mnid, reaching Piltrste ard from a-tm buffer. 

a steady State in tmrrty-four hours, Conoentratton ratios of bone to buffor 
m- mn- +!,an In00 to one, 

. .. . . . .. . . .. - . . - . .: . . . -  . 
. .- _ _  
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nlmd potfa ssiun and Carbon IEibxide: ??o ahrqee 1'1om observed in 
the 3lood potessim and blood protein levels f o l h r t i q ,  o m o o r e  t o  tox io  con- 

u.12 - 
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centratiabs of urarliur~ nit rate  ( 3  

renal Cloamnces: 1~'olloviq; oxpossros to urnniu~~ nitrnto at 
3 3.0 r i z h  the innl in  olearanco is ilecreasod machinf: its * l a x i n u l n  duriq: t h e  

t h i r d  rme?: 0:' exposwe v i t h  a roturr: to noma1 at the  fift;!i vma!:, 
olearance falls abruvtly to frcnn 30 t o  751; of i t s  noma1 value et one ~ r n o k ~  
::om1 values a m  o b w , e d  a p i n  in ay/pmximtely tldrky-fixm days, 
a naintainod incroase in t h e  chloride clearance. 
TFIT. 
TSio urine oatalase levols meach t!mir :?axirlun a% t k e  lonost noin t  of the dio- 
dmst alearnnce e 

7210 diodraot 

!here is 
:-o c!mn~o io observed in t!le 

Dr&einuria is noted di~ring  tho first three rmeks o f  the e v r i ~ e n t ,  

The conclusions dram f m  such obaemtions indicnte t!at umPm 
causes a decreased tubular f'unction rhich conpnsates as t!:o'aninalo recomr. 

6, "aohani a? I Section: 

a. The toxicity of uraniun for tho kidney %ubulos dbpend~ on ths 
release of -&e uranyLian by the b r e a k d m  of the uranyl-bionrbon&t9 ample% at 
8 lm pTb '?he 
unmyl-bicarbomto conplox p s s e s  throu22.1 tho gohemlus tnta the tubula at 
rkich point the prT falls belon c leva1 of 6.5; this causes a breaLdarnr in ?&e 
amplax with t h e  nC0 radicle  boinz msoibed an8 the free u.z%nyl ion mr &le 
to attauk the tubular aells, 

The nechariim by xhioh the kidney is in,jured is 16 follms: 

3 

Tstmmlont urnnim omibines rritk :)lasda prrrteina mil doos not b, 
-8s tIm@ t he  ylmrular filter unless pmtein alaa is paSS%ngm 

C. The roduotion of hexavalent to tetravalent nrPniur3 is dyzmlttu- 
ally possible in the a-xbal b e  slt;hou-fi such a reaotim i a  undcubtedly ttgry 
slm !?ha reduetion of tetravalent to trival- 
ent is hposs ibb.  Perrtaveleat uranim is too unstuble to exist. 

omum t o  mly a -1 e-, 

8 ,  Eo ?olyaerilation of uihzlfu~ OGOUTB under ooaditions canl>a+- 
ib l e  w%th lifb. 

- 13 .- 
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i. It i n  thcur,ht t!nt bicarbonate is t h o  most iTortant carrier 

I t  is conceived elat t!ie 1wxamlont ion  is doSJosited or shows an aff in i ty  
of hexernlent unmim. Sodim citrate nzu bicarbonate incronoo urnniun excm- 
tion. 
for onithelim and file tetmvalent i o n  for enctotliolium 

3. 
1) the mal l  dose s1:ovs no cf 'oc5 on substm*ces ni:fch fileer throuy,h  t f i s  ?loner- 
uli ( o m a t i n i n e ,  xylose, i m l i n ) ;  
mabeorbed i n  tho d i s t a l  hnlf  of the nmxinal coin-olutod tubule (c!ilorides, 
amino acid.ni t rogen);  3) Thoro :my be an increase in substances m r t i a l l y  reab- 
sorbed in t!m ?roxfmal cozvolutod tubule (ylucose, uma); v d  ~ O C ~ O R S O  cloam-ce 
of secreted mbstarces (nlionol red, A;oclrast, hinpuran); 
anparerrk filbratlon in ~ l a e r u l l  by tho blockade of tubules  and diffusion of 
mator soluble wterial aomss derluded tubular r m l l  and thus reduciny, a l l  c h a p  
ancest 5 )  In catalase oxemtion in the rabbit;, this su3stance is nomal ly  n o t  
i'ilterod or  secreted by the M b y .  The a3ount of catalase at o m  and a hnlf to 
~ J O  hours after oxpo8uw is a linear function o f  the B:!ount of hexavalent 
uranium given. 

The e f f e c t  of t'ta uranyl ion on runal f'unction is az~1 f o l l o m :  

2) There is a n  ~,ncroaso c loamce of substances 

4) h q e r  doses roduce 

The hezamlant irm i n  at loast  Sour t k t e s  as ef2ective as the 
s tetravs1er.t i n  oau&Z;,.; the appearance of  catalase i n  the ur ineo  

111. General Conclusions: 

In oonclusion, t!ie purposcs of this orrtire resoarch ?royran m s  four- 
folds 

1, To su?ply in fomat ion  v!-J!?ich would bo h e l p f b l  in t ho  esttllJlish- 
ment of a m a x i x r !  faotor oi' sofat;. f o r  the em~?loyoes e ~ o s o d  t o  t?io uraniun con- 
nounda, 

2, To finrish data ydiich rmuld establish early indices of u r n -  
itm toxicity, 

3. TO find helpfbl  prophylactic and therapeutic measures t o  co- 
bat possible acute and chronic effects of t!.sse substaIsceso 

4. To furnish eviderice t o  t!ie rslrhattan Gx@neeleln~; D i s t r i c t  
mioh would be lielnful in the event of la17 s u i t s  by enployoes for injurios to 
heal th  attributable to these coqounds. 
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13.5 
2 .o 
0.2 

Sovoro to "mlemk 
*-aclorato to Sovoro 
. .one -. 

Seporo 

S l i g h t  
.'ad. t0 08VOXW 

10.6 
2.4 
1.37 
0.64 
0.W 

11 *O 
2.0 
1.1 
0.26 
0 011 -Iz 

T :ode rate 
s 1 i@lt 
Absent 
Ab sent 

I9 
9 
2 

SliW 
Absent 
Absent 

? fodo rate 
AbS93Zt 
Abseat 

22 
3 
0.6 

T '.oderate 
Absent 
Absenf 

"ad. t o  ~ V D W  
Absent 
Absent 

-- 
$1. or absent 
Absent 
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1 

t 

15.6 

Ut0 
10.0 

19 
14.2 
17 
.22 

0.2 
0.114.26 
0 28-0 e69 
2 
0 r 5 
0.6 

75 

73 
14 e 6  

34 
10 
39 
13 

s5 

15 
n e 6  

2 
2 
7 

2 
7 
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s o n t r d  

rJ*2.0 
0.05 
Ub20 
0.05 
1*3 

0.45 
0.15 
0.05 
3 .o 
0.50 

1L .o 
1 .o 

O.Ln;(i’l 

6 
4 
7 
5 

.E 

Slight r e n d  damage 
KO t o d c  effect 
Lo toxic effects 
Le t o x i c  effect8 
SliLht rend. d r ~ ~ i p  

u i t  :. subeer-writ 
recovery 

!io toxic el‘fects 
Eo tox ic  effects 
Sl i l -ht  rem1 riuc.a&e 
KO toxic effects 
lio t a x f c  effects 
LO t o x i c  effects 

i.0 t o c  oi’fects 

4 

- i 
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: acetate Hats 0.5, 2.0, 20 ; of diet 

4 
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a taxic or s l i g h t l y  t o x i c  

t3 
derately t&c 
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0.2 

0.1 

081 
0.;5 

0.1 
u.75 

U.1 
bo75 

b.1 
L' 075 

long (3-4 weeks) 

long (3-4 w e e k s )  

l c q  (3-4 weeks) 

short (4  d a p )  

short (4 &ys) 

snort (4 d q s )  

short (4 tiays) 

b 
0 

0 
0 

0 .  
G 

0 
0 

3 
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I .o 

1.0 

1.0 

1.0 ether 

2.0 l a o l i n  

1.0 lmolir1 
1.0 vater 

1.U lanolin 

L O  l ;noUn 

1.0 

1 .o 

4G ILs. 

0 non toxic 

0 ncr. toxic 

0 Lori t d c  

1 ;.ius bnal c l q e  at c;uto;s;. 

2 plus I t  11 IT I? 

c 
0 

II W n n 
n n n U 

II H n n 

I 1  r( n n 

0 

0 

4 plus --- 
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RW>LTICN SECTION 
II  

Film Uonitoring S tudies  f o r  d & e r d n a t i o n  of rLdic t icn  exposure. 

For the  PWPOSC of indiczt inL the in t ens i ty  of rdic?.t icn t c  which 
pcrsonncl are exposed, f i l m  hzs t h s  zdvcntclcc; cf beink subjec t  u~ fewer 
accidents  of t he  type giving grcss Lrrcrs i n  reeding cf ind icc ted  exposures. 
Pr inary disndvzntLLe i s  the  fxt th:t bl:.ckc.ninG tc .  equcl ly  b i o l c g i c c l l y  . 

hazardcus anounts of r e d i a t i c n  is dependk t  upon thc  neture  and V;T.VO l e n t t h  
cf the r ed ia t ion ,  
Type K Eastnan KcdEk x-ray fiLi r,Ede up i n  t h e  s ize  cf  den ta l  packets i s  
used because of i t s  E>rctt s e n s i t i v i t y .  k c d  cross  i s  ct tcched t o  fiL.1, 
mziking poss ib le  by d i f f e r e n t i a l  dens i ty  roadings cjf dsvclcped film both 
outs ide cf end ccvered by t h e  lecd cross,  t o  masuro  the  r e l a t i v o  ar.lCunts 
of inc ident  be t a  md ~ a r n m  rn&i.eticn ad t h c i r  quc l i t y  as well as penetrzt-  
ing  powor. With proper c a l i b r e t i c n  rect;linp ilre mde  i n  r units c r  t h e i r  
equ ivden t .  

I n  p rec t i ce  th?s e f f ec t  has been l c r c e l y  GvcrCGl-LE.. 

-c 

Suitable f i l m  holders were acvdcped  2s i d e n t i f i c a t i o n  bcdCzs f o r  
p l m t  personnel. With each bz tch  of , f i lm me.  develcped c n l i b r a t i w  s t r i p s  
of t h e  sane f i l n  which hes been exposed t o  k n ~ w n  6rcUuated U.-.LUntS uf @GL2 
r ad ia t ion ,  Use of these  c&brczting s t r i p s  nakes i t  pcss ib l e  t c  co..pensatc 
f or-unavoidable varico-ticns i n  d c v e l o p e n t  techniques as w e l l  czs bztch de- 
veloped vz r i a t ion  i n  f i lm  s e n s i t i v i t y .  

’ 

The r e s u l t s  cf t h i s  s tmdzr6 ized  study h a w  been used i n  monitoring 
personnel i n  all pnr ts  cf t h e  ?.mh;Lttzn D i s t r i c t ,  cnci a serv ice  d i v i s i c n  
has been s e t  up i n  the  l zbore t c ry  here t c  supervisJ  and i n t e r p r e t  t he  r e su l t :  
sc cbtained. 

Developrimt of Neutron Sensitizers f c r  F i h .  Wl.rk. 

A photopaphic  f i lm  packet hcs  bcen devcloped surrounJed by c f o i l  
of ccba l t ,  rhr.diu;.-, c r  s i lvc;r ,  Thesc r-lctals are sens i t i vc  t o  slow neutrons 
and emit be t2  L ~ C !  gan?, r x l i z t i o n  when Lxgcsed t c  ncutrcns. 
e r e  worn by su i t cb le  prsclnnel ,  t h e  hurx.n boay with i t s  hiGh hydrcjgen ccn- 
t e n t  slows dGwn thc  f r s t  ncutrcns t o  slcw n e u t r m s  &ich  i n  t u r n  c c t  upon 
the mtd of t h G  f c i l .  Thus b c t a  and p i i c i  rr-ys c r c  cckt tcd which blacken 
the  enclosed f i l a .  
peckets c r c  attclched tcj t h c  si&s of wcter cLnt2iners which ~ S G  s ~ m e  2s 
a neans of slowing t h e  fest neutrclns. 

Developr.mt cf In s t ru ion t s  f or  the  i.;easurer.ient of h d i c t i o n .  

If these badges 

. 

FLr thc i x n i t o r i n g  of l w r t i o n s  thcsc; s p e c i a l  f &  

T k  fol lcwing in s t runen t s  hav, been designed, fcbr icated,  ana placed 
i n  operation by t h i s  sectiLn: 

1. 

2. k surface zlphn iaetar.. 

4. Alphe electrometers ,  
5. Alpha counter’s. 

An all purpose (vme)  r,&etLr f c r  tho  necsurer.snt of be t2  ml 
cwiriz rcd ia t i cn ,  

A bu i l t - i n  alphe u t e r  fori neasu rdxn t  of hmd exposuri:. ’ 3.  

i 
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BICLOGICAL RESEARCH SECTICIN 

1. Letabclisr-: clf Pclclniun 

A. hhal Exp er i rxn t ? t i c n  : Fc 11 iwini i n t  rcve ncus &.Ci.ni s t r t t  i on, 
t h e  ur inary  excret ion in bcth high 2nd low G G S ~ ; ~ S  a.Iuunts  tc. 0.02 t u  0.1 
per cent cf  the i o s c  pcr day except fc,r thE; f irst  c ~ y  whcn thc  hiLhcst 
cicso shows th ree  t c  t e n  t L e s  the rFhe of excrbt ion.  The feed eXCrctiLn 
i s  approximately twenty t i i ies  t k  
t o  seventy tirms cn t h e  tcrhh dey 2nd six tir.,cs on the f i f t i e t h  dcy. The 
r s t e n t i o n  e q u d s  twenty-five per  cent cf t h e  dose i n  ti;n dzys, f .  r t y  f i v e  
per  cent on the f i f t b t h  dcy, stxen pcr ccnt e t  130 dcys cnd 0.7 pcr  cent  
at 300 days, (This includes r ac i ccc t ive  d.ecZy c;n the  Ut0 dcy h a l f - l i f e  
b a s i s ) .  
lynph nodes, k i h e y ,  bono mrrcw, a d  blopd cells vrith the  h i t h c s t  con- 
cen t r a t ion  i n  10 deys. 
ves i c l e s  show ?.pprcxir.iately t h e  sar.-c concentrct i :  n 2s the  t o n l l a y  s tudies .  

u r incry  r t t i  on the  f i r s t  dny, r i s i n &  

The d i s t r ibu t i cn .  cf p c l c n i w  i n  the  t i s s u c s  shows t h e  spleen, 

50 days, t h e  blcod c e l l s ,  testes, a d  ser-dnd. 

FoIhwin& bcutaneous injection, the excre t icn  rc tcs ,  i n  term 
of t h e  a.lount absr bed, are sir5k~i- t o  thclse zfter in t rmencus  act in-  
i s t r z t i o n  with t h e  exceptiljn cf 2 hiqhcr u r ina ry  cxcr,ticn during. t he  first 
two dcys. 
of which about 40 per cent i s  r e t z i n e d i n  t h e  i n j c c t i m  s i t e .  

' h c u t  83 per cent cf t h e  dcse r e i d n s  i n  t he  bcdy a t  t e n  dCyS, 

O r C l  s tud ies  show t h e t  3 pur ccnt t G  5 per cent  cf the, dosa is ab- 
sorbed fror.' thc  !astro-iiitestii;cl ccnal.  
m . t e r id .  is cxcrc.tcd i n  the u r h c  i n  t e n  chys. 
apprcxir-atcly t h e  s m e  per cent .f t he  a b s r b s d  dcse 2s i n  t h e  in t rmcncus  
aniI2kl. 

F i f t y  per  cent cf th\: c b s u b e d  
The f a c d  excrot icn i s  

Skin Cbscrpticn i n  the  h u e n  subject  i nd ica t e s  t h e t  nc zbscrpt ion 
The f m t  cf ! i c c  show less  t h m  i s  de tcc tcb le  i n  fcur  dp.ys d' exposurL. 

1 par cent of t o t a l  dose absorbed avcr L trw-dcx experii.Lcnt?.l period. 

By i n h a l a t i m  a l a r j c  prcpcjrticri (prcbEbly cvcr 30 per c a t ,  a d  i n  
s o ~ e  ccses Cpprcx ix . t i n~  100 per  cent)  cf thc: vkpcrized FclcaiuL, inhaled 
by r3. rat i s  retz5ncJ i n  his lunEs. k s t  L f  t h b  F O ~ C J ~ ~ U - L  capturoi! by the  
lunks i s  2bsc)rbod i n t c  the blcod s t r e x i  LivinL 6ssent inUy t h e  c f f u c t  cf an 
intrzvcncus i n j m t i c n .  Suf f ic ien t  Fclcniur; l a y  bo re ta ined  i n  t h e  iunts  
(U per ccnt cf the  dcse n t  10-deys)  f o r  n prolcnged per icd t o  prvGUCt; 
u i r e c t  e f f cc t s  on the  Elvoclrr ep i the l iu - .  (see L-1811) 

subjects  -&n z.u.xts frcr.. 0.1s t c  0.3 , i c r ccu r i c s  per k i l o G r a ,  
t h e  tvrcnty-fcur hcur ur ine  shcwcd 0.07 t c  0.8 pcr  cent  of the dcsc. The 
2vt;rcEc dz i ly  ur inzry Gutput i n  t h e  f i r s t  wcak WLS 0.06 t o  0.24 per  CGnt 
of t he  ccse; I n  t h e  s c o n d  we&, 0.04 t c  0.08 p t r  cent; and 2 t  70 days, 
0.02 per cent of thc  dose per dzy. The f L c n l  c i ~ i l j r  excret ion c u r i n i  thc  
f i r s t  week cccunted tc,  0.56 t c  2.03 per cant cf the dose; Luring t h e  seccnd 
week, 0.73 per  cent;  mcl a t  70 days, 0.25 per ccnt cf t h e  dcse. 

B. H w a  Sub ' ec t s :  Fcllcminc intrLvLnous i n j b c t i L n  i n t s  n ~ - . t a  

3 
*2 

1. very 
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m p i d  2isaFpezrzncL cf thG injLctec! pclcniur~ f r c i  t h c  blcorf s t r a u 2  IKS 
cbscrved cs cvidcnccd by c n l y  1.7 per cent Lf t h e  t c t a l  Lost rb;tinin: i n  
15  idnutes.  

I n  o r d  zc;I:inistrcticn cf 0.19 rxicrccuriss per  k i h g r x . ,  t h c  blood 
2nd ur inc  vaues were ep,rcxi.,?.tdy onc-tcnth c f  the dcse fcund a f t c r  
in t r tvcncus  i n j e c t i c n  cf a s i . l l a r  dcsc. 
l ess  than 10 per  c m t  Gf t h e  &.so. Thz f w c l  excr;tiLn :,:.cunted t c  77 per 
c a t  cf t h e  dcse by thrzo  L y s .  
0.6 i-Lcrccurics r e 1 - a n w  i n  t h b  bcdy cf a tcjtcl of lt.5 ciiCrbCuricS Liven. 

Of 2 large 
nuribcr cf substrnccs tLs t ed ,  only Bk.L-h Anti-Lewisite) c&usod i?. 
t r m s i t c r y  rise i n  thcj f x r l  cxcrLtihJn seve ra l  wwks  after i n j o c t i m ,  
This increesed cutput WLS b,-lcnccd by 2 l a t t r  iccrerscd cutput f o r  a 
few days. 
Bal produced a ur inzr -  excrLtion cf 5 p c r  ccnt of t h e  dose cs cbnt ras tcd  
w i t h  z nor1xA cf 1 per cent cf tho dcse. 
dropped t c .  nc,rr.-zl levels.  
i n j o c t i c n  c.r;sud no s i c n i f i c c n t  d i f fc rcnccs  i f i  t he  e x c r e t i m  ratcs. 
Tissue 2nalyscs shmcd e s s a n t i d l j  s i r - i la  c c n c t t n t r c t i o r ~ ,  except i n  
t h e  spleen whcsc a c t i v i t y  wcs ccnsidcrLbly l c ~ r  c f t e r  BAL t r c .  t..Gnt. 

T h i s  ind ice ted  absorPti.cn cf 

A t  t hc  cnd cf 230 d . y s  less thcn 

C. i iffcct  Lf V x i c u s  Hi:Lnts 2 P o l t n i u i  ESccreticn: 

I n  the  f i r s t  21, hcurs f f t c r  in t r rzvacus  i n j c c t i c n  of polCniuT-, 

Fcllcwink t h i s ,  the uxcreticn 
DLL tro,o.t,..ent i u i e d i c t d y  after subcutmeGus 

2. Dis t r ibu t ion  md Esrcreti.cn of k d i ~ ~ :  

Rats w e n .  i n j o c t d  with U;5, 16.0, 17.2, 2nd 1000 i.Lcrrcuries 
per k i l o t r x l s  Lf rtdiu. cs t h e  c h l c r i u s  a-d followed fbr cnc;, t cn ,  a d  
f i f t y  dcys, 
9.3 t o  21.6 pe r  cent cf t hG 6036; thL. fmzl cxcrbticn,  0.18 tc 25.2 per  
ccnt of t h e  dose:. 
per cent cf t h e  dcse Ln thc  f i r s t  dry; ;= f e l l  t o  1 per ccnt c,n the  
sixth bay; 0.5 pcr  ccnt  tt 10 days :>.nd 0.1 p;r cent z t  50 iizys. 

z t  50 cicys, 32 F i r  c w t  cf the dcs t .  
t h a t  t h c  excretj.cn rctes werL nLt influbncici by th; s i z e  cf t h c  dcsc. 
rtnk.zl cc-rricd f c r  236 dcys s t i l l  rc te ined  l+G per ccnt c f  t h e  injcctzci dbso, 

xiount rerxxinint: i n  t h e  t cdy  w t s  d q x s i t c d  i n  bcnu; ct 10 ucys, 99 per 
cent; znd &, .50 dcys, 96 per. cont. 
t ons  was present  i n  t h e  t rabeculae . .  The ~ ~ s t r c i n t e s t . i n ? J  t r c c t  shbwed 
8.2 pcr cent cf thc  t c t d  dcso ct crib &.J,  f d l i n L  t c  i: s.211 f i t u r c  a t  
10 a d  50 d ~ y s .  
droppint, ct t h i  10 a d  50 dzy ;cricss.  The bl~c? ShCirJCk 0.005 per cc;nt 
z t  10 deys, v lc l  0.002 pcr cent ct 50 d q s .  G r r l  c&inistr;.ticn s tud ie s  
are i n  prcgress.  

The urinery excretion en the  first d2-y c...,cuntecl t c  1 
The t b t d  excr,ti,n cbscrvcd VK-s fr61.L 14.0 t c  44.0 

h t  thc  
. t e n  (?cy period, LO t c  60 per  cont cf t he  dcse re. Lined xlithin the  mir-d; 

An tLditi,nr-l cbscrva t icn  inclicctcd 
Gnc 

Gi s t r ibu t i cn  s tud ie s  shGweti t h r t  2.t 2.4 hcurs,  83 pe r  cent cf t h c  

The h iLhcs t  t c t i v i t y  fcund i n  thb  

CithLr s o f t  tissubs shcwd  8-8 per cent  -.t m e  &y, d s o  

2 0 0 0  I 5 2  

http://absorPti.cn
http://Esrcreti.cn
http://excretj.cn


I and t h z t  p l u t o n i m  i s  et 1 s a s t . t h i r t y  t i n e s  as toxic  2s r c d i m .  

t h r c e  substances, it i s  apperent t h a t  f o r  the radiuw a d  i t s  dawhte r s ,  
plutoniurr, thc cnergies  por r.iicrocuries are qproxiziately e q u d ,  t he  mount 
of rediurn l o s t  frcr:, excre t ion  being ccxqensated f o r  by tho retcjntion of 
i t s  daughter products. 
i nd ica t e s  t h c t  t h e  f c r - a x  is r p p r c d a c t e l y  twice cs tox ic  per urSt  of alpha 
rey  energy dissipatbcl :in t h e  body f o r  10 days, f ivL t k . c s  n t  20 dzys, a d  
as high as 10 tir,ss c t  the t h i r t y  my period. 

d i s t r i b u t i o n  cif thcse  d w e n t s ,  tb: r e d i u i  buryin& i t s e l f  dzep i n  t h e  bone, 
t h e  plutoniur.i i n  thL cmiosteal  l a y e r s  ncz-r the i:p-rrnW, md t h e  polcniur, i n  
t he  hwztopoet ic  and : . .yqhctic t i s  sues thcr,,solvos. 

I , 
On t h e  b a s i s  ~f r e l a t i v e  energies L f  thi: algha p m t i c l e s  cf t k s e  

On t h e  sane bas is ,  the p&xd.un/plutoniun COr:pariSon 

BiolcgictLL cxp lma t i cn  cf t h e  difforenccs m y  brt e x p l a i n d  on the 

Thrt lonE tire .;Six t o  eiLht ;,ibnth) s tud ie s  of thc  c. - pcrc t ive  l e t h a l  
dose tend t o  ccrrobcr.Ate t h e  cbove f ind i f i t s .  

-* 
P a t h o l o g c d  f ind ings  lndic;.tc- thc-t radiur; shows m a f f i n i t y  f o r  t h e  

hemtopoet ic  s y s t m ,  vascular  systdAl, l i v e r ,  kidney, bmcl, bonc;, and tes te :  
with damge proport ionel  t o  dose 2nd ti&. 
the hel:atopootic syssen, bowel cnd t e s t e s  cnly with dL.iz;e zgain prcbzbly 
p ropor t i cml .  
l i v u r ,  kidney, b c v d ,  bow,  mu testes. 
clthough im-3 widcly distribute:., m e  i n  k-unerd not as severe zs polcnim.  
kn unusual f i n d n L  is t h e  devclop.,Lnt Lf fcr a.lvmctJ. e r t c r i o s c l c r c s i s  
cf t h e  a r t s  an?, lai*&:cr x t c r i c s  incluLinc t h e  ccroncries.  Plutcniurl tends 
t o  show i t s  ;r.ost sb\*-cre develcp i tn t  i n  t he  h x a t c p c c t i c  syster;, l i v e r ,  2nd 
bone. 

4. 

Studies  erc boint ccnchcted cn the  i n j c c t i c n  cf ncn-twric ,?i.,cunts ~f plu- 
t o n i m ,  pclcniu..,, redia-,, uraniu. ,  a d  pcssibly lozd  i n t o  hwsn subjec ts  
i n  ordcr t o  de t e rAnc  thc  e x c r o t i a  ra tcs  i n  t h z  w i n ,  2ncl facos of these  
i m t e r i d s .  Thcsz s t u d i e s  we not mndy t c  repLrt  zt t h e  present t h e .  

The infcroz t ion  folnd f r c r ,  such s tudius  w i l l  bc used i n  deteri.'ining 
accura ta ly  t h e  d l c w c b l e  excre t icns  cf t h i  se sabstances i n  t h e  c?.rLful 
rnLnitGrlnt Cf plant  personnel vrorking with t h e  ... 
indic=tc- the x,runt  cf hrtriSul x t e r i c l  prescnt  i n  t h b  body ilt thz t  unit 
t i r x  

i Polcniu i  Shbw en c f f w t y  f o r  

P lu t  o n i w  s h ~ w s  i t s  z f f i n i t y  f c r  tho hemtopoet ic  SJ'stciz, 
I'hc chmccs obsurvb2 with radiu,.., 

-l 

Dis t r ibu t i cn  trd Excrcticm cf Eadicc-ctive Lz te r i2 l s  in Ecn-tcxic Dc,scs. 

The ur incry  quot ient  W i l l  

5 .  Suy;r.;estccl s tud ie s  : 

2. .FhysickLic: 1 acpcriqcli tcl  wcrk'with C14 mil H3, s p G c i f i c e l l y  on 
p r c t e i n  netabclisi: such ;s in wcund h iz l ing ,  r epe i r ,  rszing, C ~ C C J  
and t h e  l ike . ,  
1, 
2. 
Chrcinic e f f e c t s  cf :.lphc er. i i t ters over z? ten-yew period,  
i n  chronic tc le rcncc  s tud ie s .  
f iddi t ional  s tud ie s  cn rzdicjactivo , -c ter inls ,  l.ietzbolis;:L i n  genercl. 
p e r t i c u l a r l y  with r ecc rd  t c  t h u  itc;ts rientimeii in (e) zbovc, 

HGW subs t i t u t ed  a ~ i n c  zc ids  behavc; i n  t h e  body. 
I n v e s t i s a t i b n  cf bcni! r c t z b c l i s - .  w i t h  2.n idea t c  therapy, e t c ,  

5, 

c. 

FGr us 

.. 
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The wcirk c l r r i c d  c u t  m d  t o  LL r e p c r t d  bg t h c  sur&c:A dcpcrt:.&snt 
can b e  tiividcci i n t -  thi; f o l l c w i n l  3 rl ivisicns:  

1) 
2) 
3)  

I n  as nuch es S C , ~  of th; d c t c  i s  s t i l l  i n  the  proccss cf i . X ? x d m t i m  

The t r i .msplar~ . t~ t i  on cf time !..' rrcw'r 
The cu l tu re  c f biiie ... arruvlr by t i s s u t  cultur\r: , - .+hdsb 
The t ransp1ai ta t i .cn cf c kidney, 

m d  a x l y s i s  2nd expe.z*Lc.nts zt-6 s t i l l  undc;r s tu ly ,  t h i s  rerort; a t  the best 
,.iust be cLnsidercd t c  bc c,f c. provis icnz l  n;-ture x ~ d  subject t i  chm6:t: cc,n- 
t i n c e n t  upcn f u r t h e r  m e l y s i s  cf t h c  dLta 2nd cxperii.ient;.tion. 

I Trmsp lan tz t i cn  cf l!cnc mrrcw: 

I n  undertaking such P. p r o b l a i  2s r.-arrm t r z n s p l m t a t i c n  i t  w x i  f i r s t  
necessary t o  est2"blish c e r t d n  b z w  line-d:.t?* cn t h e  pc.tcntiC.1 rocipiunt  4 
T h i s  included se l ec t i c r  ~f 6 type of .rc&atim thc,t w w l d  prolucc: da.i(?-te 
of t h e  prcpor ex ten t  jr ckp-c;e. 
fror:. 2 250 KV ;..Echirib W ~ S  f inc l ly  se l ec t ed  s incc it produced cpproxit,;Ltely 
? ?  L.D. cf 50 G r  s l iL,ht ly  treater, 

T i t 2 1  bcdy r 2 c E a t i m  cf 300 r LCute d O S t p ,  

- Er.iplcyinL this d o s c ~ c :  c f  r cdc t im  s t u d i e s  were then ck r r i ed  out t c  
d c t c r d n c  the  type end ex ten t  of da.cCe t c  v:-ricus tissues :nd cr[:ans cf 
t he  c i ~ y  with especir,l reforcnce t L  t hc  h e s a t q c c t i c  t i s s u c  :n3 t h e  included 
bcne i-Arrow. I n  c r d w  tr, cbte in  such inf'c,r.-z-tim, c l d  2nd new !.;ethocls of 
stucly hnd t c  bc t e s t e d  &id thcn use;. R r r J i i t i m  dc.; 2 - c ~  t o  t h c  hcst  w2s thcr 
estL..at.t5 by c c r r e l e t i m  cf c l i n i c a l ,  hci.atcl.~[ i c d  anti pc thc l i ,  i c r l  f ind- 
i n p .  FkdiLiticn cla-cg;.~. t c  t h e  bcne i .mrrm a t  f ,iven pericd cf Lice could 
be detcri.Lned i x r e  p r e c i s e l y  by A r c c t  exa;:i.mtitn cf t hc  x . r r c , w  froid t h e  
livinz h c s t  by rc:.,cvin, such a spuckxn cs c r i b .  

A, Ccntrc l  Sturdies 
B. Trensplmt  Studltrs 

1%. Ccntrcil Studies  

1. ---. P i l o t ,  &.rX c.ted 
6 ~ m u p  of 7 ncir,:d ~ C , S  received 300 r t L t d  bcdy rXiiztic;n, 

underwent r i b  rusec t icns  3 days prcrzdict ion,  4, 7, 14, 21, 28, and. 39 
pcst-radiet icn ,.r& was s tud ie s  2s c;ntrcls  t o  Cietiruinc the  yc"ttern a d  
ex ten t  d d e r q a i i e n t  of t h e  c l i n i c &  course cf thc  p o r i p h c r d  blood end 
bone r:irrcw pj-cture, 
es t h e  ti,% d' cnexyz tcd  desth c r  s a c r i f i c e .  
exaxincci a t  h c r l y  ir i t irvals fcir t h c  f i r s t  /+k hours pcst-rcdiat icn i n  
& of t h e  an ix ls .  

H e n z t o l t t i c d  zn<. pZ th ( . l@cd  s tud ie s  wcr% mde 
The per ipherc l  blood W:.S 

Thrcc of thc  '7 ra3.2ted d ~ l s  Uid d r i n k  thc  c a r s e  c,f study. 
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') of t h e  anirnah m n i f e s t e d  dehiscence, ?.nd necrcs i s  cf their S u r g i c a  
f wounds Bcne :'.iarrcw studi,c;s shcwed conspicuous signs cf dcgener?.tiLn 

b e g h i n t  4 dcys post-radis t ion 'end a a i u  1 a~m.gc between 7-& days. 
This d e g a e r c t i c n  cps l i ed  t e  t h e  Dyeloid, erythroid a d  r.;egekcryocyte 
e l e i zn t s .  
be detected whichwcs T;Ic,rE: evicient at 26 days, 
znd t h e r e a f t e r  t h e  rxrrow w c s  hyperplzst ic  but with a d 1  m e c s  cf debris.  

ht 21  d ~ y s  pcst-radi lkion ea r ly  s igns  cf redencre t i rn  could 
A t  39 drLigs pos t - r c t i a t i cn  

2. P i l o t ,  Non-RcCiated 

k gmup c w , d s t i n g  of 4 normal dogs underwent &Ller procedures 

Ncrml f ixd ins s  wore noted i n  these c n i r d s .  
I and study 2s gx .up  1 except t h z t  no r cd ie t ion  was adrAnistercd. 

3 .  Control, Radicted 

Another p : u p  c m s i s t i n g  Gf 8 ncrc,d dogs w c s  studicd 2s cont ro ls  
t o  datcrriine o r  o b t d n  thc  Iy,rr.al p a t t e r n  cmd extent  cf daragernent 
of t h e  c l i n i c a l  cowsL,  .tho Fcriphorrd blood picture ,  ES well. as t h e  
p a t h o h g i c c l  ad h(?Kb2tclC+,iC21 pz t t e rn  et tirue of enexpected socth G r  
s ac r i f i ce  80 days post-radiction, 

Six of t h e  8 dcgs died cf r d i c t i c n  in tox icz t i cn  i . e . ,  purpura, 
sepsis, or21 ulczrc.tion, depressim of the  her.i?-tGpLeitiC systcrl 2nd t h e  
aesociated panhcmtopmia.  
chzngcs i n  t h e  he ix topoei t ic  t i s s u e s .  

The survivin6 anirn?.ls shcwed hyperplast ic  

4. Ccnt r d  , Rsdie t ed-Oper a t  ed 

R group of 4 ncr;,;al dogs received 300 r tct2.l bcQ- r d i i a t i c n ,  under- 
went r i b  r e s c c t i m s  3 days p re - r zd iz t im ,  2, 7, 2nd 39 dcys post-rcdi- 
a t ion ,  hcd pscudo ~ m m w  transpla-itz.tion procedurc-s 2 dzys post-radi- 
a t i o n  and was s tudiad  as cont ro ls  t o  clet,rr.iine the  ptittcr,", c.ni cx ten t  
of d e r a g e i x n t  c f  t he  c l i n i c a l  ccurse,  t he  c e r i p h a r e l  blob2 2nd the 
bone nerrcw picturc .  Hzietslo,iciL xd pZthc1ogic:l studiGs cf t he  
Tarrow were r.,x?e E t  ths  t h e  cf e:ch riS re sec t i cn  and unexpected death 
c r  at  s a c r i f i c e ,  60 d ~ y s  p c s t - r c s c t i c n .  

Three cf the 4 dogs ~ c d  cf rc i ia t ic in  i n t c x i c i t i L n  with f i n d i n t s  
as noted abuvc. I n  cdd i t i cn  wound dehiscence and necrcs i s  w z s  camon. 
k: ,enerztivo chcngcs i n  the boric .arrow were conspicuous c t  two days 
post-raP&cticn Z.IQ ccnsiderLbly i..ore ncrked a t  7 ckys p a t - r c d i a t i o n .  
A t  39 days Fost-.y-ci>tion t h e  r:imrcw wts hyperplast ic  but creas of debr i s  
were s t i l l  prcscnt ,  
and negakaryocytic eluJent s. 

This hypmplasin @p&lied t o  e ry thrc id ,  nyelcid 

The d a t a  f r& the, p receedng groups p rwidad  the  bzse l i n e  in fc rca t ion  
upon which t o  comare  thc, r e s u l t s  f r c n  t h e  t ransplarhsd  g.rc.ups as noted 
following. 

B. Trznsplcnt S i ; l d i ~ ~  
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A 5 t h  & r a p  cons is t inq  cf rcceivbJ 300 r t c t n l  bGdy 
rad ie t ion ,  underwent r i b  resoc t icns  3 d q s  pre-rcdizticn,  4 ,  '7, a-15 
39 &ys pcst-raciet ion,  received a. S L I ~ L ~ L  nu riA 1;CzrrGw suspension t rans-  
p lan te t ion  i n t c  t h e  d i s t a l  end of t h c  shzf t  of r i k h t  fcriur, t h c  r igh t  
hwicrus, end thc s -n t i r ic r  chzryer of each eye, a d  wes s tudied  t o  de- 
terrnine the  pa t t e rn  2nd ex ten t  OLf 2crengcricnt c f  the c l i n i c c l  ccurse, 
t h e  p r i p h t - r c l  blcLc: 2nd the bcnt ,..crrcw p ic tu rc .  
pethGlogicrl  s tud ies  w&re c m r i e d  c u t  E t  the ti,& Lf unexpcted  c,etlt,h 
o r  s ac r i f i ce ,  30 c r  60 dcys pmt - rad iz t i cn .  

* )  

Hemto lo t i ca l  rnd 

Fcur of t he  5 ~ G E S  died  fror., r z d i z t i c n  ~ r ~ t w c i c ~ t i o n  with t h e  
t rmsp lc -n t  sitcs cf t h c  lonL bcnes shcwing ccnsiderable  e v j h n c e  of 
d d  hersrrhage, orfcri izaticn but  vcry l i t t l L  evid-ncc ef new :-2rrow 
Erowth. 
f i n d i n t s  froi. t hc  ,,tcx-rc)w t r a n s p l a t s  t c  thc  z n t u r i c r  ch&-+r of the  
cyes. 

F k s i d u d  f a t  depos i t s  w i t h  ccnnectivs t i s s u e  reac t ion  varb t h e  - 

I n  t h e  m e  dog t h & t  survived cil.,pC-r~tive s tud ie s  cf thc: loris borics 
did not i nd icc t e  t h z t  t h e  t r m s p l c n t e d  s i t e s  wcre c m t :  hyperplest ic  
than  t h e  non-transplmted si tcs 

A 6th group cGnsi3 thg  c;f 4 ncr:rid dccs received 300 r tct2-1 body 
radizt im,  underwent r i b  rosec t icn  2 days p re - r ed ic t im  and 2, 4, 7 
days post-redinticn,  rLceivt?i: 2 t r ,?nspimtct ion ef' n; mcl bc.nz r;Izrow 
and xcoi ipmying bcnc ccr tex  crnd endosteuE t G  t he  shaf t  of thc. r i c h t  f O m r  
and a t rznsplcn t&icn  of I? segxent cf r i b  t o  r i b ,  2 ciqs post-i'r.diaticn, 
B mrrow suspcnsicn trr .r .splmt wcs placed i n  t h c  en tc r io r  chr:.;bJr cf ecch 
eye6 
exLent c;f dermi;er;,ent t f  t he  c l i n i c a l  course, t h e  p e r i p h e r d  blc'c;ti Zrd 
the  bone r:,?i'ilbvi j i c tu re .  
car r ied  Gut et t , k  tii,e c.1 ufiexpected clec:th cr s x r i f i c c ,  30 c?r 60 days 
post  -mdi -t i cn .  ' 

I n  adrliticm this Lrcjup wcs s tud ie s  t L  deter:.-.ine tho  ;;;ttcrn 2nd 

Hexit o l c c i c r l  2nd p?.tholc;icd s tus ios  w G r e  

Tnrcc cf t h e  6 dccs died of r c d i & i ~ n  jntwciczt icn with t h c  trzns- 
p lan t  s i t e s  showin5 c l d  hemrrhare ,  ccnnectiv= t i s s u e  r cec t i cn  anJ new 
bone g r w t h  bu t  very l i t t l e  cviLsncC: of nzw i.,xrsw CrLwth. 
depcs i t s  wi th  ccnnective t i s s u c  r e x t i c n  vtLrc n c t d  i n  t h e  m t u r i c r  
c ha'iber . 

Residual f c t  

I n  t h e  th reo  docs t h ? t  survived v,.rjcus 2e;rcts bf re{-encrLtin& 
cr hyperp las t ic  ;zrrow w c s  fcund but the  t r m s p l m t c L ,  s i tes  clw?ys 
cppearcd l o s s  ac t ive  thzn t h e  ncri-trcnsplmted s i t c s .  

3 .  Lfmrcw T r m s p l a t n t i i n  to hc.zvi1.y rrdir:ted lcn,-  bcnes 

k grcup cf  4 n c r f x l  d c p  rccc-ivLi; r rd i z t iLn  cjf 2500 r t b  LLth 
e n t i r e  lcwcr sxtre; L t ics  sii:;ulteni.cusly. 
t r ansp lan tc t i rn  Lf I ntrcicl bc nb' i . 2 r r G w  s u s p e n i  c ~ i  WLS c a r r i d  but. 
S t a d a r d  s tud ie s  were ce r r i ed  but, tc deter..inl, t hL  p c t t c r n  a d  bxtont 
cf dcrm&c.cnt cf thE; c1inicc.l ccursc :nd the per i lher21  blc.cU. 
l o g i c a l  md pathc1cgic:l studiGs werL c. rried Gut L e t  t h c  til..c . f un- 
expected uecth c r  sc .cr i f ic t .  

Twc 2zys post-rzAictiLn 

Hmatc- > 
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5.  k r r c w  T r a n s p l a t s  t c  Splaen - ?',tr.l BcGy R.z:Lir.ticn 

Three of the  ,!+ i ~ t s  d i e l  cf rc.Ji&,icri i n t c r 5 x t i c n .  The s i tcs  of 
t r m s p l m t c t i c  n xerc  2s ncted 2.bLvc. 

6 .  .- xzrav Trcnsp lmts  t c  SplcLn - Spleenic Fk.di,?ticn 

k g r a y  of 4 ncr;iL dcLs ruccivcd r c2k . t i cn  c f  2500 r t c  th; spleenic 

Stm2:arJ s tud ies  wcre cc r r i ed  out  t b  Jctcn-Line thc 
c^sca mi a t r m s p k n t z t i o n  ,f n c r r d  bene !.arrcn suspcnsi  n i n u  the  spleen 
2 days pCst-rsJi;.ticn. 
pn t tc rn  a d  6xti;nt c f  Jerxitc.,ent cf t h e  c l i n i c a l  c a r s 6  anJ thc: j i c r ipherd  
blbod. Her:&tilG&al m c l  1 cthclciicc 1 s tud ic s  w u r e  c a r i d  (.ut a b  thu tirne 
Gf unexpc tcd  <e&h : r  s x r i f i c e .  
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p lan ta t i cn  of hor-iolegcus b~ 
\. 

7. Earmy T r a s p l m t a t i c n  1ntrzvknousl.y 

6 group ccns is t inL o f  4 n c x d  docs received 300 r t c t a l  bcclrg 
r e d i e t i c n  a d  intrcvcncus i n j e c t i t n s  i f  re f ined  b m e  a r r o w  SuspcnsiGn 
2, 4 ,  7, and 9 dcys p s t - r r d i z t i c n .  
the  p z t t e r n  m d  cxtcnb cf dermgenent cf t h e  c l i n i c z l  ccurse, a d  the  
pc r iphc r i l  b l i c d .  
au t  a t  t h e  t L c  c f  uncxpectcd ci,?kh cr s, c r i f i c c .  

. 
Studies  were cc r r i ed  mt  t L  J e t c r r i n e  

Hcmtc l c g i c c l  and y?LhdcLicxl  stuuir3s werc c w r i z d  

Two cf t he  ,!+ ~ G L S  died Gf r < - d k t i c n  i n t c x i c z t i c c .  fkv:evcr 211 
mirr,cAs shaved pL, r ic i s  cf c ldva t i cn  . f  t h e  tctsll biBC count thc i ,  w I x t  
not nc.tcd i n  the  c m t r c l  r idiir ted group. 
&$$’jj;a* types cf c e l l s  were niited frequent ly .  
ax‘- z typiml .  c e l l s  werc nbt m t d d  i m e 3  a t c l y  af t,r t rLnsp lcnz t i cn ,  
howevcr, ncr  could such f indings be expairied bn t h e  bas i s  cf t h e  in-  
j e c t i c n  c f  n p z r t i c u l a t c  rnclttcr such ES i n d i a  ink. 

n t  thcse  pcricl2s of t l evc t ion  
These i leva tzd  poricds 

Pe thc lcg icz l  s tud ie s  shcwed rA1iary bone deFLsits wi th in  s r d l  
ve ins  throuchout t h c  lungs. 

Bcczuse I;f these  f j n i i n g s  t h i s  phzsc cf t h e  experLent  i s  being 
extended. 

I1 Culturc: of Bcno Marmow by Tissuc Culture ;..ethcds: 

A f t m  2uc considerat icn i t  was deex-2 dcs i rcb lc  t G  s tudJ the  cu l t iva-  
t i o n  of kcnc r z r r c , w  i n  v i t r c  i n  c rder  t L  p r c v i d e  c rxxns (1) whereby the  
i.arroU’ ctulcl bc s tud ied  i n  m r e  d e t a i l  mil r-.CrtL: zccurz te ly  with e spec ia l  
e c  has i s  Ln t h t  e f f e c t s  cf racl ia t icn cn c c r t z i n  c y t c l c g i c d  a l t e r a t i c n s  
(27  t o  consider t h e  f e z s i b i l i t y  of es tzb l i sh ing  c mrrcw benk i f  iawrow 
cou9d be cu l t i vc t cd  successftllly 2nd i f  ;-,arrow could be t rmsplc-nteu 
successful ly  . 

Such techniques 2s t h e  r o l l e r  tubc, t h c  Cz-rrel i‘lzsk, m d  t h c  s i t t i n g  
drop s l ide  technique have teen  c:.pluyv.. 
diszdvantaLes but z cL:..binrLtim cf t hL  s l i , .c  nn;. f?:.sk technique appezrs 
t o  provide t h c  cptirmr.. ccndi t icns  f c r  Crcwth cnd study. 

Ltch has t h z i r  edvmtages anil - 

> 

jVith these  techniques the f G l l w i n g  s tud ios  were carr ied aut :  

l i  
2. 
3. 

st endard 
4- 

r:Er r ow. 
5. 

The 

t h e  e f f c c t  cf vzr ied  ce.3.a on t h s  grcwth L f  bcne mrrcw. 
t h e  e f f e c t  of va-ieci &= t e s s i c n s  on the  grcwth u f  bLne mrrm. 
the e f f c c t  Gf var ied  s t i i . u l i  t c i  bcne E r r o w  and i t s  trcvith i s  
rie6.i a. 
t h e  c c J A p r z t i v e  s tud ies  cn t h c  grcwth cf n c r ; d  2nd r 2 3 a t e d  bLnc 

r e s u l t s  c f  these  s tud ic s  a e  now i n  th2  process cf tr.bul=.ticn a d  
ink e rpro t  e t i cn .  

becn corLpletedI 
Further s tud ie s  w i l l  j’rohE.bly be r;sw,ie,’. when t h e  cur ren t  r epc r t  has 
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I n  the  I;rccc.ss c f  wcrking with end thc inci&nt:l dxposure t c  ur~niur.1 
a d  uraniur.; c c q ~ u n d s ,  it w i s  believb, t h r t  n s i t n i . f i c m t  LeLrec cf r o n d  
dziagu wculd r e su l t .  
s i r a b l c  t o  d i r e c t  scire attentA.cn t c  rxasurcs which wculd e f f e c t  S G i X  boncfi’ 
t c  t h c  &aged G r p n  and the  asscc ia ted  Z t r a y m e n t s  t c  t h e  h a t .  
the  first prccedures cLnsidcrcd wr“s t h e  ,L ciitim rf a ncr: .a1 kir’noy wi th  
t h e  ul t i rxi te  hcpe t h r t  c is thLd cculcl bc wcrktd cut evdntual ly  whcreb;: 
t h i s  t r m s p l m t c c l  kiLney cculd funct ion f c r  ct Lsst 2. sh(.rt  pried of 
t iu  u n t i l  t h i  c lnm~c.  kidneys hed rectvl ; rc i  s u f f i c i e n t l y  t o  ca r ry  Gn t h e i r  
func t icn  cgziri. Duying t h e  c m r s c  bf stuLy bf t h e  t c x i c i t y  cf urmiur:, 
2n: i t s  cc,.ipun2s 5-t wcs fcunii th:.t t h c  incidence en. &!-rce cf rer id  
dZie,-e cnccunterc 
l e s s  thcn cxpectcd m d  eccorlLingly l e s s  Zttenti.cn nLe.i be d i rec ted  t L  

t h c r q c u t i c  i..cesures, 

Btcmse  cf t h i s  a t i c i p z t e d  J ~ i ~ ~ . ~ ~  it viils f e l t  de- 

Cr~c L f  

i n  i n i u s t r i c l  a113 1zbwztc;ry prsmriG1 wes a crtct  de21 

"his exqxrhen t  c c n c e r n d  i t s d f  w i t h  t h e  i n i t i d  s t u d e s  c x r i e d  out 
LC dictcrainc 2 s u r & i c c l  tcchnic.uo t n e t  cculc! be eriplcyed f c r  tkicd t r zns-  
p l m t c t i c r ,  cf  a hcrxgcncua kidney. 
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I. ACUTE WJcil.ENTS - Sini-,le Dose . 
ia. bkdian Lethcl Dose &trir:ien& The rxdien l c t h r l  dGse ( t h a t  

mount  required t o  produce Jecth i n  h t l f  cf t h e  a n i i x l s )  f o r  x-radiat ion 
wes detzrmined i n  scvc ra l  species  cf a i u ~ l s ,  the resul ts  beinc l i s t e d  
i n  the  following t & l e .  Fcr  t h e  purpc,se cf cmp2rison cf  spGcies,  t he  
s tud ies  on r a b b i t s  ccr r iod  out c t  the i + A e t d l u r g i c d  LaborELbry a t  t hc  
Universi ty  cf Chic,zkc are included. 

Ikbbi  t 790 
R c t  600 r 
Illonkey @50-600 r 

dcrk na t  yct c c q l e t c d .  

It rnust be comnented t h c t  t he  s m s i t i v i t y  of t h e  cbovc spzc ies  f c r  chronic 
x-rLdirztion i s  i n  t h e  saae order. 

The rz t  i s  equzl ly  sensitive <:t sevcn weeks a d  r t  seven rrcnths cf age. 
W e 5  C-nd f e r d e s  show equel s e n s i t i v i t y  with reEL.rd t c  acute  lethal effect:  

I f  t he  dosnte i s  edjusted by incre2sinE the time of expcsure a t  constai 
i n t u r v d s ,  t h e  m e n  surviv2.l t h e  p l c t t zd  ag;.inst, the loL cf t h e  dclse is a 
s t r a i g h t  l i n e .  If the  doszge i s  acjusted by va-ying the  i n t e n s i t y  a t  con- 
Stgnt tiihe, thc  c c r t a l i t y  p1ctt;;;i agIc%inst the  dcsr.;.e squareti i s  2 striLiEht 
l i n e .  
1s 2. "tv?C h i t "  phenmenc.rl, or i n  c tkr  words, twc ,  sinEl;3 hits by x-ray 
photcns hzvc b e m  i;ly?<:e c..n 2. s i n k l e  eleri-ent ir! B single c i l l s ,  i .e.,  chrm-  
osoine, spindle,  o t  e ,  

h i d s n c e  hes bean c a i n 4  which i n d i c c t e s  t h a t  t h e  in ju ry  t c  r ad ia t i c i  

Studies  on thcsL f x t c r s  which influcncc the  mcdicn l s t h d  dose have 
been m d e ,  bt 2rc n c t  y c t  rezQ t L  roliort. 
t he  rF-te cf clcse, metabclic e f fec ts ,  in2 ths  e f f o c t  of v?-ri;us dm&s cn 
x-r d i a  t i on in ju ry  . 

Thcsc inclurlc. stuJi.;s 2s t o  

B. Pathclop: cf kcut e R&iz&r, D m t ~ ' c  : Tissue chLnEcs i n  snc r i f i ced  

The t h r e t  t i s s u z s  prir-iarily e f f e c t e  
rzts at 23 d2-y~ vrerc d i f forcn t  fr:i.L thc sc fcund i n  cni..,als 2yinC frc,., 
i r r a d h t i o r ,  i n ju ry  1.i th.h t h i s  pericd.  
were t h e  buwcl, tes t is  , and hcnetcpoetic syster:, The sr-cr i f iccd m k c l s ,  
a t  l e z s t  f o r  dcscge vz lues  of 500 r cr €renter ,  represented 2 grclup which 
had been i n j u r d  Znl except f c r  t e s t i c u l m  c h m t e i ,  hzd repcirdcl i t s e l f .  
Uegenerrte t e s t k s  w6ro FrLscnt a t  t h e  250 r i e v s l .  
i n  t h e  hHlrtGpGetic systei., f i r s t  qpearec! r.t 400 r. 
only a l i t t l e  Lcrc s e v d e  r t  1000 r t h m  Z t  400 r. 
w 2 s  ncted i n  thi; splcen and 1 y q h  ncdes. 
depleted ct cvcry dosage l c v c l  ilt which the mir.Lds d i d .  

S i g n i f i c m t  c h a p s  
Theso c h a c e 5  were 

T r i s  s s x  firzciient 
The mrrow, hGvKvGr, wcs s ivc re ly  

.. 



Dcszj 6 Dert h s T.tZ1 Nu,.lbtr ~f ,.ni~?-ls 
0.0 nine 50 mi..Cls 
0.1 r . 1 loo m i L l s  
0.5 r 2 100 ani,.2ds 
1.0 r 3 -. 100 c r i i . A s  
10.0 r 6 50 2llif.lLlS 

The 10 r L v t l  is qFr’i‘citblg hi{hLr t h t n  s h a n ,  inasi.;uch ;.s it 
i s  necLssa-, tc cc\rr;:ct fCcr the  I.ncrLasc: i n  ~ u r t a l i t y  i n  t h i s  
Group which i n  E: twc ycnr cxpiriiicnt is csnsiLcrrkle .  

2 0 0 0 1 b l  . 



6) Stuclics cf the wei&t -m chznLcs cn t h e s c  mL~2ls inI ; ic?tcs  

t h c t  wei ih t  c b s a v c t i o n s  
t h e  cutcor-ie L f  t h e  exporicient c r  as 2. pCsEible c l i n i c .  1 
t e s t  f c r  cxyosure. 
pcr icd  j u s t  before  decth,  at which tim cithLr dbservnble 
changes ere we l l  ss t ,bl ished,  

Survivd.  t k c  s t u d i e s  ere s t i l l  i n  j.ri,Lress. 

re cf little v i l u e ,  i n  p r c d i c t h j  1 
Thc IvoiLht lcss ~dccurs w J y  i n  the  

7) 

8)  T u x r s  - Frulii-hnary s tud ie s  i r iSicatc  t h  t sork types,  
p a r t i c u l c r l y  ixximrx tumrs, zrd i n d u c d  while c t h e r s  
are spontcrnecus i n  type. 

Levcl 
0.0 r 
0.1 r . 
0.5 r 
1.0 r 
3.0 r 
6.0 r 

10.0 r 

i?,iicrtalit:L 
0 
0 
0 
0 
20% 
40% 
SO% 

& r t z l i t y  f i jurcs  at t h e  end of 622 t r e a t m n t s  are ES fbl lows:  

Level L a t d i t : ;  

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

- 

lit t h e  r r e s e n t  t L e  c n l y  t-nb cnk.;cl h a  cf leuka,in. That 
znii.i-.l rcceivcd t h e  ccurse c f  10 r p e r  d q  trect!.=.+Ls. 

A s  i n  t h e  r d  e x p e r i u n t ,  cbsservcti! ns * -&e  L n  we i th t  chznces 
have l i t t l e  v d u e  i n  p n 2 i c t i n L  t h e  U t c c - i i  tf zn xiper inent .  

2 0 0 0  I b 2  
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r” Sperm fw.-ctibn i s  influenced 2 t  211 l e v d s  ,zbt,vd 0.1 r pcr 
dcy cd L2ucsticnLbly rt the  0.1 r l eve l .  
0.1 r pcr cky l c v e l  i s  r e d  will be shcwn by thb reccvory stucly n w  
i n  prqress.  
i l c p  ct tine 0.5 r per  dsy l eve l  (,r t h e  1.0 r per dry l e v c l .  
i z c t i c n  2.t t h t  10.0 r pe r  d . y  l eve l  rAiciri; than t h i r t y  treztA.Lcnts (300 r)  
zrs rbqdrc: _. Frc,,L this Lbsirv-ticn i t  i s  deduced t h i t  
i s  iiivclvcj. i n  thc  r e t u r c t i ~ n  c f  sprL.i. 

Ivhtther this chani-c i n  che 

It requi res  270 t c i  300 r t c  s t e r i l i z e  50 pur  cent of t hc  
FLr s t e r i l -  

t i i .2 f: c t o r  

FollowirlL p i i c t  e x p t r i u d s  c c r i i d  >ut i n  c lclbbrctcry dscvihere 
(see r e p c r t  frcr-. Cclu.-bic j r o j e c t )  c pi.c,ra:L YI;S i n s5 i tu t ed  f G r  t h e  
controllcc’, chrcrnc expbsur6 bf rcts end i ~ , s  t c  fest n e u t r ~ n s .  The 
dcsa,es selected vu’crL the c q u i v d e n t s  t c ,  thc  previcuslg se lec ted  
eqcriA. .ental  x-r?..,irticn ~ L S S C E C S ,  nci.,ely 0.1, 0.5, 1.0, md 10.0 r 
per day six 2 q - s  wcekly. The c y u i v d e n t s  i n  n G o s ~ g t s  zrc O.Gl7, 
0.065, 0.17, PAC: 1.7 n per six dcys wc;-Lkly. The neutron experiI .cnts 
w G r 3  c z r i c d  fcr c“ cnc-yenr G r i d  instc-cd cf thb tw-yes r  pcriccl 
u s d  fc r  thL  x-rcys. 

Findin,s‘wero s i i n i f i c e n t  ct thc  h i i lhcs t  dcsaLe l e v e l  (1.7 n 
p w  dcy) i n  both t h c  rclts anJ dLt.s. 
s u r v i v d  WLS !mch i.‘..re A - ~ r k e d  t h m  thL suI-psLC equivczlbnt Lf 10 r 
p t r  cay, X o r t n l i t j  fi,urcs I n  tb r ; t s  crc t i i f f i cu l t  t c  i n t b r p r e t  
inzsimch 2s decth i n  1 . a ~  i n s t m c c s  could n a t  b, z t t i 5 b u t L  t L  r?.di2- 
t i c n  & a q e ,  
t h c  r ini~als a t  t hc  hi;h h v c 1  hcd m c c u n b d  with t y p i c a l  c h a n ~ a s .  

A t  t h i s  d c s c p  the, e i f e c t  Lri 

the  12i n n t h  pcricd i n  clcgs, hcwevcr, e l l  f i v c  i f  > 
2 0 0 0  I b 3  



k- No s i t n i f i c u h  +icr ta l i ty  wcs r b s e r v d  i n  c i t h c r  s p c i o s  2t t he  l c w x  
dcsage lcvcls L 

cc- 

A t & a l  cf nine l e u k w i c s  wcs observed i n  tk  crbup of 50 rcts 
rt t h e  1.7 n per C l q  l cve l .  NL kukGi.,ias wcrb c b s c r v d  i n  .:c~s. 

Cctclrzcts view fcri.,cd i n  ~ . c . n j  bf thc, rLts t*t the 1.7 n pcr I c y  
l e v e l .  
lower ic s a p  l c v e l s .  

NG c c t r r * c t s  wure c b s b r v d  i n  t hc  LLS. Nc e f f - c t s  at t h e  

Grayinr cf t h o  h a i r  occurred i n  the  J q s  at cppr@xi;:Ltoly t h e  
six t c  s2vm-iI.Lnth p e r i d .  
l c v c l s  

NG d f o c t  w t s  cb;c;rvd ?.t the lcwer dc;sri;e 

A t  t hc  1.7 n per  dzy lcvel  the sperr-i were e1i:xhntecl c;pp”rcntly 

A t  thc  lowbr ~ C S C ~  l ave ls  t h L  e f f e c t s  on thc spLrcn fLr;:e.ti.cn 

11s i n  the  c x e  cf the chrcnic x-ray expori:.icnts, woicht chmces 

i-lcrc c f f cc t ivc ly  then a t  t h e  equ ivden t  10 r E;cr d2.y dOScte Lf X-r:.d- 
izit icn,  
werc n u t  (1s s t r i k i n g  cs thcsc  f d l & . n L  x-rr;iiiatim. 

wcre fcun,! t c  be c,f l i t t l e  v d u e  i n  p r e d i c t i n t  atcLL.ie. 

i -  

C. Cc..,j;a-;:tivG Study r f  C h r a i c  X-rLdia t3  en 2nd ChrLnic 
Neutron k G i Z t i m *  Suixzrg 

1. DGS~.C;C f c r  d c s ; i ~ ,  thc  chc.nps which m e  i - iLh t  
c s scc i a t e  with irr: d i e t i c n  wcre .___ r e  prc ncunced 
i n  t h  neutrvn expc.seC: z-k.;..c.ls than i n  the  
x-ir r ~ . d i  ct e d aninkls 
Except f c r  t h c  c v c r i m  chances i n  ncutrcn expcseJ 
rats, 222 t h e  p ~ s s i t l y  s i p i f i c m t  h a i r  f c l l i c l e  
chawos i n  the  n m t n n  cxpcscd dc;s, th ,  t i s s u e  
changes wrL qu:Aits t ively the  s&,e i n  bbth 
x-rzdict icn a d  neutrcn rmi?.tdL.: mL.2ds 
Thc frequcncy c.f 1cukd.i:s i s  r c l e t d  t o  the ~ G S B L ’ G  

cf r z d i d i c n  i n  both  t h e  x-rc?y a . 3  neutrcn p c u p s ?  
It is pclssible t h L t  neutron i r r - L i d i c n  L E Y  c m s c  
the:.t t c  q p e c r  sbdier  thzri x-rzdicticn.  

2, 

3 .  

2 0 0 0 1 b 4  
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D. The Effect c,f Chmnic X-ra  i a t i c n '  : n tk-ChcAc?-l C:.nstltuents 
of the  Blood. Dr. Kathryn Fink e t  21. 

The f c l l c x i n ~  ccns t i t uen t s  cf the blcod wcrc &ttrL:ineu ilt 
frequent i n t c r v c l s  i n  the  dogs exp-sa, t c  chrcnic (dc i ly)  expcmres if 
x-rcdic?ticn a t  0.1, 0.5, 1-0, cnZL 10 r per clcy six ,cys p r  weuk: 
serur.1 prote in ,  s c m  chlsridc;, serw.1 d k c l i n o  phGsph?%cse, siru:'? 
choles te rc l ,  s c r m  mi[-'. phcsph:.txc, p l z s ~ ~ .  f iLrbLLerl ,  an\'. whd2  
b l m d  ncn-prL tein-nl trcEen 

AlthcuLh i'b2.l. e n d y s i s  tf t h G  , ? a h  h: s nc t  bcen r d e ,  It 
apiesrs t h c t  these  CCi . : I>c l ld l t s  c , f  the blccd arb riL t s i l n i f i c r n t l y  
nltcrecl i n  cnL.,c?ls cxpscd LG 622 t r d x e n t s  Lf x-rc) 2-t l eve ls  
uf 0.1, 0.5, 1.0, 2nd 10 r p e r  day. 

r zd jz t ion  a d  ti cz l l ic rc i r i ,  c non-2idyz2.blc c c n s t i t u t e n t  bf urine,  
n study : f  c:.llicr&n wt.s ,xde i n  ~ L C S  a d  rz.ts, 
t o  r i zdz t i cn  d x i q e  w m  found. 

Becmse cf  s i . i l z r i t i e s  i n  the  rLcct icn L f  Jc::s tt-, 

Iic c l ea r  c u t  r e h t i c n  

Iz 
E. A t t m p t s  t o  Deterj.ine t h e  Presence if :. Circu1crtir.r Substzncg 

Present i n  B l ~ c d  fcllcwinr,  I r r L i ~ t i m .  
Cept&n V ? i l l i x  Vclcntine. 

Dr. Jchn S. k-wrcnce 2 . d  

The genercl  ci;., cf the inves t i cc t i cns  here repcr ted has been 
t c  cbtarin ovidence f c r  cr a.pinst  the presence Lf c i r t c i n  " indi rec t"  
irrxiiz. t icn e f f e c t s ,  Twenty-six successful  cress c i r c u l r t i c n  exger- 
i w n t s  ( cc rc t id  c r t i r y  t c  carctic! clrtcry mastassis  i,! c c t s )  h m s  
been pcrf i rmc!  betwebn nLrml  2nd i r r c , J i z t c J  ~ L A s  
t i o n  was m t z b l i s h c d  i n  ixst i n s t m c e s  a t  SLLC s p e c i f i d  ti& in te rv2 l  
d t e r  t h e  r ad ic t i cn  c f  cnc p . r t n a .  
a f t e r  i r rx l i i z t i cn  were ctvercd. 

Crbss c i r c d e -  

,ill i n t w v & l s  up ~ A J  C2 hours 

I n  seven e x p r k x n t s ,  c russ  c i r c u l c t i !  n w2.s 6s t :b l i shL  zrrl 
t h m  one d::,al irr:.&zted whilc t h c  c thar  W S  shiddecl.  
cc.nsidere2. t he  I..< s t  c r i t i c t l  expLrF:..cnt s ~ f '  th. : rcup. 
on e lcucccyte  and lycphocytc ccunts i n  thL ntn.!;l S L r i d  
durint: ?n cpj-rcxi i~ztely 28 dcy p r i d  . f fcllbw-up c'.ocs nc t support 
the t h e s i s  c f  i n d i r c c t  e f f e c t s  p c u l i z r  t u  rcdi&icn. 
a s l i g h t l y  lclwercd 2.bsclutC: ly,ghccyti: cbunt i n  n,n.,zl znir.i?ls c f t e r  
c rcss  c i r c u l a t i m  w;:s nct  c c n s i d o r d  sic n i f i c m t .  
&kc leuccpcnicz d<:vclLp i n  t h e  n c r m l  aiiitl. 

Thcsc were 
D e t c i l d  & t a  

b t a x e d  

II t rend  tcwerd 

I n  n\, instance 

F. 
T1-ircrhopenic C c t  

Thc! RLtc c f  Utilizc?ltiGn cf Blucxl P l e t e l e t s  i n  t h e  - 
D r .  Jchn S. Lawrence cml! C.2.l;tfi.n W i l l i L ,  Vdent ino ,  

The rete cf u t i l i z a t i c n  cf blcio.' p l z t c l e t s  i n  r c . d k t d ,  
throczbopcnic cats h2.s been I.AcasuT8d J i r c c t l y  . 'ThrcnbLpenic ,".nir..cls, 
incapzble c f s i , n i f i c m t  p l a t c l e t  re! cnurzticn wcrc crc'ss c i r c u h t c J  
v i e  carctii'. t L  cr:rctic! zncstor.,cscs with nc;r.iel c n i A s .  
t o  independent c i r cu le t i cn ,  t h e  rcti; L f  dis:.ppeerancc c,f c rcss  
circulstc;; p l c t t l c t s  w;s i x m u r t x  by ? i r i c , d c  ccuiits. 

,ft,r ' rdturn 
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On tho  bas is  cf 200,801 tes t  cu l tu re s  f c r  l e t h c l s  i n  the X-. 
sc:x of t h e  fruit-.$ly-Droscphila mlmcLas te r ,  cf which - 73,901 rcn f l ies  irrzdiL1tcJ at  25 r, 31,560 at  50 r, 23,195 E t  150 

r, 2nd a-n l le r  nu ib t r s  ;&t 500 r, 1000 r, 2000 r, 3000r, a d  4000 r, 
it hm been s k i m  thc.t t h c  l c t h c l  . .atzticn r a t e  is d i r e c t l y  propcrtiLn- 
a1 t c  t h e  r 4 L s z L : G  w o n  f G r  t h e  1cv;ost dtscges usad. We arc fcrce2,  cin 
the b c s i s  cf these  findings,  t c  ccncludo thi-t  t he re  is ncJ t d e r L n c e  dose 
cf r a d i z t i c n  below which ..xt-tiLn dc&nct  Cccur. 
the-t a d c s c ~ e  cf f.bLut 35 r ac tun l ly  Jcubles the m t u r c l  l e t h c l  nub- 
t iLn  Less oxtcnsivc k t a  cn v i s i b l e  iiUtLtiGnS Seell tG 
show t he  SFLB r e l c t i m s h i p .  If thesc  f ind in ts  can be shcwn t o  hc.Ve. 
transfer,v<:luc. t c  t h e  e f f ec t  of rzdirAi.c/n-,cn the  h u m  rccc th rc Jvh  
t h e i r  c o t h b o r z t i c n  by exFarir;ents un t h e  uouse, 3 rx%r.d., t h m  it  be- 
cones c l e r r  t h r t  rc.di&Aon i n  J:osz&es which nay be t d s r e t e d  by t h e  
bcdy +cf  iXII m y  hzve ciim' e f foc t s  upcn the hur=lrn.-prr;l-plnsrA. I n  term 
cf society and t h e  hn.:m rcce the r i s k s  cilll cnly be stLted when a 
s t a t i s t i c  c n  thc  prcpcr t icn  of indivi i luals  LI' r e p r c h c t i v s  at''; e x p s e d  
t c  lcw clcsec:s. r r rd i l t i cn  i s  intrcduccd. Fcr t he  i n 3 v i J u a l  eXposeJ. mil 
his descenGsnts, tk r i s k  i s  cbvicusly ;mch k r e ~ t e r .  
he cc rc fu l ly  ccnsi:lcred i n  any p r c p c s d  use cf ntc;.ic enertJr cn 3 l e r g e  
s c i l e .  

Our Ja tn  i n d i c a t e  

i n  f l i u s ,  

4 

These f c c t s  should 

11. CHROhIC LlFOSlJFtE 

Ekpcrbcnts  were c z r r i L d  cut t b  t6st thi: l e t h p l  i;utaticn r a t e  i n  t h e  
X-chrcL.LcsLr.,e cf Urajcphi lc  under the inf lusnce  cf 1 c w  ,:c.snCes cf ,pxX rzys 
spreaJ  civer c cas idcr r . . t l e  t i c & .  
f c r  t h r e e  weoks Z t  a Zcsa~l;t L f  2$ r. un i t s  per 2c.y. 
$28 r. units, 

and cf 52,182- t e s t e d  X-chrC,..osuxs fr2.- c \  n t r o l  f l i e s ,  nti s i E d f i c a n t  
d i f fc rence  i n  the l c t h d  m t z t i c n  r a t e  bctwki;c;n c x p ~ r i m t ? ~ l s  cad ccn- 
t r d s  WRS fcuncl. These r a s u l t s  seen t c  bo a f f e r e n t  frc.i t hcsc  expec- 
t e 2  accorclinE tc, the licrk cf Spencer. 
d i f fe rences  in tc! .przture ,  i n  aging cf t k  S~OI'L;, between t h e  ,?cti;ns 
ef X :.lad gama rays,  c r  t c  diffcrennccs tetwcen thc: z c t i v i t g  cf chrcnic 
v c r s i s  acu ts  expbsure zt low dcses. 

F l i e s  wmc i r r e 3 L t c J  w i t h  rc i iur i  
The t c t d  dose wts 

On thc  b r s i a  L f  48,646 t e s t e d  X-chrLi.icsL:.Les frL,.i i rrLcliated f l i e s  

.., 
The d i f fe rence  i n y  be due t c  

Bcfcre it ccn be wncluie: t h L t  chrcriic expCsurL t c  .Ariutu 4ciseS 
cf r z d i c t i c n  i s  s a f e  frc,.. a Genetic pc in t  d vicw, it v i i l l  be niccss2ry 
t c  exclude th3  d h o r  p u s s i b i l i t i e s  h d c c t c d  c b ~ v c .  
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Genoral Back 1 rcund 

k h u m  spcrr., ccntains  24 cfircr..csc;r.cs. 
t ' s t r ingl l  cf 6clr.E h u n d r d s  cJf genes. 

I 

1. Each chr~r.~r;sc;r,e ccntein3 2 

2. 

3 .  

A hwan ekg cont r ins  a sir,dlc.r s e t  cf chrbr.csGnes and genes. 

so i n  t h e  nuclous cf  c f e r t i l i z e d  egc there  a r e  48 Chro!.,GSmeS &to- 
gether  - 24 qinds,  cech i n  Jupl icc te  - 2nd pcrhcps lO,oOo kinds Gf 
genes alsc ecch i n  duI . . l i c te .  

4. Each gene hcs t w t  incin typos cf a c t i m :  

a. 

b. 

, Ench ca tc lyses  ~c;r.~.e par t i cu la r  che:iical process, given the prLdpcr 
m t o r i a l s  . - 
Each reGuplicEtes i t s e l f  at, cir sme tiw befGre, each ce l l  clivi- 
sicn.  (In t h i s  l a t t e r  clction the  bonds between genes i n  t h e  s m e  

. chroi.icstdLe d s c  re6uplicLt.e.) 

5. So each new cell cf EL devclcpin, etlbryc i s  equipped with 24 p ~ r s  Lf 

chranoscues wi th  t h s i r  a s s c c i a t d  Lencs. 

opcrate i n  c " f i e ld"  cf lhitd cmplex i ty ,  i . e * ,  t h e  cytoplasrdc 
d i f fe rences  elrea;y ex is t in ,  i n  t he  f e r t i l i z e d  e&€. 
prbbably incrLases the  r cg icna l  2 i f f  erenccs m J  p c r x i t s  clthcr 
. in  t u r n  t c  ccsc i n t c  pley.  

I n  tencra l ,  d f f e r m t  b z t t e r i e s  cf  cones, CU.E i n t o  a c t i i n  ct d i f f e ren t  
ti:..cs, i n  d i f f e r e n t  cells cf t i ssu ts ,  :-n, f,,r varyin:. i n t v r v a l s  deter-  
c i n e C  by w h m  a-12 whcr t  the r a t c r i c l s  fo t h e i r  cperatirxi beccm avai l -  
a t lc ,  S u e  cenes perhaps reuzin i m c t i v e  u n t l l  lonc eftcr b i r t h .  

Xost, i f  nbt a l l ,  genes m e  vcry s l i c h t l y  u n s t z t l e ,  
a J r L l l i m  dtx,cunclLmts by rcCuplicaticn frCA3 B sink.le c r i , - i na l  i,enc per- 
haps cne c r  a fow w i l l  have E somwhct i i f f c r a t  s t ruc tu re .  

Once d [me hcs unJ<;rLcnnc such L? c k & e  (i,,utzticn) i t  redupl icc tes  the  
cklante4 s t r u c t u r e  t h e r e d t e r ,  except fu r  t he  cccurrence of furthc-r m- 

6. Eeneis $cii..e i n t u  nct ion at o- ~ i r t l y  a f t e r  f c r t i 1 i za t i c )n .  They 

Their  e c t i v i t y  

7. 

8. d3cng f c r  exa-iple 

9. 

- t a t i c n .  

10, &katicn probcbly decreases t h e  c c t a l y t i c  a c t i v i t y  L f  penes. 
rmtant gene Kl a c t s  i n  t h e  s u I e  process as the  n o r m l  gene 1.- f r a  which 
it arose, bu t  l e s s  ef fec t ive ly .  

So a 
, 

11, A &il& xhc i n h e r i t s  2 a u t m t  2 f r c u  cne pcrent rnd t h e  n c r m l  gone 
E frir, the '  c ther  ; ; a rd , ,  r ag  or  ray nct shcw e f f ec t s  cf t h e  =uta%. 

a. If LX cells crc  able ti ;IC i.iLre cf t h e  s p e c i f i c  Li-catdysis t b n  is 
necessary, MMf c e l l s  rxy b e  &le t L  dc encugh SL thr.t t h e  presence 
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12. 

13 

l4. 

15 

16 . 

.1 

cf Ut 
fbnction. The mutant hi1 is s c i d  t c  be  recessive^ 

n& i n d k a t e d  by any Zeviaticn ffi1.i nuIra1 structure o r  

b. If Idhi c e l l s  Clc just encuEh cf the hi-catdysis,  I t f  W i l l  nvtr S u m  
mbrycnic  prccess  w i l l  devia te  frcxL i ts  n c r r d  CGUI 'S~ '  and s w e  
dctz5.l cf s t ruc tu re  or func t icn  will bcccjrie ?.bncri.1d, thcuch nc t  
necessar i ly  harnfu l ,  A mtmt c,f this s L r t  i s  s a i d  t c  be dorLnznt. 

&.ciiation-induced a t m t s ,  l i k e  t h e  spcntnnwus, LEY be si t h c r  re- 
cessive L r  d d n z n t .  

I n  can, the  p c k m t t i d l y  &ni:orcus m t m t s  are t h e  dc;;linan;ts, a d  t h e  
recessives  i n  t h a t  cnr3 jxir cf chrcrxsciies which detcrri ines SBX. 

t h i r d  c l c s s  cf p c t t n t i a l l y  danterous i n h a r i t c b l a  changes can be 
inchcud by ralii?.tiLn: chrbI.,Gsci,ie n u t a t i i n s .  
o f f  one chrc ... Lsir.ze m d  a t tached  t c  enLther,  
i n  s i t u .  

A piece IXY bo broken 
k scc t i cn  m y  bo inverted 

ChrLL..LscI;les m y  exchance s c c t i w s .  

Thus, i n  2 spcrrn which hzs been expcsod tL r a f 3 c t i c n  any m e  c'r m r e  
cf m y  thcusmds d gene t i c  chances cccur; any cf t h e  thiusnnds 
of Ecnos r a y  r.iit?-te a . ~  chrcr.iGsmes pAy break mC: re-attach a t  m y  clf 
t he  thcusands cf bcnds between LenLs. 

Since cny cne cf theso chances has i: very l b w  prcbnbi l i ty  a t  mdcrate 
exposure, t h e  r;ajcrity I f  expcsd spern  w i l l  nLt undergL m y  ~ r u t z t i ~ n .  
I n  t h e  Lainority which arc cffoctec: cne Lene w i l l  riutztc: i n  cne sperfi, 
a d i f f e ren t  gene i n  m r t h e r  spern, i n  s t i l l  a t h i r d  c e l l  thcre.Tdl1 be 
a C ~ ~ C G L S L L . ~  r-iutnticn, e d  so on. 

Ekperirxnt c c l  Prc c e d r  e 

dba 0 x 

(rayed 
dai ly)  
F1 00 + 

' (autopsied 
n c t  bre2) 

3- 
2 0 0 0  I & 8  

Crcsses rxde  at Rc ches t c r  
A 057 00 

++ 

clbincj hybrids 

(breil f cu r  
tiries, then 
aut  c r si c d ) 

I'FZ'' l i t t e r s  testinc f e r t i l i t y ,  mt f c n e t i c  
s icn i f icznce  cf eny atifioxzl.ities, cf t h e  F1 
o r d n u i l y  disccrded c f e w  deys a f t e r  b i r th .  

I 
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f 2, Gene anG chrciaicscm d t n t i c n s  which i;ccurrad i n  t h c  spern  L f  expcSc2 
* and c o n t m l  nnleB were detectad as f olluws : 

If thci spern ccntcined a The e f f e c t  i n  an Lffsprinc, 
f w m d  fror; that sporm waa 

devia t icn  frw; no rx i1  s t ruc-  
t u r  e u r  funct ion 

recessive p n e  mutcticn 
i n  t h e  sex chru icsme 
( t r 2 r E d t t c i  t c  F p p  nct F 00) 

nunc i n  F : but  he l f  cf t h e  
scns of $fg arc affected,  

i 1 
chr  onosa.;e rmt a t i  cn 
(transr-ntteci t c l  Floe L r  $9: 
s t u d i d  cn ly  i n  GL) ++ 

redue ed fer t j l i t y  

t 

3. I n  b r i e f ,  tha  p rwxiu r6  was t c  hunt cnong the c f f sp r inc  c.f expcsoi: and 
c m t r c l  ~ e l c  n i ce  f c r  

z. 
b, 

C. 

Suns 2nd d m r h t e r s  with scce a b n c r c d i t y  i-f s t r u c t u r e  Gr function; 
dancMers pLLb3cinL: J e f i n i t e l y  fewer thm ncrr:al Lffsprint:  i n  f c u r  
l i t t e r s  ; 
da-tcrs p m h c i n g  ~ n l y  h d f  as i-.a”y x n s  as d a f h t c r s  (i.e.,  

d m & t c r s  rece iv ing  sex-chnribsL..,e rccLssive riutants with l e t h a l  
e f f e c t s  . ) 

4, The pmcedpnrc: W;LS ccr+liccted by t w c  r..ain f x t c z s :  

a. 

9 
a l l  ~f the  c f f e c t s  cf ;.utmt t e n t s  L r  chrcuoscxcs LIZY be dupl ic2tcJ  
by Jevelopi.;intd 2n.l post-natal  accidents q u i t e  independent L f  
her ed i ty  ; 
t h e  e f f ec t s  cf m t m t  Cenes ranee fib,.- lap m G  conspicuous .:cwn t 
very s l i c h t  and U f i c u l t  t c  de tcc t .  

b, 

5. SG the  prccedurt: i n v d v d  2 dcuklt: s i f t i n g :  f i r s t ,  each F1 K . ~ C U S ~  had t o  
be c l a s s i f i e d  as n c r r d  c r  czlinbrid ( w i t h  r e s p c t  t L  the  th re2  c r i t e r i a  
i n  i t e n  3 abcve:) secmd,  thcsc  c h s s i f i e d  tis Lkn.,rml hZi t c  be t c s t e d  
t c  detoriiino whethar the abnLrr.Elity was heredi tcry cr n u t ,  The l a t t e r  
discrir5aZtiicn i s  p c s s i t l c  becrzuse thc  he r s J i t a ry  abnmxdities are 
t r a n s a i t t e d  by tho ind iv idua l  czrrying tbjn t c  hzlf  c f  i t s  cffsl;rin&:. 

Resul ts  

1.. The e s sen t i a l  r e s u l t s  ere shcwn i n  Graph 1. The l e f t r x s t  p d n t  ShGws 

The next p c i n t  t L  t h e  r i i h t  shcws t h e  prcport icn 
t h e  propcrticin Lf spcirr.1, frm ccn t rc l  r ~ n l c s  i n  which t h e r s  wcs c. cutan t  
gene ir chrcr;.cscr.ie. 
of nutarit bezriw spen-, f r w  rides receivin: 0.1 r/ilzy. 
p lo t t ed  a tme tht  pGint cn t h e  i.osc sce l c  r h i c h  rclsresents t h e  avercce 
td,& rcent&c;ns received by t k s e  spt-r~, frcn wMch the  c f f s p r i n i  c;f 0.1 
I’, mlcs hcd been fc.rr,iecl. The rcr;dning p c i n t s  represent ccrrcspcr$inE 
da ta  f u  spern c f  nales e x ~ s e d  tc, 0.5, 1,O 2nd 10.0 r/dcy. 

This p i n t  is  

3 
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2& The slope cf Graph 1 is 
(of tb magnitude a n t  
6.4 x 10-5 per r. 
1900' under& rnutatA.cn i n  me c r  enbther gene cr c h r m c s u x .  
of t h e  unaffected s p e m  hcppens t c  be usad i n  ft:rtilizc".ticn, nc harm 
has been &ne ;  if m e  cf t h s  effsctcd,  t he  rcsult w i l l  be one i f  t h c  
Zbnorrzalities 1 i s t  ed ab Gve , 

roontken th.t a r.st;ltiLn 
occur; t h e  valuo i s  

n u s ,  ~f e m i n i c n  S ~ C ~ T J  cxpc,seL t o  30 r. about 
If m e  

3. The mtat i .cn haacri! i n d c e t e d  by G r q h  1 is  lcwer t h v l  the  t r u e  value 
because of defec ts  i n  our procedure. 
were not  t e s t ed  by breedire,  nor were c.11 defects  i n  Fl?;, because of 
space and t h e  l h i t e t i c n s .  
be sene due tc cia,dn;nt gene r a t c t i cns .  
i s  rick l i k e l y  t c  hzvL cccurrec, rr'cre than a fdw times in t h e  expcririent, 
t h e  nissec rutants shculd be a rsn i  those abcrrcticins which were nLt 
found r&re than a few t i z e s  a l toge ther ,  
as i n  Graph 1, t h e  prcpcrt icns  cf spera  frcm which were fc;rrlieLi Flw 
d c e  shcwin:; s o m  type of s t r u c t u r d  c b n c r r d i t y  thz t  q p o a r e d  
a l toge ther  f a r  o r  fewer tirnes aru-.ni=, t h e  l.l,OOO F1 n i c e  exiLnined. 
The increase  i n  propcrt icn with inc rees i rq  dcse can only m a n  genet ic  
e f f ec t s  cf t h e  ralicztich at a rctc of about 1+.2 X 10-5 per roentgen. 

A b n a m l i t i e s  fcund i n  F1 GO 

k m n i  the  untested abnom.zlitics should 
Since m y  pczrticular rmtztion 

Sc i n  Grzph 2, me $cttoJ, 

4* lddirg, t h e  t w c  vzlues tcge ther  Lives an c v e r c l l  m t n t i c n  hazard cf 
1.1 x 10-4 Fer r. 
or chror.!Lsc;ne nu tz t i cns  with sr.all e f f ec t s .  

 his v d u e  stin exclucics mcess ives  ad donincnts 

5 .  

6. 

The t G b l  nutZti.cn rczte i s  d i s t r ibu ted  rc.ughly as follows aicjng t h e  
several  classes c,f nu tz t ions  : 

doninants wi th  s t r u c h r d  effects 30% 
recessive l e t h a l s  i n  sex chror;;cscce 20% 
chr W G S C L ; ~  nut zti c;n s 50% 

TWO mjm uncer tc in t i  es r b J ; d n  : 

a. 
b. 

Is the X-rcy rnut?-tiLn rc-te i n  i13n cs hich as i n  rxicc? 
VWt p c p c r t i c n  c;f th\s r a t a n t s  we h a e  fLund would be serbus 
i f  thcy cccurred i n  nan? 

Obvicusly, ne i the r  q u e s t i ~ n  cnn be answered; With respect  t c  the first 
we &ht better.wcrk cn t h e  ccnservetive assurqhicn t h a t  t hc  mt i? t ion  
r e t e  w i l l  nct  be lower i n  man than in L?LUSG. On t h e  Seccnd, it i-ii;ht 
be wise t L  l akc  a sirAlar att i tude.  Certainly,  i n  t he  c raa ture  wbse 
genet ics  WE kncw best ,  _ _  Drcscphiln, nea r ly  every mtwt eone b s  Je le -  
t e r i o u s  e f f sc t s .  
alter?.ticn cf sme d n c r  rarphc,lcCicd d e t a i l ,  l i k e  eye cclLr, but cn 
f u r t h e r  study we  finL th:t supcr f ic iLl  c h a p  tt be accapanied  by a 
grea te r  c r  l e s s  re iuc t ior ,  Lf cenerzl  v i t m  cr Gf l i f e  span. 

kh.? r x q  first nc t i ce  the  presence cf c ilutant by 

7. If  we t s k e  t h i s  view, we rre f m c d  tx wcnder whether ii h u m  c q c s u r e  
cf  0.1 r/day is  acceptcL1c. 
of t ransr i i t t ing  a new r u t e n t  Ccne fu eclch 100 r a pa-cnt has received 
at tirie c>f ccnccption. 

It wsns  an increzse  bf 1% i n  t h e  hazard 

2 0 0 0 1  10. 
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- Carmnt OTI Baaiotiolocicirl T e c h  cues 

1% is abviouslJ Lzpossibic to Lbs i rx t  sut:jectti ol this tyjx 

because iriclusion Lf specific uetai l  is necessary. 

incltxsion of the index mt~ i'eit t o  be vrzrranted i ccsuch  t l ~  it 

cLe8rI.y irkicktes the scoie of tho v;ork on t h i s  t;pe of pwbien. 

Hm;ever the 

"4 
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J 8. 

C. 

, La 

lL 

F. 

G,  

Amxts HistoprLtho1oC;ical Chrznges Due to S h E l e  tnd l - e r i a c  Dose8 of X-ra;s 
on Lice,  Bi-, be13ru;n tnd Lurraj . 

Physlolorical and Clinlcal Ji;:fects of Single X - x q  lkses on U O ~ .  h i n t e r ,  
hesser, BoTrori, Schvrartz w.c JLccbsm. 

The Cowse of Xortdi t ;  &;io&, Xcc, hts  anti k k t i t s  Given Sin,le Doses 
of X-rays, SGchcr 

1.U. Acute % s t o I ~ t i ; c l o g i c a l  Ufec t s  of S i n &  licses of X - r q s  on Chicks. 
Uoop,, Heiler, RhoaGes mil Jacobson. 

Acute h t h z l  Action of X-rap on GuLiea P i p  a d  Birds. 

Ther&py for a d  F r o p ~ l s . x i . s  AgEinst X-rq- Injt ries. 

HaLeri. 

Simons, Presser, SLtcher, 
I ecrlcxs and Jacobsczl. 

Mfect af Ac;c cf 3 c e  c n  the ~;edii;n Lethd Gose of G a z &  ftprys. Curtis and 
ZinJe . 

sffects of X - r q s  on i-henylhyur&zfne Irxbacaci A r i d &  in & i t k i t s .  JacGtjsori, 
2 ; t s  e.ui Simcns. 

L;tfects of X-ra;s orr lined& ir. &kcits h~ciucet, t., Glcedi~t. 

Effect of &rap 0:. the Lfe  Span of the Reticulocyte i r i  Vitro.  

J~LCG~XXIG and Ltrks.  

Jacobstjn 
ana, L i?rkS , 

Effects of E;erlc;ccic Gtiwm Irraui;tion on LJce w,d Wine& Fi(;s. h r c c z ,  

I J 
S. E f f e c t s  of i)zily I;if;ht-hcur GULL? Loses C I i  Guinea k i p ,  

HeLer, E~OCL. ma hrenz .  

Heston, iischenbreriner ~ n r l  Derringer. 

1, Heaatolo@%l m e s .  
2. i(istopathaq-;ical ChL.wea. 

JccOL;scri, Sochcr i ;.d hrcnz .  
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LC. Mfects of 1-rtys cn ;;ei@~i of Indiv idua CrLms. Sachor &id Ijrucs. 

FF, Effeot of Whation on Lung h r  Incidence in CF 1 Yice, by P. S. IIensharr, 
R. P. Riley, G, R, Stapleton, and 1 : .  B. Cupp. 
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. . .  lesa sensitive with respect t c  t , c th  l-dq a d  1G-d~:. ,,-L~ui&s. 

' d e s  apparmi t o  be Lore tensitive t h s .  femics durir4 the 

first three &AB, 

the feizales tcncied to die faster sc t ha t  tt t;ie end $6' th ic r  pericu 

i;urini the next 17 ut; s (up to 20 dtys t c t d  t i e )  

there W t s  i i t t l e  mfcrence in the m o r t d i t ~  of the sexes, 

The r.ew survivel t h e  uecrc:.sec; sk-xi; ts ms..px frm 9 
CiVO t o  9W v;eTe Liven, 

the life of $he irAirAils i . i th  the increz-sed dove of r a d L t i c n  xes 

significant. tfeavj anit-;is tend& to survive lonjcr Mia 1 i L n t  

€ U h € d S .  

Eetneen 900 imi l l W  r, the shortening of  

Same of thc a n M s  Fhich k d  sun5veci E. p c v i o u s  S h g k  riwe 

~f x-r&ation v.ere give:. i second trectment of ECG r, 1CG ciap 

after the first T;LS I;iven, 

n a h k r  resistance or sensit ivitj  %,ere inducea by tke ;:rimq Gose of 

x-rLcli&ti@n. 

Results cf this s h d ;  :r.diccited thEt 

9- 
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8, kthd. Act ion  of Shcle 
br S d e r  and Hagen 
--- 

IA sintile cioses, t h e  

is &pprcudmt+elF 315 r, 

19&3 had an LU 50 of 450 r. 

later then the d o v e  d:te showed an Li, 50 of 5,il r xithout chanc;e in 

tachrLque, 

t&C mice vihich were ex! osecl before AL.ri.1, 

Hoxever, :.,ice of the same str;Li recefvsa 

T h i s  would indicate t h a t  there is scc;e v z i c t i o n  evan 

in a cert:ir. strtin cif &.G~s. ;,o sex &fierefices w r c  noted in the 

Folicjr,5nc a pered $we of x-radicition i n  'itiich the sec~ad  

dosage of radictian FLS ai&iisterea d t c r  c ymoeterrLnec redovery or 

2 0 0 0  I 1 8  



C. Acute IGstor.ttholoFica1 Chmr.es Lue to Sinrle e kcriodic -- 4oses of X-riidiotion SI. Dy Llocc, Dcljruyn, and k r c y r  

Tbe data on the ptho lokj  of .d.ficle a i d  ,-ericiLc ~ . ~ s a t e s  of 

i a  cu-plctc account of t h e  biato;wtho- %-r;LuioLion is not cor$LeLecf. 

c;afikFits in this study. 

In the studies on F;tired ,wee of x-raiiation, d e  8nir;Jlls 

received a~ initid doac tf 3 ~ - 0  r of ra,iiation foliokeii bj L LieterLjnik 

after the first dose. A p l o t t w  cf the rusults skmeu th&t the 

residual effects a t c r  the first dose Cecreclaed expcnenti&ilj- Lit 

a rat4 of 8 J  per cent p r  dar. T h i s  rate was not Rerintoined besond 

In the experhent on pericdc doses of x- r d . a t i o n ,  a d d s  

xwe fiven d a i b  doses of 12.5, 25, 50, 100 ( t ~ o  Costs), i50 (t:5.0 dosi;s)l 

2000 I19 



E. Physio l~ . ic81  g& Clinical Ufects of S b d e  X-ra; h s e s  -. - on a, bs Proiser, hinter, Ikrrcr;, Schu;rtz, cnU Jecc'cson. 

xeight, fooo arid weter exchange, n i t r o p n  exchagc, kics.cy function, 

plasma protein changes, h i s t b e  c h q c s ,  electrocGruiocrkphic c i - q e s ,  

can be made of t h e  fAd.ngs in th is  rqcrt. 

In general there is a ter;.,iml rise in the heart  rr?lte, temper- 

ature 2nd a fall  i n  blood pressure 2s a shock-like sthte devdope. 

(This should bc distinguished frcl-, the.prkary shock that develops in 

certain species expseti t o  x-raiiction). The blood volune shows a fall 

2 0 0 0  I 8 0  



F. Tho Cliriicel ihysiolo~y.; of DOES Giver: D z i l y  TotLl 
X-raqiation, b3 Frussor, bore ,  B r c n ,  ind Schxarts;. 

Dogs z ~ r e  expose6 to U.5 r, 25 r, 40 r, and 50 r d d j  

9 of the tchite blcod ce i i s  x i t h  the is fol;o.:ing t L i s  pzxrd. p&tem. 

2000 I 8  I 



chkagc for about fow ;,.oritha after :.:hkh the  zbme desc~bed c h w e s  viere 

noted. 

;might chences wre si,ilar t c  Lhe mute experiments in doses 

been a c d t c c i .  

Carqlete & d e s  as outlined in the preceeding repbrt on the 

physiolo~ical a d  clirlicaf effects of sinLle x-rk;; rlcses i;Sr-e c,rried out,  

but &side frun the kbcve tccourit &re not Set sufficienay ccL.;leted for 

2000 I 8 2  



The 

but 

W&S 

and five ueek chic,;erm aftcr trmti..txL. with 6 d  r ard BGG r rttspectivtsl;. 

chickens with  the qccit; l  purrcsc cf est~llishin~ t h e  WliAive seaeiti-Jitj 

i' , 
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EGtL ( 8 r i t i s h  Anti-hdsite) a d  ortlinrrs n~~iti .G s d i n e .  

were ail injected i n t o  the m.icds. 

These. cci:.yourib 

The l>z.;.hocj.te Bnd heteroy.hy1 counts rxre I’cUo~;ed Ers i n i h e s  

E S  t o  the extent of the injurL, end the value of cny beneficial effect 

of the injected substance, 

in thew blcod ccur.ts 5;fter irrtdt t ion.  

3 
hone of the treetr;.ents ;revented t decrease 

! , c d  s-e icjected in 

adeqs te  qwAfties ~ s v e  the i,:oost tenei ic id  e-fect x i t h  a l w e r  

survival tic-, Cnd less depression 0: the circulating Tihits ceil count. 

h;, 
Riley, and Curtis. 

The Effect of A m  on the  Rt.&oser\sitlvit:. :Gf :.ice, b? Llrk le ,  Andersofi, 

u c e  of different ages ranging f s a  1.5 t o  12 ~xx1th8 have 
Fv 
=been eXFosed tc E;- rays i n  an effcrt to deterr.he the ch;lriC;t i n  
0 

sensitivity K i t h  %e B‘QS observed i . i t f i  e i t h e r  sex z l thwgh the axperi- 

mental error is the caee cf the d e s  was c-uite hrp. TL.e f e i d e s  :..ere 

found to.be ;..ore resistant then the d e s , .  t r  



2 0 0 0  i 85 
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cc leuke;..ias viere observe: in Euineh r igs .  

9 Ace arc rcdio-inser.sitive as f2r ss the i,lood , i c t u ~ . e  is 

ccncerireu but i r e  rsuio-smsitive ;:itis respect t~ the uevclqLeflt ~i' 

thiin those of &nec ISp, hut the orr;t;slte iti true Lcr t h e  testis. 

v:idel:. 4ifferent re: cticcs t o  irrLLkLiori. r . -_ 
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cicse pericd. 

The ei'iect cf t h e  i.+our eqosurc C'ELS Si iLht i jV iI,Cre severe than 

tkt of the a - h c u r  ex: omre. 

stciiiitj effects 2% tiie 77ir r t c t a l  dcse. 

Feixics at  5 . 5  r p r  u e  licur sho..ed 

x slr'ile exI;cri;ect usinf: 

A t  the  t h e  c;f report ,  r.0 evikences of tns Coretic e f f e o t s  



red blood celi has t? i i f e  of 100 dzjs, E cc ...p lete cessctiion of er;%hrc- 

poesia 8 t l O d d  result in i croF of q jroxiut,el; 1 p r  cent cf tne heaq1oLi.n 

d d l y .  Actudly a t;;.~ t c  sGven Fer cer.t :all is cc tc t  iurirq t;x ..wit 

rzpid period. 

V. The Ei'fect of Radiation on Ccg2roporphyrin hcret icrr  LJ ..atsoIl, 
Lqyric, and Sch~xrtz,  

The e i foct  of externttl i r rk* iLi , io r i  civer. in either single 

(300-2000 r) cr s u l t i i l e  JOSBS, arid cf internzl i r r i u A t i c n  h a  beer, 

studied Ln scverd uozen G c ~ , s .  A ccnsistent p t k m  of tctti yor;>nyriri 

1 excretion has beer, i'cunci i;s l o l l o . ~ s .  

2000 i 88 



7 -  .A2 , 

A nwkeu depression of occurs r;, i u y  . 
For several days bei'ore aeoth, hOY:CVer, v:.lues rise aii ginorLi1; 

are sever& hundred 12er cent dove ccntrd values b; the da; of 

death 

Adequate isore=. studies Ere riot ;-et n v d l a k l e  t o  j .erdt a 

ti ,  

TinsleF, and biailace. 
The Elfects  of Radiation clri Liver Fur,ctic;n, bj Schi;;rt4d, io r te r  

Liver function has be$n studied i n  htmms by means of the  

urine urobilinogen excreticn and t h e  s e m  cel,h&iin cholcsterol 

floculation, colloidal gold, and t ~ i d t u r b i c i i t ;  tes ts ,  

only the urine urcbilinogen test  hzs been I'ound t o  be applicskde. 

In  a n k ~ ~ l s  

There is o &*ked >,crease in the urine urokilbogen excretion 

ciuriry; the last several dais bufcre cieath ti aimis ,ivcr. tttal 

bouy x-raj . 
indicated by this test. The various it-et61s especiall; bcrxifiuci 

and lead produce l iver  &sfunction cjf vhr;in& decree. 

1 
klu~oriiuffi produces uefi;LLte ifver ci;sfunction &S 

X. The Ufects of h d i e t i c n  on hhite BicoL Ceil  Letotcjlisn, by 
Schvartz, CheneJ-, Cohcri, UeCrsela, Flax, M z e k ,  urd .i;?ttenberE. 

These studies  cem planned especially fcr t h e  irivestigntion of 

the nucleic ecias mc their derivstives a i d  asscciatecl C O L ~ O W ~ S . '  

c h l c r x c t i c  w i d  soluLle frccticr., thc a c o h c l  solukle irizcticn alii the 

. residual s x . ~  l e .  These anafsses w r e  fcr ;.hosi flcrus a d  its cci.;binoti~,r,s, 

3 
2 0 0 0  I 8 9  



cot :A. 

f d l  c cors l s te r i t  increase in the i:ltrc;violet ;'r,scrl,tiw k. the 

blcohcd s o l ~ l l e  f'r&ctiori ht;s Leer; ncted. P.is i s  Lrastcr thsn t h t t  of 

the 1 bosphorus, ritosc; L;r descxpitoss kccrcLscs. The iuer.iAt; cf 

the substame or substtncc=s re;; onsiLle for this reictivc Increase 

to hynurcnic scid,  a tr,vpt,oj.hme deri.vt;tive; cnia (2) increased 

t b s o q t i o n  at 220 fiu. Cue t c  u r i c  acid. 

1; r:ethcd is ,cscribe,. fer the qu;rltitciion cf h y n u r e c  x i d  

in tryrmcnic &ciC excrctim is thus ,..easumd. 



*- 

kave uied c2f.  

BB. 
& b: Sacher and Fsrues. 

The Bi'fects of T o t d  Ucd:, A-rz:; on tho Lei:i.ts of L r E a s  In the 



- 
lc.3 1.er cent I;rer;ter t k n  fn the cclntrols. Thus the  rdaructicn i i ;  

of x - r a i i X w .  This is ir, cxccss cf 2Wu -. bna;rA sptcr=s are riot 

affect& ils are tissueti boc:use of the LcL. of ;..any sulfhpr;.l  &;roup 

( S H )  LI their structure, Radiatioii prcciuces cxidziions Fhich in turn 

with 1bO r of x-rt;; (200C..VVF), the enzpe  i s  inhibi ted.  

glutathione, hawever, cctitcining excess SH g r o u p  rosctivates tire or;cyi;e. 

Additicn of 

im effect (in vitro)  u s i q  i r r d i a t i c n  r . i t h  dcses as a:.~iI as 1 r 

ccn be noted. 

X-rdct ion  l ikexise ir.hLt.its t h e  Sti Crou;is ir, Lroteir.. If the 

aoscye of irradint ion j s ICY;, the zbove I ~ i t ; i t i o , l l - r e ~ c t ~ v ~ ~ i o n  

&iieiloJ:.encn is noted. If t h e  dosa[:e i s  iaree, B iienoturz.tion of the 

protein of irreversiLle m t u r e  Is noted. 

Tissue studies shov; thgt doses as s-aii as 25 r v k l l  cause 

c b . g e s  h the resgiration of liver, k i u , ~ ~ ,  zci intcstir-e. Such tissues 

s h o w  no prrtboloy$cal chuip .  TL s effect is coted i n  the intestine 

as little as three hours after exLosure. ’he  t issue emj;uea 

contairine S)i groups ’;.ere r x s t  ctffccted bGth in vivo and in Vitro. 

A n L a l s  irradibted axid k i l l e d  t.6 varyin& intcrvas L f t d  the expsure 

3 continued to shcvi rdher ;,sr:.oci effects  in those t2bsues r ich in enzyxes 

A- 
i 



Tids trbncrd Lleebinl; CLL t c  ccfitrclleu or  -reventcc L: t h e  

aicdnistrirtiori of t d u i i i n e .  blue. * 

t h e  P.ecorrha&ic stots. . 

The rrofound tkiru..bocjtqenizi asscziLteu -Ath t h i s  iisease 

tippears to rloy i i t t le  If as,; r d e  in the t l c e ~ l i , ~  tenacncg. 

2 0 0 0  I 9 3  
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&&i,vitr of Fast Noutr 
Action on Slce. 

8 fn Their Acute Lothal 
E. ii. oirkle, J. ti. Baper, E. F. %ley and By: 

G. E. Stapletan. 

4, ~ ~ p o e i n g  mrims ~ I - C U ~  cf rdce to gr;deri do8c6, the r m i i a n  lethal 

dose of 

frw the rue;  (b) ru&;Ititn G ccnsisting of g w ? a  r c p  cor:tti;&sted rdth 

f a s t  neutrons; (c) rhdiation k, u mixture of fist rautrons end rcdintion ti. 

The lU5O of rbdietion G. 

be unity if fast mutrcns ana racliction F me r;diobiolot-;icel adfit ivc.  

the experimnt deviLtior. i ron ur.ity ('7 percont) is e i t h h  the  error of the 

aieasuculilonts, is conciuded that complete additivit; Gf thesc t ~ i o  r=di;;itions 

has bean denomtrated. 

i t y  of f ~ s t  neutrons d rndicticn G r:ay be extender! t o  a d u i t i v i t j  cf fast 

neutron8 and pure gcir;~l;e ra; s. 

of t h e  foUc-;lrx r:  k i i u t i G r . s  was detedried: (a) fc8t nltnrtroris 

Theoretically, the 8uiti of these two fractions should 

Since 

lt is aSoU;;ieci tlxt t h i s  CCLClUSiGI i  concerhing adAtiv- 

The ID50 of fast neutrctis, drectl ; .  deterAneG, F ~ S  91 n. The U50 of 

pure gama rajs, indirect12 detcminec? f m c  t h e  exprk..enta3 U n h ,  kibs 812 r. 

In znother aperirsrit, r.erl'ornied letert for a diffcrcfit furpcse a correspfdirq; 

/ value of 4 0  r vas obttiiried. -'! . 
< 

1.. BXl7,-20. V P t a l i t x  br: Henshaw. 

41 expcrizent on a cbettiod t o  deteriyiina ... hether :ny eduence of the  

e f f e c t  of penetratire rLdiatior, can be detected and izoasureci i r t  the t e n s  of 

fatigue usin& en exercise theel w s t i m l a t i n g  qpr;ratua to r;revci.t rest. . 

I"  hesnits of this study do not dlow interprethtitn st  this tine. 

2000 I 9 b  



2 
Y ... -- 

2X; KVF x - r q s  a id  first ncutrcns pnertted by deutuon rcLctioi, on o 

b e ~ l l i u r . ,  rroke. The ; i ce  used were CF 1 fendes  waiC:i,ing 20 g r u ;  

In the Ace, il medizn i e t h i l  Uose (U, 5; )  vas show to be 

515 r of 2:-raiiation a d  55 n ( t ! . e  n GS useti in all of these 6cmunts 

chaibcr). Ti-As xas Leteridncci over e three t o  txentl-dq Fericd. ' 

Thus for the Ace, the ratic cf >.-rqs t c  neutr~ns (x/n) is agkrox- 

b;ateiy lr j . ao r&tio is cjbt&xble fcr the rrurviv&l curve because 

825 r for the x-rsdation hrri l.45 n for the rieutrm exi:osurc. As in 

the r i c e ,  most of the eort..'ilitj occurred betwxx: the 3rs US 20th 

The x/n r a t i o  here is  qpoximtelx 5 . 5 .  

the x/n rc t i o  w s  aetercheci et 6.L 

For t h e  :..am sumivLL tk.e 

2. HenatoloFJciil Ufects: The effects on the  circdating 
I 

blood elements were studied after h s e s  of x-raiiztion ran&ing frLLi 

25 r t o  &GO r, ani Gter doses Lf raeutrofi irraciistion raging frrx 

9 11 to 17r n. 

The eeneral Fattern of response of the tlccd elersr,ts is 

quslitativelj sitdlar f o r  f;st r.eutrons ; r,d fcr x-rq-s. 

described else\.here in this account. 

This has been 

9 
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C;: Indfc&ecf that the nork xiis ctrrieit cut tt tl:e CXriton UcrLtor ies  ~ r ~ d  
c a  bo fourid in t h i t  list cf rc;.orts. 
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n i s t  sr3vereJ.y daii.apd by t h e  treat::.erit. 

cip,tearance of control enir-2.s bs 30 uays Iast tretiria!;t Ad~;.eO 

d q e  whs n d e d  in bone, csrtila,e, skeletkii r.uscle, per ipherd  nerve, 

All of theso returried t o  the 

.*.o 

2000200 
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J L. Effects cf icriociic T c t d  Surfcce Eeta 1rrt;aistim. 
Ljier, Henshi:. LIU dnider 

1 L. Ufects of EXtcmCl l r rku i t t ion  ; . i th bet:. h q s  CIA tte icrilhertil 
E ~ c G U  of IGLbits. El: P ! p r  - rid Dzrnes 

I .  

43 
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tissues o~l;.. 

2000204 



1v 
0 
0 
0 
r*3 

3 

in the ciifferer-t ~tlii..~ls. 

T!.o 0utst;nciir.C icLtures cf the jross res_ror.se to bctk  i r r L d L t i u i ,  in . 





2 0 0 0 2 0 1  





,.. aurvivws Tu:..crs ;; Survivors fa TUr:.cjr~ ,G survivors E.l Tuii~rs 

The ioc. tions .tf Lt ie  tu..c,rs c s l  be uiviued i r . t c /  t:,oso c,n t h e  e;.r iriiu tiiose 
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I '  . .  
specific s c t i v i t j  is fLtucd i n  t h e  L k j r o i G .  
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thttc:.j ts tG rw.ove t i s s i c r .  I r c a c t t ;  i.oc;iizcC; -r. Ecrio, iiLi.ilt.r. ti4 Cu- .-. 
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fLte cf c,u;r.titias cjS L i r t t r n c  

>- 
2 0 0 0 2  I1 

.-, 
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i.tve buxi f r ;  i L. t re,;te:: t c  the; r ci~ciur. .  t u r r r c v e r .  U i t L e  cf str.ntiu;; c.5 LLJ 
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dose t;;a becn reccvereci a d  L t  tk.e ecd. of t;.o ;.e&s, 6 5 , ~  of t h e  t c t d  &me. 

AjLrroy.ritte ;-liw;cr,ces fcr the r . .C iLzc t ive  ccc;j  \.ere 1-uc -. 
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Ultteu. 

@B reprt ctn be c,iven. 
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Twelve ani;r;ls v:ore used ;IA this series. 

'than 0.35;: ug/cm, t h e e  died 1:ithi.n 15 to 16 & i s  cf thc in jec t ion .  

Cf the  five arL-i.is rcceLvbC mre . .  

Excretion at the f i f t een  tic;; ;erioti vcricC frc;.. 6.93;; tc 24.53; 

in the  high dose atikals (0.m to 0.756 utyt/cn;) ai6 fr;& 6 . 3  t o  l i r . 9 ; ~  

o f '  the iow &se 2r-s. (C.075 uL/Lri). 

Listribution studies showed o coricentrsiicn (hi ug .i. cr L,rZn Of. 

-tissue) were hiEhest in t h e  splecn, l iver,  bcnq w.d 1yzph nod&;. 

amount i t 1  the l i ver  cqs 3kfd of the dose et tile i6 d q -  ;-eriod fcr the 

klus 4 nitr;te and 25.2,- for ..the ~ l u s  6 ci t rc te .  

at 234 dii3.s in one a n i m l  vas lO.9Z.  

in two .ani&?.ls exceeded the Lver ccrgentratior:. 

The 
. .  . 

"he l i ve r  value 

The ccx1centratA.ti-i ki the sFleen 

Lyq:h noies  :.ere 

re la t ive ly  hi& ..rr rlutoriium ccntcnt. 

and kidneys were quite low. 

The L cstro-iritestinal c m 6 1  

The femr corrth&ed as high as G.2'7,- of 

the dose at 15 aaj-s. The hitbest amcunts ir, the tissues (cxclucii~ig - 
bcne) were t.1 thc'se rich il- reticulo-eGdLthchak t issue,  

of cbsor: ti n fro;,. 

of irijection in three anir&ls, 

The u a n t  

:.trmuscul;r kijwtiori ShLt.ec: ocl; ib at the site 

. 
B uescription of the diaica1  f i .uinLs h,.plutoniur;; pcisoning is 

- 
.<3 Henatolo&xil, studios show thct i n  '&.cls recelviq. ai,h ,oses 

2 000248 
. 
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uith Ibar3g derrth, thtr total leucocy t c  icss thmi 5tU 

lm levels (0.075 Ui./LL) no effect on the  reri b1 . ccurrt *:;Ls ricted. 

Xn the acute dcstks the Llooci voluw imrecsed S t e r  the =lutw,- 

The red cel l  wluw uecrenseci at  the sa;..e ti. ..e. 
1 

i u n  F;OS tci.jn;etcred. 

A dilution (b; & increase in the plmra w i u i u ) E s e m c  to misit-n the 

blcsd V a h m e  at t h e  d i t h t l y  increaseci or norrLi level. 

s u N i V -  aevcrd mnths  the t o t d .  c e l l  ..LSS sccrssec thrtRhcLt life 

hi 8&4Td.t3 

i n  the blood orp1esr;a w l w s  was nated. 

low level a W s  showxi nc; chace in weight. 

\ PatholoLical findings shor;eC th&t befcre death hencrrhrt,:lc 1.henoeM 

extensive ecier..a (iaclu.,ir.C ascites 1, ora l  ulcerctioc zna like chmges 
.. $3 of rmi: tion : ~ = 1 ~ l i ; p  of severe r.tture w 1 . e  nctod. ik.aciakf.knuoccureb 



dje;rEle. 
.(I 

&ne tumrs k v e  occurred a. ir.ciAence cf GI tc ZSia of the 

u d i p .  One tu&.or has becn observed at a level cf 0.02 d~.. . 
Uver uiscaae st,cr;s its ;:& incidence r f  5.r; at tlie &ove 

in the 1uer.ct.y:d caiis. This ofteiA re-uits in the devdopwrt  

tre axial s;:eleton (vertetrte, p l v i o ,  jcx, acqlulae) in contrast to 

a&iiiis t r;t i on, 

npkst ic  ue;.ia is a c o m m  t e & i  rescit bf  ;lutcrLiun zdnistrtt ic i . .  

fibrosarca.as hare beer. ctserveu st tiie i r . j ec t iw.s i te  Liter 400 u&j.s. 

7 FF. The Lte Effects cf lnjected Plutorliuci on LOKS. 
Fainter, Usco, SvSft . 



7 ki,. The biolu:icbi &oeuret;cnt cf klutiniw;. U L - L ~ : ~  to the Livcr, 
By U r n s  

discussed u.ndcr several ti t h e .  

;:o fihpiolocical ar fu:.ction; 1 studies are co;.tefi,FL. t w i .  

coqounds on enzjLe s;stc::s is t;i..il&r t c  thz t  irs ;rcviou& acscribod 

for x-ridistior,, r,;c;ttl: LST, the s u l f h y d q l  system (SH t.roi p). The 

relative effect ):as been uetornined as L.. rcxiz:.teiq- l/lOth that 

observed with an eciuivciont trr;ount of x-rwictior.. That tkis is due 

pri tar i l j  t o  the dpha radiation is presuz~u inbszuch EE 

ap; rcxi;..zt,d; the 8u.e e;foct as uoea : luto .duc  

o i a i u c r  has 

The effect OL tissues is l ike . . i s e  n G t  .as rszrkeci. The chaigus 

(urwiuc.) in the tissue I . D ~ A . G I . ~ Y J : ~  &re :ict s iAhr t o  hezivj 

but to thbt cf x-racii&t,icn. All tissues excel-t bcrie w r e  aifebted. 

A general dcnaturstion cf rroteir, x i s  proiiuced K i t h  iiL LVJ exposure. 

2 0 0 0 2 5 1  . 
. * .  
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A. 

B. 

C. 

D. 

F. 

The Ltws c f  Survivd 

Eorrnl W e s  of Vslrii;ticn ir, Blood Counts of Vuious laborator; 

Sacher, Cctie 

Anisals. Jacobscc, Si;ch:cr, Sh::.rts 

Catalog of Fixed Tissues 
H a r r i s  

2000252 
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J C . The . icrLf luori-etric uetcrr.&iatioi.i oi' Urmiur, 
1 rice,  Ferrett i  a d  SchL;artz 

~ 

I/ L. The Effect uf Ur&niurr; Upcsure on Urke L(~Lak6e LxCrcLiOn 
h t z ,  Hvlt and SchZ;zrtz 

F. U r a n i ~ r . ~  Excretion Studies i t A  Hu:;ari Subjects 
Ferretti, Frice and Schi:artz 

J G. The Effect of L c t d  EiKf.oosure c;n the iwx&ion clf NatcraUJ Cccurring 
Fcrph;.rins. UJ : Schwa%%, ~ a p x i a  arid itatson 

2000253 
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A. The 'T&O~OPY tf Urmi Tanrmbaun; =&a Silverstme . 
This report deals with the  t d c o l o g , )  of ursn iu  c&.pw~~ds  foum'&! 

feeding or inject icn into nice. 

of the d c e ,  wekht chaiges, gr.os8 a id  ricmacoidc pabhologfc&l changee 

and mrtalitj. 

The criteria of toxicity itere; zppearaice 

The urtnium cbntent of the crgms End tissues vras aetercrineci. 

Gn 8ubcntanucus injection, u r a n b  cc~pcunds &re verj tox ic .  Depenaine; 

on the prticLiiar strain cf ii.ouse util ized in the eqeririant, a s h c l e  sub- 

cutaneous injection of 0.5 to 2 &. of uranium as t h e  dtrbte,  Froduceu a 

ksrta l i ty  in s a e  m&era of a group; 4 q. via8 l e tha l  t u  a l l  rice. Strain 

i s  a nodifying factor in toxicitr while ace a d  sex ~ 1 ~ 3 -  less i q o r t i m t  roles. 

Iq jac t iona  of the above-mritioried amamts of u r d -  produced a.n acute 

h t d c a t i w ;  the m 8 t  constast and s t r ik ing  pathclo@ccl ch&ntem;cs an acute 

necrotizing riey horsis . 
(fCirst two weeks); othemise the Lice  recovered more or less cczqletcljr. 

'lhe deaths occurred durirAg the acute  bitoxic;.lim 

The 

main sites of uranium e c ~ l z t i c n  are the kidneys 2nd bme. UissppecrarAce 

these orpis  is a slow 1:rocess. U r d u =  is excreted i n  the urine ana 

feces 

I n  the hgestion experhients the uranfum cmpound TICS incorport;teb i n t o  

the diet. bai ls  dosages of 10 q. cf urzniuni a s  the  n;trate prouuced relztive- 

13 low toxicity and no mc.rt;lit$, while dosa,ps of 80 rig. of uraniw d d l y  %;ere 

t d c  and lethal. I t  is clear that tie rehtivel; 101.. t d c i t j  of uranium 

compounds in ingestion (coqared Bith injection) i s  due to the low rate of 

absorption of these ccmpourids fmrr the gastrointestinal traut. The mture 

and duration of the intoxicatiofi, the Eross md iAcroscol;ic pethclo&al 

, 

changes a d  the riictributicn cf u r d u  i f i  the tissues were all similar t o  

that fcund -fn the injectirnn studies. Uranium accunivLatos slowly in the ickineys 

and bone, and disapprrs sluwl~: aiter the  removal of uranium f m n  the diet. 
6 3 -  
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1 
m y  be &raped w i t h  re&ira t o  t h e i r  t o x i c i t j  ori iu&;estion 

U%, U3G.5, UF4 are non t d c  

W3 is toxic ir. high closes 

U C h  is non-toxic I n  mcierite cicses; taxic  i r r  hich doses 

L'b (N03)2, uo4, Na2~207 are toxic in r;loderat,e doses 

Q F 2  is toxic m n  a t  relatively low c b ~ q e s .  

I n  considering the toxicology of uranium c c ~ ~ o u n d s  it is necessary t o  

clear13 distir:cuish ketxcen the e x p u r e  t o  uraniu, t h e  presence of uraduci 

in the tissues, snd uraniur t a x i c i t j .  

of uranium in the tiissues and the s k t e  of ;ritcxic&ticri ;t 2 n j  cne tiae is 

The lack of r ek t i cnsh ip  of the asount 

discussea. 

from the 8ubsec:uent ccurse. 

It i s  suft;estea that the ;cute i n t e c a t i c n  Le considered &part 

The sigriificance of the anions of t h e  ingested 

compmd i s  ciiscussed. 

problem of fluoririe t ox ic i t j  thsn uraniuz toxicity, 

For exmi-ie, i t  is jrobatle tht uD2k';z is LOW a 

The course of chronic 

uraniurz poisoning i S  still t c  be recquized  arid uescribed. 

B. The DistFibutiou of Urdud32  i n  the  Tissues of Uce Followir,~. Injection 
of Uranid32 plus 6 nitrate. By: Tzrlrlenbeua et al 

The uis t r ibu t ion  of uriulidj2 i n  the tissues of d c e  following a 

single in t ramacular  in jec t ivn  cf t h e  caqounri was detcrmified. Lice 

injected v i t h  1.5 dcrogr&iis of the coy80und were siicrif'iced fo r  

analysis in two weeks; mice injecteci wi th  4*5 itlicro_;rews, in fcar w & s .  

Approxir:.ately 9 0 ~  of the mterial was excreted. Bone was t h e  krincipal 

site of accumulation containing qpprdiate ly  7G of the rctaineci amounts. 

Kidney was next. in ir4ortme. 

organs a lesser arraount. 

The liver contained Irb a d  the other 

me distribution of uraniwi?% is sil;ilw t o  

t ha t  of ~raniUr&23~. Both accumulate ir, &ne u d  kidneys, DIW both are 

excreted t o  a relatLvely hi th  dogrce i:.meGiately after injecticjn. 



The dis t r ibut ion ce are as follows: the 

..> 

percerhage of the dose retained i n  t h e  aniLals varied froi., 9.5 t o  11.u 

of t h e  dose; bone contained 66 t o  76.3*; lcidney ContEiirled 3.b t o  i5.2; 

l iver ccuitained 0.6 t o  1.6%; the inject ion s i t e  in three a r k h l s  varied 

fror.10.7 t o  16.6%; the rest of the crcans contained 0.5 t o  0.6% of dose. 

Ccr:.parison .r.ith exporkents c;r, the f e s d n g  and injectic:. of ~ r d d 3 ~  

Anirds receivlng this cuzpaund fo r  76 weeks &a I.% of the is givesr. 

d ie t  ( d t r t t e )  8hor;'ed 7& deposited in bone, 286 inkidney and 0.5;; in 

liver. 

daj period 668 i n  bone, 33% in kidney .md l$ i n  l i v e r .  

Animls injected wi th  2 q. cf urhnium nitrkte showed et  the  41 

C . The Ucrof luorb i i t r ic  Detercdnztion of Uraniun. By : u, Fer re t t i  
and Scbartz 

The mthod described for the quantitative deter;inztion of uranium . 

is sensi t ive to 0.0001 iricrobra;.s. As such, it $s the  IiOSt sensit ive 

wethod f o r  urt;&u. andysis  with khich t h e  authors are faniliar. This 

sens i t iv i ty  and accurscy.have been m a e  possible b3- the develcpmfit of 

a special florophutaneter. The advtritage of t h i s  i r i s t m e n t  is that 

s m a l l  samples cm be analgzed and it is ra re ly  necessary t o  resort t o  

preliminzry p r i f i c a t i o n .  

D. Uranium Ijistribution I n  Tissues cf Experkerkd  -ids. 
by above authors. 

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

chief in t e re s t  is i n  the  central  nervous system uraniurn in chronic studies. 

E. The Ufect of Ur&m Jhposure on Urine Catalase Bccretion. 
Katz. Holt arrf Schmrtz. 

Thrcugh rabbits injected B i t k  kiuney-dasiiaeirg cioses Gf urzniuci excrete 

increased awunts  of catalase i n  the urine, no d f fe rence  was found in 

catalase ac t iv i ty  i r ;  exposed and non-exposed prcject prsorlnel.  
+3 
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i 

Uranim kcret ion Studi ts. By: Ferr i t t i ,  Price 
a d  Scht'Jortz. 

Uriw; uraniurL excretion has been studied in prscnriel f r u  v d . o u s  

projects. 

)relatively tieav3 cqcsure gave an average of 75 rlLicrqrwir;;s/litcr e,.cretion; 

mderate exposure, 46 & cropms/iiter; and lii ht ex~osure, an average 

OX 16 i:icrocrars yer l i t e r .  

Urwiuu oxcretiorr ;greed q u i t s  v J e i l  with urculiwa expsurt: .  

Incidental exposurc gzve less t h z  5 d c r o , p u j  

Per 

G. 

I,er 

l iter . 

a. Lead Thirteen rabbits werc adnistered up t o  45 ng. of leau acetate 

kg b o a  #ei&t. In all the to ta l  copoi.ori:hyrh excretion roae from 

an average of 1 h 1 5  a i c r o p w s  per da2 t o  atmt  200-600 f.ikroLraas per day. 

Values returned t o  norual only after several nee;,s to severd. nioriths. 

The increased copro=porl:h,@;.n excretion was found t o  be spec i f i c s l l j  due to 

the copro 111 iaoner. 

Red cell protoporphyrin also rose from control Vdues of at ,OUt  70 

t o  over 200 iicrcerams per 100 CC. of  cells. 

There was no apprecicble effect on the rPei;ht curve during this leriod. 

b. JJraniux, Several dozer. riltiits a d  m e  dog have bean injected v.ith 

0.05 to 5 e. of ura&i;m nitrate per KE b&g weight. 

precipitous drop i n  t o t a l  urine coproporphyrin excretioil which i.sra3lels the 

Mdney W g e  as reflected in the decline in urine specific gravity. 

doses cause a slow increase of tot& coproporphyrin t o  203 times the control 

Large doses cmse a 

&all 

vdues. 

type IXL iaomer, but further stud) is  desirable. 

PrelinLnar; studies indicated th&t  t h i s  increase 9ms due to the 

e .  Corhined Leari ard Uraniwn 
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urine copro excretion, 

the thorium produces a second 1:roncunced Pncrekee in $he -urine c o p 0  excre- 

tion. This I s  cofipletel;; W k e  uranium. It should Im-WinteQ oat, 

however, that urine specific k-avity is nclt dkrLnishsci bj thorium, so 

that the tr,echdem of i t s  act ion  5s quite certainly different iron G h i 2 t .  

of ur&th.un, 

the iead which $n turn produces the p d u c e e  the pprphyrinuritr. 

If legd is given first wid fillawed by thorium 

The p o s d b i l i t J  i s  kieing investigeted that . thor im ~iibblliltes 

e. hmllfum i n  doses of 2+';g/K~ has l i t t le  effect ori urine copro 

In niost rctbits, kviover, it has a profound affect OR liver .exeretion. 

functian, as in&C&ted by a mrked,increase Fn urine urobilinogen excretion. 

f .  bnthanua; i n  single or multiple doses of 20 xi&Q ~ f '  si@e dosea 

o f  30 &Kg ha8 l i t t l e  effect on the wine copro accretion, 

e. Ar8enic h doses of 4.5 - 2.0 ng/Kg produces a, marked prorript rise i n  

urine copm exczetiori t o  vdues of 90 nimgmns per dzy or nore. Vaues 

return t o  normal within a few aays , 
. I  

b. Effect-of Bal BAL is quite tox ic  a8 indic;ited by the inckeased urine 

arobilinogen and urine coproporphyrin excretion f oUmink; Bdsinistr6tibn 

of therapeutic uoses of 6-20 mg/iCg (in peanut oil). Asdministeresi before, 

siJdtianeous w i t h  or after the admirristration of Itetals, it scorned to have 

no effeCt on their porphyrinapethic action. 
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By: Schvtertz. Glickzan. Hunter and 3ellace. 

Tho dog8 developed a severe meniia fo l iwing the ti;miriistrsticii cf 

in the follw:ine several. days. These were followed by increased retic- 

ulocytosis to aver 50;. A t  the sane t k e  both wine and , ecd  copro- 

porphyrin excretion increased 200 to 300 percent. T h i s  increase was 

sham t o  be due t o  the type I ieomr. The type 111 iao;.:er ria8 Liot affected. 

This i a  i n  contrwl;etinction t o  lead ax;':csure where Ltie accretion of the 

type  I11 isomr is increased. 

Two rabbit8 shiltirl~ treated v i t h  phenylwdrazlne shmed questionable 
-, 

effects upon porphyrin excretion. Studies &re &ill in &~rogress. 

The Effect of WruriUm on Enzyms SySteria. Protein and Tissue hetabciiss 
Bsrron e t  sl. 

Uranium when absorbed irito t h e  boq- cwilr~es wi th  protein inaa 

reversible state. The ccxkinaticn huu been demnstrated to be h i th  

the albwnin rilthcr ti.= the globulin fraction (plutonium). Urvliun 

combines also with 408iUm bicarbmete also in a reversible state. lts 

af f in i ty  for the bicarbonate frection is greatest in the ;lus 6 state; 

the affinity for the Frotein fraction i s  EreLtest ir, the plus 4 state. 

Uranium likewise inhibits e n z p  systems in B reversible n~?ture. 

Enzyma when inactivated bj the aduition of u r d u m  are reactivatea whes 

the =tal is removed by the acidition of either ci t r ic  acid or Sodiu~ 

bicarbonate. 

htenaive studies on the diffusability,  f i l t ra t ion  etc .  of uranium 

compounds have been carried out. The effects  of uranium on specific 

enzyme sxstems have been deteruiried. 
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The problems of t h e  research -- pro n i t i a t e d  or ig ina l ly  umer 
t h e  auspices of the 0. S. R. D. ,  15 October 1942, and l a t e r  hcorpcr -  
ated i n t o  t h e  franework of t h e  kbqhattan G i s t r i c t  Project,  was t o  
first evaluate the possible hazerds s r i s i n g  fron radioactive materials 
produced by uraniwti f i s s i o n  and, second, t o  explore the possible Liethods 
O f  treztment of individuzls who night becorne infected with dangerbus 
amounts of these substances. The firs't, and nizjor phGse of the  re- 
search e f f o r t  wzs devoted t o  a f a i r l y  exhaustive survey of the metab- 
olism i n  rats of the  more abundact long-lived f i s s i o a  products, thorium, 
protoactinium, neptunium, and plutonium. P r r a l l e l  to  this conipueble, 
though less exhaustive, e x p e r h e n t s  were done t o  inves t iga te  the  m e t -  
abolism of the majority of these substsnces i n  ~lants and t h e i r  depos- 
i t i o n  i n  various types of s o i l s ,  
program was concerned with possible therapeutic rnethods f o r  t r e a t i n g  
individuals  poisonei by these agents and devoted i t s e l f  i n  ccnsiaerbble 
d e t a i l  t o  t h e  exploration of d i - fe ren t  procedures t h c t  possibly rnight 
prove of therepeu.tic value f o r  the therk.py of individuzls  ir.f ected 1:ith 
those of t h e  long-lived f i s s i o n  products and plutoniui,i, which a r e  se lec t -  
i v e l y  accumulated i n  thk skeleton. ' 

The second aspect of the  genere1 

The wrk under the general  metabolic program included t h e  
study of t h e  assimilation, d i s t r i b u t i o n ,  rotcnt ion,  and e l i r x k - t i o n  
of the carr ier-free radioact ive isotopes of strontium, yttrium, zirconium, 
cohrribium, ruthenium, telluriunl, iodine, xenon, cesiun, bar iWr; ,  lanth- 
anum, cerium, praseodymium, thoriur;,, p r o t o a c t i n i u ,  neptuniun, pluton- 
iurd ,  and americiw, using rats E,S t h e  experiizental aiiimals. X t h  the  
exception of thorium and mericiuc.!, these m . t e r i a l s  hm-6 administered 
by the  t h r e e  chief pDrtLLs of entry i n t o  t h e  body, namel.y, o r a l  psrent- 
e r a l ,  and intrzpulmonmy. These t r e c e r  s tudies ,  i n  nosi instances,  
extended mer periods of thnc up t o  and including sixty four  days. 
t h e  case of plutoniur.1, the  s tud ies  were f o r  i n t e r v a l s  r a g i n g  up t o  
ahnost one yea?. 
i t i o n  of these  various radio-clcixnts i n  t h c  twelve t o  f i f t e e n  most 
important orgens, a very de ta i led  s e r i e s  of rzdiomtogrcphic s tud ies  
was completed with t h s  two urgcns whcre deposit ion md r c t o d i o n  was 
of grea tes t  importance, nme ly  skeleton and lung .  
anhial  experinents, a vi.1.y extcnsivc study vdth Ii1utoriii.m 238 was 

I n  

In addition t o  t h e  clircct deter idnet ion of t h e  depos- 

In addition t o  t h e  

i .. 
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undzrtrtken enployin& c?. r e l a t i v e l y  nori-ml human subjcct frorr, whom sev- 
crzl  highly inportant  t i s s u c  smplcs were secured i n c l u d x g  tone. I n  
t h i s  p a r t i c u l a r  instance, a cor;;plote cxcrgtory record wcis obtained 
f o r  a h o s t  one yccr. The results of a l l  of these t r e c s r  mct&olic 
s t u d i e s  m y  bc swimarized i n  the  folloi.iing i r d n m r  f o r  thosc: radio- 
elcfients l i s t e d  i n  t h e  footnote,” The c lka l inc  cLrths, rare earths, 
z i r  conim, c olUrabiu,i, t h  or iua,  p r  ot  OZctinilxi, noptuniurn, p lu t  oniurn, 
and Lil,,crici!u, when introduccd i n t o  thc- body w r e  deposited pr i fxir i ly  
i n  t h c  skcleton and the cvcregc: degrcc of r i t c n t i o n  of / the  absorbcd 
radio-clcnent, rcgr rd lass  of t h e  route  of administretion, ran&d f ror.. 
25% t o  75‘. of the  mount i n i t i a l l y  absorbed,. The frGction of these  
fidio-clcments rctainod by t h b  s k d c t o n  i s  e l i d n a t c d  ct  r a t e s  which 
a r c  l e s s  than t h e i r  r z t c s  of radio-active. dccay with t h e  cxc:; t i o n  
of tho 340 day ccriun, possibly tha 30 yoar strontium 90, P d 9 ,  m d  
kn2U, The r e m i n i n g  f i v e  long-live3 fission products, rutheniun, 
t c l l u r i u r ,  icjdine, xenon, and cgsium do not show any s i g n i f i c a n t  dcgrcc 
of loca l ize t ion  i n  the skelctor.. I n  addition, thark i s  no very s t r i k i n g  
deposit ion i n  my of t h c  othcr tissues t d t h  the cxcsption cf t h c  acculnu- 
k t i o n  of icidino i n  t h e  thyroid.  The ratcs of e l i s i n a t i o n  f o r  a l l  
of thcse f i v c  radio-clmcnts arc much g r e s t c r  than t h e i r  r a t c s  of 
rzdioactivc dQczy, h i t h  the exception of radio-iodine (1131) accumu- 
l a t c d  i n  t h c  thyroid,  
l a t e d  iodinc i n  t h e  thyroid i s  rmny t h c s  slowcr t h a i  i t s  r a t z  of 
rx i ioec t ivc  dccay. 
group w-hich are zbsorbed by way of t h c  clig:1;stive t r r c t  t o  a signifi- 
cant dcgrcc indude strontiurr., k=zTiuI;L, .tellurium, icdiric, md cesium. 
Thc oLher membcrs, notably yttrium zircGniur;l, Colu ik iU.~~ ruthcniurs, 
lanthmw.1, ccriu.i, 2nd. prascodyrdu t;ra nct  Ebsorbed Sv- ’ ~ & y  of t h c  
d igcs t ivc  t r a c t  t o  eng s i r n i f i c v l t  dcgrct;, l i k  i g i b l s  ora l  
absorption was nctcd f o r  Th, Pa, Rp, Fu, m a  hi. h high dqsi;r: of 
. rc tcnt ion by t h c  lungs has bccn cbscrved f o r  yttrium, zirccniufi, 
colwlllsiu, ruthclliwii, l m t h z . n u ,  cerium, a d  praScodyPLui1 which f r c -  
qucntly zpproachcs a-di i n  socc Circuwtmces,  c x c u d s  thc radioectivc 
retcs of dsccy of thcsc  subs taccu .  Thc pul-Aocerg rctcnticln obsdrval 
w i t h  stror,tiui=i, bariuc,  t e l l u r i c i ,  iodinc, =ti c-siuc., i s  nez l ig ib lc  
undcr the conditions of t h c  c x p z L x , d .  
s u m m i z e d  abovL wcs t h e t  q u a l i t a t i v c  cstS.iat:;s wr,: pussiblc i:i t h c  
cvcLluation of t h c  r:lzt.tivc dcgrcLs of hazard t o  l-.czlth f o r  thos:: in-  
dividuals  who s i g h t  COLC i n  contact with t h e  ngcnts i i s t c d  above. 
Pulinonary rc;tention was 2.1~0 high w i t h  Pt;, Np, 2nd Fu. 

”) 

I n  t h i s  pzr t icu lar  casc, t h e  reloasc of accumu- 

Thc: nicmbcrs of thc long-livcd fission products 

. 3 

Tho v~I ;zc  cf thc  @:icPd d a t r  

A largL shzrc cf thc  t o t a l  o f for t  cxpzndcd bj- tho group wokklng 
on t r z c c r  arid mtaboiAc s tudics  wzs dcvoted t o  an cvzducltibn of thc: 
bcncvior of p l u t c r r i u  i n  mimsls End ir. rr,an. Thc r c s u l t s  of th;si 
s t u d i i s ,  which wcri f:r uor- cxhaustivl= than thc: a t t e n t i o n  dcvGtd. 
t o  any onc of thc; f i s s i o n  products end thc othcr heavg d a x n t s ,  re- 
vcalcd t h e  following i m p o r t a t  :,o: n t s .  Thc ebsorption of plutonium -. 

f 
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f r o n  t h e  d i g e s t i v e  t r t c t  i n  r i t s  i s  of t h e  order  of .OO7% of t h c  O r a l -  
ly a d m n i s t e r e d  LOSC, which i s  n c g l i g i b l c .  Thc ch ief  orga: of BCcunu- 
l a t i o n  of plutonium absorbed i n t o  t h e  blood s t r c m  i s  t h e  s k d c t o n .  
The rat: of r c l c a s c  of p lu toniuu  accumulated by t h e  ske le ton  i n  rats 
i s  extremely slow; thc: estirrtcted h e l f - t i r x  of t hc  e x c r c t i o n  has been 
eva lua ted  t o  be g r e a t e r  t h a i  two yccrs .  
i nE t ion  w s s  far lcss, givint ,  a lowLr l i m i t  f o r  thi. h z l f - t u e  r a t e  of 
e x c r e t i o n  frori, t h e  skc le ton  of 59 yenrs.  ;=;Orcovor, t h c .  cd$Gauto;rnpkic 
s t u d i e s  revea led  t h a t  plutonium i s  depos i tcd  p r i ~ x a r i l y  i n  t h e  r z g b l  
of t h e  endos tea l  layer of t h c  c o r t i c a l  and cancc l lous  bone. Presumably, 
this rna tcr ia l  i s  accumulated w i t h i n  t h e  os t eo id  matrix. 
l i t t l e  plutonium apparent ly  c n t c r s  t h e  mincral p o r t i c n  of t h e  bone both 
i n  rets and i n  man. 
a t ion ,  t h e  v c r y  high t o x i c i t y  of plutonium s i n c c  a l a rge  propor t ion  
ci t k z  a lpha  rays c a n  c n t c r  t h e  r cd io - scns i t i vc  bone narrow. An LX- 
t c n s i v c  series of i n h z l z t i o n  s t u d i e s  wcrc don2 d tp loying  ae roso l s  of 
PuO2, produced by burning c n l o r i d c s  a d  n i t r a t c s  cf p l u t o n i m  and t h e  
met&. These s t u d i c s  r c v c d c d  t h a t  of t h c  o rdc r  of 10% of t h c  i n h a l c d  
m a t e r i a l  i n  ra ts  i s  'dcposi tcd w i t h i n  t h e  a l v e o l i  xhcrc i t s  rate of re- 
l e a s e  was of t h e  order  of a f r a c t i o n  of 1% pcr  day of t h c  r c t a i n o d  
amount. Comparable r c s u l t s  wcr. obt2incd fror;, s t u d i c s  of t h e  inhz l -  
a t i o n  of f i n c  a e r o s o l s  of soluble compounds of plutonium viith t h e  ob- 
s e r v c t i o n  t h a t  a s i g n i f i c w t  f i':.cticn WLS cbsorb2d through t h c  lungs 
and depos i ted  i n  t h c  ske le ton ,  ;:iliIc i n  t h c  cesc  of thc: oxidc simkis, 
n c g l i g i b l c  absorp t ion  through t h c  lungs occurred. 

- 

i n  t h e  h m a n  study, t h e  clirJi- 

R c k t i v d y  

This i n t s r c s t i n g  behavior expla ins ,  i n  our cstirn- 

I 

R survcy of t h c  depos i t i on  cf f i s s i o n  products  and p lu ton inn  
i n  p l a n t s  a d  s o i l s ,  rcvca lcd  t h a t  a l l  of t h c s c  rzt,io-clz;ii:nts t m d c d  
.to bc imrnobilizcd by s o i l  c o l l o i d s  t o  a v;ry ,Ugh dcgrcc.  
i n  w c h  i r i f t c t cd  s o i l s  demonstrated m e x t r m e l y  high s d c c t i v c  accuin- 
u l a t i o n  of t h c s c  n&.tr;.rials i c  t h s  roots. 
only aAnutc q u a n t i t i e s  appccr i n  t l i L  sta.s end lccvcs. 
t h c  work, of coursc, i n d i c z t e s  t h z t  t h c  rLlccsc of f i s s i o n  productr  o r  
plutoniuc,  i n t o  t h c  e g r i c u l t u r d  e;'c2s w i l l  probGbly bc, z t tcndcd  by t, 

vcry  s e r i o u s  problcn  c f  considcr?-bL durc ticr,. 

P l a n t s  grown 3 
With t h i  cxccpt ion of s t r o n t i w ,  

This  ph zc of 

The second phzsc of t h c  p r o j c c t  c t  Bcrkclcy ci-icoiapassed thc  de- 
contar.,ination of s!.:clctal- d c p o s i t s  of f i s s i o n z b l c  r x t c r i c l s .  Up t o  t h e  
proscnt ,  cxper2i;cnts h e v ~  bzcn ccnf lncd  t c  plutcniur.1, and t o  t h c  raciio- 
active i s o t c p e s  of s t ront iu . , ,  ,yttrim, ana c c r i m  which zrc producdd by 
n u c l c m  f i s s i o n .  

Tnc behavior  of t h e w  clcrnants wi?s cor;;prrcd undm cond; t '  i ~ n s  
prcfoundly a f f e c t i n g  bcnc nctcbc1isr.i. GrovAng rcts f c d  2 ciiet lovf ir ,  
c a l c i u a  absorbed over 25 t i rLcs 2.s m c h  Sr5: from thc  gut  cs d id  a d d t s  
r c c c i v i n g  adcquetc calcium. 
t c n t i o n  of i n j c c t c d  Srs+ bctwccn t h e  two grocps, but nc  apprL:isblc 
e f f e c t  on Y+(, Cc" > o r  Pu+'. 

Thcr, wes a four-fold d i f f c r c n c o  i n  rc- 

Scvcrc phosphate dc f i c i cncg  was produccd i n  rets wi th  a syn- 
t h e t i c  d i c t  contz in ing  weshcd blood f i b r i n ,  o r  bj adding duidnur;; 
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hydroxide t o  c2 nc;rm,l L i c t  t o  p r c c i p i t a t c  t h c  d i c t c r y  phosphzti. and 
prdvcnt i t s  sbso rp t i cn .  
cf hon.2, and rcduccd t h e  r i t c n t i o n  of Sr3t thrc;  c r  f o u r  f o l d ,  blit had 
no apprcc izb l i  c f f a c t  on t h c  r d t c n t i o n  of F, Cc%, o r  F u ~ ~ ,  I n  ad- 
vanccd st;?g:Cs, lczgc Lrc2s cf  thc: bcnc c o n s i s t c d  of o r g m i c  r-ztr i r ,  
f r o ,  frcra bone s d t s .  Rzdio, u t o ~ - a p h s  of undccz lc i f iud  b o m s  froiii such 
a n i r L l s  showcc; t h c t  S r +  wcs dcpositLd cxc lus ivc ly  i n  th:: rcr.aining rdn- 
crE1 bonc salts of t h c  s h a f t ,  whilc Y*, Zr+, Cc+, m.2, h - ; ' ? v u r -  dcposi.tcd 
i n  t h c  u n c a l c i f i c d  or,cnic EiLtriE:. Thosc cxpericicnts i n d i c a t c  t h  t Srfi 
f e l lows  t h c  path cf crJciur:l mtdxdisrn 2nd i s  tlr,pc.sitcd i.il t h c  s i n c r a l  
of bonc, whilc  t h c  slt.t?.bolisn ~i t h c  o thcr  cl,r.n:~t,z appc:.rs t c  be 
u n r u l s t c d  to!that of cc,lciu,,r, and th2y arc dcposi tcd ir. t h c  o r i ;mic  
r i t r ix  of bonc. Evcn i n  t h c  f o m i n g  bonc of t hcz l ing  f l -ccturc ,  Pu-;~ 
a d  Ft wirc dcpos i tcd  i n  t h c  c a l l u s  scvc rz l  days bzforc t h -  o m c t  of 
c c l c i f i c a t i o n  a i d  t h e  depos i t i on  of Sri?. 

Thc dcf ic icncy  prc;duccd scvcrc d i c d c i f i c c t i o n  

Thc clii.,inaticn G f  Sr-;$, YSC, C d F ,  a-d Pu?~  b j  rats WES f o l l w c d  
f o r  s cvc ra l  i..onths t c  dLtcn,iinc thc\ c f f c c t  G f  prolongcd t r c c t z n t  with 
pirathornonc,  e r m n i u n  chlorid; ,  c i t r r . t c ,  cr  o thc r  a g a i t s  uscd i n  
t r c a t i n &  chronic  l a d  2nd rediur,l po i sming .  
v~is ObscrvLd, cxccpt  f o r  a sj..iLl inc rcasc  i n  thL exc rc t ion  cf Sr+k. 
This  docs not  h d d  out  much hoI;c. f o r  dccontanlin:d,ion hy such methods. 

p l u t o n i c n  d c p o s i t s  i n  t h e  skc lc t cn  by cvLrky,r inE t h e n  wi th  n-w r i m -  
r a d i c l a C t i V C  bcnc. 
narrow 2nd bonc fror.: t h c  s h c r t  rent, ;Iphr_ p m t i c l c s .  
of d c c a l c i f i c a t i o n  fcllowucl Fy 
m d  rcdicautoyrsphs  of  t h r  boncs shcwcd. t h c t  ovurl:yurinC cctuz. l ly  d id  
t a k c  placl-.. 

No s i g n i f i c m t  c f f  

k proccdurc; wc's sucgcstc.,: f c r  rcducing t h c  t c x i c i t y  of t h c  

This  would s h i c l d  t h c  s c n s i t i v c  c u l l s  of th: bonc 
Vrr ious iilCcns 

bonc for;:,Ltion wcrc u lvcs t i@cd,  J 
Expcr i rxnts  6 c r c  also c c r r i d  cu t  on ve r ious  p h a s s  of bonc 

nc tzbc l i sn ,  i nc lud ing  r i c l r c t s  cnC; scurvy, and on t h c  f. ct,urz ~nvcl-vcd 
i n  t h c  ncw bonc f crcizticn Essociatcd with f r t c t u r c  hb:ling. 

Thc wcrk p lmncd  f m  t h c  cor.iing f i s c r l  yc;r ir icludcs t h L  f'ollow- 
i n g  i s i jo r  item, 
s t u d i c s  wi th  rz t s  us in€ ,  t h c  uorc ir.ipcrte:it lorl,-llivcd f i s s i c n  products .  
k n y  of t h e  c a r l i c r  i n h c l a t i o n  s t u d i c s  wi th  f i ss ic jn  products  wcr, un- 
s a t i s f e c t o r y  clu2 tc;  th;; unavci i lab i l i ty  a t  th2.t t i n c  of what wc ncn 
cc ;ns idx  s l . i t .dAc t i c h n i c d  nothods.  
c ludc  t h c  i n h a a t i c n  cf cx idcs  es w c l l  as s c l u b l c  ccr,qmunds of r s d o -  
clzmcnts such ;,E y t t r i u r ~ ,  z i rconiuz ,  m d  coltll;;biui.., ruthi;niuz,  c w i u x ,  
end praseodymiulx. 
f i s s i o n  products  group which show a h igh  dcgrzi: cf r c t c n t i o n  i n  pul- 
nonery t i s s u c s .  I n  eddi t ic i l  t o  t h c  alliqal s t u d i c s ,  which Ere i n  t h m -  
s c l v c s  r c l a t i v c l y  s t m i g h t  f k r m r d  a d  b r i c f ,  i t  i s  plc7..nncd t c  under- 
take i n h d e t i o n  s tud ics  wi th  t h s s c  cgcnts  usinc, normcl humn sub jec t s .  
A vzry  sa t i s f : , c tc ry  tcchniquc which hca s l r c a a y  dc.cGnstretcd i t s  c f f i x t -  
i v m c s s  has b L x  dC.vclopLd c".rlcl sub;jLctc:d t o  t r i E l  by onc of t h c  mci:bcrs 

F i r s t ,  wc p1a-1 t c  p:.rfcri;, Liar;: xicquat r  i n h a l z t i m  

The p ro jzc t cd  c x p e r k x n t s  in-  

Thssc r ep rcscn t  t h c  c,d;:b:;rs cf thL lcng-l ivcd 
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of t h e  Berk t lcy  group. 
t h e  sho r t e r - l i vcd  i s o t o p c s  and undcr such ccndi t ions ,  t h c  cxpmirncnts 
can bc donc without  r i s k  t o  t h c  sub jcc t s .  
i n  rz ts  a r e  planned c q l u y i n g  c a r r i c r - f r c c  r&diozc t ivo  isotopes of t h c  
fo l lowing  agents ;  notably,  gallum, germenium, a r sen ic ,  s c l c n i m ,  
rubidiurri, molybdenum, c l m i n t  43, rhodium, palactiurn, s i l v c r ,  cadmium, 
indium, t i n ,  antilnony, ncodyniwu, c l cncn t  61, smariw, ::id europium. 
A s  many of t h e s e  d i f f i r c n t  clcrncnts w i l l  bc  s tud idd  E.S tiix pLrmits. 
Thi rd ly ,  t r a c c r  s t u d i c s  w i l l  bc in1ti.c t c d  cmplcying rEdiu i ,  x t in iu r I i ,  
u ran iu i ,  anericiui!,, and k u r i u f i  i n  d ~ i a l s  a d  h u m s  using c l i n i c d  
m t c r i a l  a v x i l a b l c  f r a  t h L  I k d i c a l  Schocl. I n  add i t ion ,  trmw 
s t u d i e s  cmploying t h e  rriost i.q:ortant cf t h c  long-l ivcd f i s s i o n  products  
i n  such hunian s u b j e c t s  w i l l  bz attcmptcd i f  t i n e  i s  s u f f i c i c n t .  
t r a c e r  s t u d i c s  arc planncd wi th  such c l u c n t s  which &though n c t  nat-  
u r a l l y  re*.lioactiv:, cun bc rrade so by cxpcsurc t o  i r r a d i r t i o n  b y ' s  
cha in  r c a c t i n g  p i l c .  
notably,  chromium, irm, n i c k c l ,  Ltc. 
u s ing  a radioactive i s o t o p c  of bcryl l ium, ( B c ~ ) ,  i n  ordLr t o  s tudy  
t h c .  mctabolism of t h i s  s u b s t a c c ,  which i s  uos t  c c r t d n l y  warrantcd 
i n  v i iw cf t h c  ominous t o x i c  cha rac t t c r i s t i c s  of t h .  c l c r x n t  which i s  
apparent  i n  i r l dus t r i c s  whcrc: this s u b s t a c c  i s  cncountcrcd i n  lcrgc 
anaunt s . 

Hcre, of coursc,  it w i l l  bc noccsscry t o  usi' 

Scconuly, t r a c c r  s t u d i c s  

Fourth,  

Thcsc inc ludc  p o s s i b l c  r.atcrials of cons t ruc t ion ;  
F i f t h ,  t r a c c r  s t u d c s  2rc p lmncd  

Undcr t h c  decontamination p m t  of t h c  progrx-- during t h c  ccji3ing 
yerr, it i s  proposcd t o  cxti;nd t h c s c  invcs t igz . t i cns  t o  inc ludc  U r e n i U K i ,  
t ho r iun ,  nctiniur'i, protozct iniur i ,  radium, 2nd c l c m n t s  95 a d  96. 
kictzbolic s t u d i c s  of t h c  c f f c c t  of q c ,  d i c t s r y  c c l c i m ,  a d  phosphatc 
dc f i c i cncy  w i l l  i n d i c r t e  whcthcr c,r no t  t h e  c l cacn t  i n  qucs t ion  f e l lows  
t h e  pa th  of calcium mctabolisn.  Rcd ioa tog rephs  of bones froin i n j c c t -  
cd phosphate d c f i c i c n t  rats will show whcthcr t hc  s i t c  of dcpcjsit icn 
i s  cxc lus ivc ly  i n  thi. nlincrczl b o x  s;llt, o r  i n  t h i  c.rganic r x t r i x . ,  

Agents v;hich d g h t  l nc rczsc  t h c  ~ X i x h x - t i o n  of t h c  c l m c n t s  
undor cons idc re t ion  will bc irlvzstig&tcd. 
f o r i n ; ;  s c l u b l c  ~o: .~plcxcs with t h c  i x L t i L s ,  &.L m d  non-toxic mLtcls 
(such as Z r  a d  Hf) which rL&t  c o ~ p c t i t i v , l y  r d u c c  t h i  dcpos i t i cn  
i n  bonc. 

ThLsc r h l l  inc ludv  co,,.pcunds 

Thc cxpcrir2cnt.s on ovc r l ayc r ine  of plutoniur;; d e p o s i t s  by ncw 
bcne w i l l  bc ixtcnclcd t o  o t h c r  clcmcrits which c n i t  e lpha  p x t i c l c s .  
Tox ic i ty  c x p z r i r x n t s  vi11 bc  c a r r i c d  c u t  cn s,.lzll n a m ~ l s  t G  d + t u m i n c  
t h i  c f f  e c t  cf ov i r l cyc r ing  on c o r t a l i t y .  Thc GvLrk-yering cxp , r imnts  
are also t o  bc c e r r i c d  out  on puppics  md c c t s ,  adding clu-inu-. hgdroxidc 
t o  t h c  n o r m 1  dict  t o  produce d e c a l c i f i c c t i c n .  Phosphatc dcf ic icncy ,  
p a r t i c u l a r l y  t h e t  produced by adding a luninun hydroxide t o  P ncrixil  
dict ,  will bc f u r t h c r  i n v e s t i g z t c d  i r l  c n i x l s ,  cnd poss ib ly  i n  s c l c c t -  
ed c l i n i c a l  ca scs ,  t o  detcrninc; i t s  va luc  QS a rxczns of producing bonc 
r e s o r p t i o n ,  
t h e  c h c r a c t i r  and r e c c t i o n s  cf bcnc, i nc lud ing  t h c  n z t u r e  of t h e  
organic  mtrix i n  which thase  o l c a c n t s  a r c  dcpcisitL,d. 
a -hn l s  should bc p a r t i c u l c r l y  u s c f u l  f o r  t h s s e  experiments:  
anirrials which ?.re c c t i v e l y  fcn-iing nsw bcnc; pncsphate d e f i c i e n t  c r  

Expcr i rxnts  v ; i l l  be c a r r i c d  out t c  & t a n  1nfcri:;ztiLn cn 

Three types  of 
growing 
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r e c h i t i c  a n W s  i n  which bone sa l t  i s  resorbed l e a r i n g  lcr&,c areas 
cf u n c d c i f i e d  organic  matrix; and Znimls vd.th hse l ing  f r e c t u r c s  i n  
which t h e r e  i s  n w r y  zctivi? l o c c l  f o n i e t i c n  of new bond in thG c d l u s .  
The e f f e c t  cf p r o t e i n  de f i c i ency  and p1asnzphsrc;si.s on t h e  orgcnic  
bene matrix w i l l  d s o  be s tuc l idd ,  t o  dsterrnin- t h c  in f lucnc -  on tho 
depos i t i on  of t h e s e  elerner,ts. 

Another phasc cf t h c  p r o j c c t  E t  Berkeley wzs t h t  us2 of r2dio- 
c l euen t s  i n  a g r i c u l t u r e d  rosccrch .  
by p l a n t  r o o t s  must be eccorucd a rznk wi th  photosynthes is  r.s OLC: of 
t h e  t r u l y  v i t z l  prcjcesscs of p l z n t  grovrbh. 
2 rmjor f i e l d  of  s tudy  f o r  th6 p l a n t  phys io log i s t ,  end i n  i t s  d ive r sc  
a spec t s ,  i s  t h e  c o n t r o l  them of all ir,vestig&Aons doc l ing  wi th  s o i l  
f e r t i l i t y ,  HithLrtc ,  ion-absorpt ion by r c o t s  has beun s tudied  2hcs t  
cxc lus ive ly  i n  t a m s  of n e t  ga ins  end l o s s e s  of ions  by t h e  r o o t  sys- 
tern o r  by t h e  c u l t u r e  nediu1.i. 
t o  s tudy t h e  process  f rm t h e  po in t  of view cf  p l c n t  ana tmy .  Little 
informat ion  i s  a v a i l z b l e  es t o  which c e l l s  o r  reg icns  of thc! r G G t  
system are involved i n  t h e  processLs of rrLiccral Lbsorpticn,  ion-exchcnge, 
o tc .  &cst noth ing  i s  known concerning t h e  physiologic?.l r o l e  of  i c m  
such ES Na*, K4, Cgw.  end t h e  so-cal led " t rcct :  clemcnts." 
proposed tfcrk, t h e s e  v i t a l  end b s s e n t i a l l y  untcuchcd f i e l d s  will b t  i n -  
vcstig;ated wi th  t h e  use of r cd ioac t ivc  i s c t cpes .  

The absorp t ion  of r h n u r c l  n u t r i e n t s  

The process  c o n s t i t u t d  

V i r t u c l l y  no at tc-npts  havc been m d i  

I n  t h e  

It i s  e n t i c i p e t e d  t h c t  n a y  cf t h c  cbcvc nent ionad phys io logic21  

By these  ido2-ns, 
p r o b l e m  i n  a g r i c u l t u r d  resenrch . m y  be  so lved  by t h e  devalcprxnt  cf 
rnethods o f  prepar ing  rcdi G2utcgrc.phs cf p l a n t  t i s s u e s .  
it should be p o s s i b l e  t c  s tudy  t h e  r-iechmisr.i of absorp t ion  L f  iXmy h- 
organic  i o n s  by r o o t s .  
r o l e  of p a r t i c u l m  E;lerLents i n  t h t  dcvelcJpriLi;nt cf p; . r t icul&r t i s s u c s  
i n  t h e  growing p l e n t  s t r u c t u r c .  

Alsc, it ,;Light w e l l  b t  p o s s i b l e  t o  d e t c r i n e  t h e  
3 

Insepe reb le  from t h e  gencrc-1 problc:, Gf niner2J  n u t r i t i c n  t f  
p l a t s  e r e  t h e  innumerable p r&leca  pruscni6.C: b j  t h s  c o q l c x  C d k i d  
c h a i s t r y  cf t h c  s c i l  i t s o l f .  
c h a i s t r y  c f soil i s  f i r  frc,.i d s q u e t c .  
ion-2bsorptiGn reec t i c i i s  i n  sciils i s  ccnf ined  c h i c f l y  t o  i;,ure d i v d e r i t  
i ons .  With t h e  use of radio-elements it i s  expLctGC th- . t  t h e  behavior  
i n  soil of Gost of t h e  dei. icnts sf t h e  pe r iod ic  syste.., ccn b e  cietmr:Lned 
wi th  g r e s t  convenicncu. 
soi.ie c o n c e p t i m  of t h e  rxgn i tude  of t h e  prc,blem t o  be e t t acked .  
s s t i s f a c t c r y  i n v e s t i g a t i o n  of t h e  f i e l d  w i l l  t ake  n m y  y x r s  cvcn wi th  
t h e  best cf techniques ,  
r e sez rch  w i l l  amply e s t c b l i s h  t h e  f z c t  t h c t  inforr.-zticn Czir,ad i n  t h c  
devclopr:.ent of t h e  c tc r - ic  bomb a s 0  w i l l  c o n t r i b u t e  i rx iexur :b ly  t o  One 
of t h c  i.tost b c s i c  endezvors of man-growin& of p l a t s  i:; s o i l .  

Thmc aga in  our knowledte cf t h e  su r fzca  
&cis t in[  i r fc r . -LLt icn  cclncernirrg 

It i s  hopGd t h E t  t h i s  b r i e f  c u t l i n d  w i l l  provide 

Nonetheless,  it i s  f e l t  t h c t  such t plrxi cf 

* 

The foregGing s u m m y  finy se rve  t o  p rc scn t  t h L  gcncrL1 p a t t m n  
CcrtLin a spcc t s  of work t c  b t  pursued in t h c  Ccllckc cf f igr icu l turk .  

of t h e  work -e cf ccnccrn t o  t h e  ,vIc?nhFttcn.District  m d  should be _.  > 
2 0 0 0 2 b b  
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i n c o r p o r c t d  i n  t h e  work planned f c r  t h e  b io log ic51  p r o p a  du r ing  t h e  
coriiing year.  Thesc c spec t s  do21 w i t j ,  thL b,hc.vicr i i ,  s o i l  cnd plLnts  
cf thGse r&o- . l enen t s  c roc ted  i n  t n c  prcduct icn  i.nd ;*pplicatic-.s cf 
nuc l sz r  enerGy. 
s t rong ly  support  the ccnc lus icn  t h c t  t h e  acc idcn tc l  o r  i n t c n t i u m l  
r d e e s e  of' f i s s i c n  products  t o  s o i l  cr i r r i c z t i o n  wtlter m y  c o n s t i t u t y  
c g r e w  a g r i c u l t u r d  hazard. 
t i nued  i n  t h e  ensuing yecr  t o  er.1br;ce p r e b l m s  of tclxic Lil.dts a i d  of 
soil dbcor,t,.=r;lllA~tion f G r  t h e  rmrt L p o r t  ;n t lcnk-l ivzd r rd ioe  l a e l i t  s 
invc lvcc '  ii, n u c l c r r  f i s s i o n .  

') 

Stud ies  cf 2 p r t l i m n a - j  n r t u r e  i n  t h i s  l:.bcr:.tory 

It i s  prcpmed thc.t t h e s e  stt71ics bd ccn- 

I n  l , d d i t i c n  t o  t h i s  progrcriz, work under I scparr t t :  zec t ic (n  h a  
been s t r r t e d  cn t h e  s tudy 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  cn t i s s u e .  
This  i s  of importance f r b n  t h e  h e z l t h  aspec t  aid d s o  frcn t h e  f.unda- 
mental  poirit of v i e w ,  The broad purpose of t h i s  wcrk i s  t o  dattirr;lim 
t h e  s p o c i f i c  biologicr.1 effects  of f i s s i o n  r c c c i l s  produced by slcw- 
neut  ron b ori-bmdnent cf f i ss i c  nztA e r;i  t G r  i c l  s s d d n i  s t ere d t c x imls  . 
The wcrk we.s stzrti;-d by p r q x r i n k  c o l l c i d c l  urcnous oxide, c . i d  s tu iy i r ig  
i t s  t o x i c i t y  when c .dr in is te rcd  i.,tr;.vmcusly t c  l t b o r z t o r y  d c c .  
found t h z t  one nil1igrar.i i n  suspension r z y  bc givcri i r i t ravusously with- 
out  l e t h a l  e f f e c t ,  os lonk- cs therr; are no s c l u b l e  urmiui:~ cwpounds 
mixed x i t h  t h e  UG2. tiilr.,ost a l l  of t h e  cc;llcidc?l srispensicn i s  tzken  up 
by t h e  l iver  m& t h e  s p l e m ,  which w i l l  hold thest ;  coclpounds unti-1 they  
ere chvlged t o  scluble  urmiur; cor;.pcjunds. 
so lub lo  p r t  cf the  c o l l o i d a l  U30g i s  tzken up  by t h 3  kidneys.  
U3O6 i s ,  t h e r e f c r e ,  m c h  m r e  t c x i c  t h m  c t l l c i d a l  U02 (50% of anir:.~As 
diE: after 0?9  c i l l i g r m s ) .  
l i v e r  z x l  spleen i s  erclund bna r,illigrc-iiL per cubic c e n t i m t e r ,  high 
GnGugh t o  cbserve Lhc e f f e c t s  of f i s s i c n  n i t h c u t  i n t e r f e r e n c e  frcl, c t h c r  
biologicc.1 eff o c t s  cf  t h e r x . 1  i ieu t rc rs ,  e s p c c i a l l y  i f  urcniuL: enr iched 
w i t h  t h o  i s c t c p e  235 i s  used. In f x t ,  c c l c u l c t i c n s  2nd iiiCLSUTCrJefitS 

show t h z t  a c e r t c i n  amcunt of i,zEiz rq7 bzckgrwnd i s  a lsc  t c l e r e t e d .  , 

Thus, t h e  f irst  e x p c r i m n t s  w i l l  be  c c r r i e d  cu t  w i t h  f. p n r a f f i n  rxderc- 
t o r  2nd t h e  60" Cyclctrcn.  We intend t c  cbservc thc: c f f e c t  cf f iss i .cn 
rCCoilS i n  t h e  sp leen ,  
g iven  edequate dcsccc, t h e  sp1t;on will shririk t c  l e s s  t h a  htlf of i t s  
size.  

- s e l c c t i v u  i r rnd i2 t i c .n .  Seccridy, h i s t c l c L i c d  s e c t i c n s  w i l l  be prepzrcd.  
Thirdly,  t h e  nuc lc i c  a c i d  fict2.bGlisd L f  t h c  l i v i r  w i l l  be - tud ied  under 

t h c  c l i s t r i b u t i m  cf f issim products  i 1 i  t h e  t n W  will be ;;lc::sured - 
i.c. r e d i o i c d k c ,  r ed ic - s t ro r i t im ,  s t c .  If t h L  results shuw th - t  f i s s i c i i  
r e c o i l s  are very  e f f e c t i v e  i n  producing 1ccr. l  chan es c;r b i d o g i c n l  
e f f e c t s ,  o the r  urenim ccr:,poUr,ds w i l l  t l e  prepnred 7 poss ib ly  ivith thi; ho lp  
of D r .  C d v i n ' s  group).  B l rwdy ,  wcjrk hzs been s t e r t c d  c.n t y i n g  u r x -  
iLun  t o  T;pe 11: pneumococcus m t i b o d y .  Reports  i n  thc: l i t a r s t u r c  i,.:dicate 
th2.t i t  is p o s s i b l c  t o  d t t rch '  urtI6ur.i t c  t l i t ibcdi , s  in such i? w f ~ y . t h c t ,  
af ter  in t rzvcnous  i n j e c t i c n ,  t h c  m t i b c d i r j s  will c z r y  t h e  urariurn w i t h  
then ,  u n i t i n g  wi th  t h e  tn t igcn .  
deposit in^ th;- u r a n i w ,  in t h e  t i s s u e .  

cculd be d e p c s i t d  i n  :lly give3 p c r t  c€ t h 2  bGdy, cspec ic . l ly  i n  rLgicns 

I 

It wc.3 

li 1 a - g ~  f r e c t i o n  cf t h e  
Collcid21 

Using U02, t h e  d e n s i t y  cf u ran iun  i n  t h e  1 

Sir.Al2r s t u d i e s  u d r l c  P j2  hava shown th:.t,  

I n  doks, t h e  sp leen  c.n b i  czdc t c  d iseppecr  by t h i s  i x thod  of 

t h e  ini'lucnci: tf - f i s s i o n ,  by r:iicaxj of tracgr m o u n t s  cf  P 32 . F i m l l y ,  

. 

Thcr, t h e y  rc:cct w i t h  t h e  a t i g e n ,  
This mcchLnisJa W i l l  bs s tud ied  

i . m i t h  t h e  hops cf prspc r lng  s u i t s b l e  urni-Lun-prbtain ccxbinc-ticiis which 
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1 of t m o r s .  Thcrc urxiu.. a l s o  t o  2% 
I dyes, sorile of which be takerl up SClCctivelJ- by tuiuncjrs. 

Farallel with these  investigEtions on uraniun, work hzs bean 
s t z r t o d  i n  bcroii c.nd l i t h i u  cmbina t i cns  s u i t r b l e  f c r  studying tho 
(n,d) reac t ion .  
U r d u . ;  we w i l l  strrt using c o l i c i d a l  suspcnsions cf insolublc sclts, 
and l z h r  synthesizi: c t h G r  coi.;l;iii:.ticris. 
abo l i sn  mcl possibly rLiluctim i n  s i z e  cf t,hG spleen, when c t t c i n d  by 
neans of chrcr.Iic r a d  o-phcs2hate, bbrcn, lithiur;,, 2nd urcriiu:.. 2.ftGr 
f i s s i o n ,  ctc., nay give us ii.:pcrtmt i t - f c  r;:i.tim cn the  b i o l q 2 i c c l  c f i  e c t  
of spec i f i c  i on iza t ion ,  or b e t t e r ,  s p b c i f i c  msrgy  Icss, 
i n d i c a t e s  t h a t  d p h z  p a r t i c l e s  =re sevcn tii:;es LS e f f e c t i v e  f o r  t he  SLW 

energy l c s s  i n  t h e  c e l l  cs .pma rcys  c r  x-rep. Fission r e c o i l s  i cn i ze  
t h i r t y  tir:ies w r c  p w c r f u l l y  than alphe rkys; t h u i r  spec i f i c  e f fdc t  nay 
poss ib ly  be s i g r k f i c m t l y  higher. If t h e  urc.niur;i fissiLn ?.8crk lads t o  
s i g n i f i c n n t  r e s u l t s ,  we ney z t t e q t  t c  study t h e  e f f i . c t  cf fissi.cn 6f 
p l u t o r i i u ,  and pcss ib ly  t h o r i m .  The CCSG cf pluiidriuriA i s  especic.lly 
i n t e r e s t i n g ,  s ince  t h i s  e1uLlmt i s  s e l e c t i v e l y  tcken up i n  t h c  p d i 6 s t -  
eu~. 
a p o s s i b i l i t y  of d:.mi;e tc ,  the periosteum alcnc, withcut influencing Zny 
Gf t h e  surrounding t i s s u G s .  
bono end cn t h e  dcvelop!;iont c.f b o w  c;ncer i.ey be. cf i,;qortcnce. 
w h d e  study. hzs bearing cn thi: hee l th  p r o b l m s  of p i l e  workers and on 
t h e  ciichanisn cf a c t i e n  cf ie,nizing irrzdiz.tici1s, 2nd i n d i r e c t l y  on t h e  
cancer prcblcm. 

The l i n e  cf work w i l l  be t h e  S E ~  :s i n  t he  CLSU cf 

Eecrezsc i n  nucleic x i d  mct- 

Z i r k l e ' s  u C t L  

Sirice thz  renges bf f i s s i c n  r e c c i l s  are v t r y  short ,  t hm,  U L : ~  be 

Tho study cf t he  e f f e c t s  Gn t h c  j+rCjwth Gf 
This 

' 

We fce l  t h a t  t h e  experir..cntnl p r c g r x i  now i n  progress a d  Gutlined 
f o r  t h e  coKLrg yezr crrrries out an iiiiportznt d u d i t y  crf i n t e r e s t .  
t h e  pc in t  cf v i m  of f u n d m t n t c l  rcsjf.rch, it i s  cf cGnsldcr&cle inpcr t -  
ance t o  u p l o r c  thL bchc?vic;r cf olcfic-fits i i i  e n i x . l s  ~ n ; i  r x n  t h z t  hum- 
t o f o r s  k v s  been expcsed t o  l i t t l e  c;r nf; i r i vcs t igz t im .  
t h e  i n f o r m t i o n  of intijrctst f o r  i t s  OIVP, f x t u - . l  w r t h  but cilrm.Ly it hrzs 
been shown t h a t  de t a i l ed  invcstig?.ticrn of th:: k,chLvicr c f  t h e  l w g -  
l i v e d  fissi.cn products :.nd p lu t cn ia ;  i n  thi;  skk1etc.n k.vc brought out 
sorx s i g n i f i c c n t  pc;ints cf i n tb r , s t  rs1::ting t c  t h o  c:ver:.ll f i e l d  cf  
bone ne tcbo l i s r .  It i s  cc;rtjzLn thz.t f u r t h e r  invss t i i : t i r ,n  tjill in- 
crGase our kncjwlcd,c: of this i:iL st ir;pGrtent physiologicc.1 f i z l d .  
Lcreovcr, i t  i s  q u i t e  eppzrent t h c t  e numbm cJf t he  Ls5: zburdGult 
f i s s i c n  products aibrLce elsr;.ents cf consi&rLbl; uiedicc-1 
lo@c::l i n t e r e s t  c n t f r o l p  npcrt  frG1.i t h a i r  concerb ir. tha  f i e l u  cf 
a t c d c  energy. On t h e  Gthir s ide cf t h s  p i c tu re ,  i t  i s  Lpparcnt, of 
coursL, t h s t  n l z r g o  shmC i;f t h i s  wcrk i s  cf ii:ncdictc 2nd p r e c t i c n l  
coricwn t o  t h e  m n y  p rob lem misb-ig i n  the f ' i s ld  of hcc l th  p rc t cc t i cn  
inc iden t  t o  t h e  developmnt of nuclccr energy. 
s t u d i e s  wi th  fissicinable m t o r i a l s  ?.nd thc  fur thkr  study c;f therapeut ic  
methods f o r  t h c  t r o a t m n t  cf ind iv idua ls  whc r x y  i n  t h e  fu tu re  becure 
pclsoned w i t h  e i t h e r  cf t hese  s u b s t a c e s  o r  t h e  icr,g-lived f i s s i o n  
products i s  of ccnsidsrzble bpcrtc.ncc i n  our cstiIA.aticn. 

Frola 

,_ .-. 

Mot orily i s  

toxico- 

' 

I n  pr?rticul2-r, t h e  t r e c c r  
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A. The Ideasuremnt c f  Fzs t  Neutrons f o r  Biclo&icel Dosage, by 
G, F ~ 5 l l a .  

B. U f i c t s  of S m i U  D&ly Dosas cf Fes t  Neutrons on luicc, by 
T. C. Evans. 
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- Thc i.;c,.nsure;.:er:t of Fcst NLutrc;ns foy Biclogicz l  Ij~s  2.m 

by G. Fzilla 

The purpose c.f this e x p e r h e n t  i s  t o  mlesure t h e  t i s s u e  dose 
de l ivered  by a bccn cf fzst  neutrcns i n  terns Lf  the  i o n i z i n g  energy l i b -  
c r a t ed  i n  t h e  t issue,  
t h e  t r u e  b i o l o g i c a l  e f f t c t i v e n e s s  cf f r s t  neutrons and t o  c v d u a t c  t h e  
r e s u l t  B cf  b i c l c g i c z l  c x p e r i c m t s  cqnducted i n  d i f f c r e n t  brmchLs cf t h e  
i s n h a t t a n  Pro jec t  . 

The e x t r q c l c t i o n  i o n i z e t i o n  c h d e r  uethod, previously 
devised, has bem f u r t h e r  d c v t l o p d  es regsrds  t c t h  thc  cons t ru t ion  of t h e  
i o n i z a t i o n  c h a h r  and t h o  detecting imtrurtzcnt. The e lec t robvs  of t h e  
ic ;nizat ion chamber c.rL c&dc cf r,Et.rid siziler t o  anin2.l t i s s u e  i n  i t s  
atomic c o n s t i t u e n t s  , 
air as t h e  ion ized  r.m2iw.L (2) 
cons t i t uen t s  ils t h e  e lLct rc&s of t h e  cha.hur ,  Thc f i n 2 1  rt;sult should be 
t h  sale i n  bc th  c z s i s  md the re fo re  t h i s  provides  c check cf tho  accurr-cy 
cf t h e  mthod .  

This infLrri!tion i s  nilcded i n  order  t o  detcrcune 

1dethc.d. 

TV~G ini;epeniibnt a e t e r r i n c t i c n s  w i l l  be .ixJc: (1) ?it]. 
2 i t h  2 k t s  i ixture  hcving t h e  smlc atomic 

h Extent cf Prc;,ress. The work up t c  t h e  p r u s a t  hks i n v d v e d  t h e  
Fons t ruc t ion  end t e s t i n g  cf cppcratus  ;nL t h e  r.eking cf a g rea t  i.1anY mils- 
Urments under diff  ere& c m d i t i c n s  . Ilunkrous d i f f i c u l t i e s  have been over- 
ccrx and t h e  exparir;entcl prccccl,u,rc i s  now q u i t e  s c t i s f z c t o r y .  Wirk is 
S t i l l  i n  progress  2nd it i s  pr6fcrLbl t  nct  t c  <ivG t h t  r e s u l t s  cbtzinud 
thus  fa?, s ince  they  er6 sub jec t  t c  . ;mlificaticn.  

I n  order  t o  dcterirane the  b i c l c g i c z l  e f f ec t iv snkss  c f  f C S t  

1 
neutrons i n  t h e  CZSG of b i o l c g i c c l  e x p c r i d r i t s  c u r i e d  cu t  i n  c t h d  p a r t s  
of t h e  Projcct ,  sicAlcr r;iUrsurLr.ients &;ill hcv; t c  bc r ~ d e  with t h e  neutron 
b C 2 . m  us3d 2nd under the  ph2,siccl  cc , ,a i t icns  Lbtchnng a t  t h e  t1iL.G th,: 
anirnels wcre i r r a d i z t e d .  

It i s  expected t h c t  f i n a l  rvsults w i l l  C, LbtLincd by July 1, 
1946, i n  t h e  ccse cf th,  iiCLsurt;.lt;rits ~II ~rh ich  cir i s  use6 os t hb  ionizLd 
gns .  

E f f e c t s  cf S r x l l  Daily Doses c f  F r s t  Ncutrcjns on Lice 

by T. C. ihrcns 
h3 
0 
0 
0 
Pg 

4. - 

Fer thc- purposc of d c t e r i h i . n &  t h e  r a t i o  of biologicL1 e f f e c t s  
of r d t i p l e  simll doses cf 200 KV x-rcys cnd ncutrcns,  i t  wes necesscry 
t o  cz r ry  out a sz r ies  cf p i l d  c;xpLrimnts wi th  2 sii lglo t r c z t m n t .  The 
pLrccntagc of s u r v i v t l ,  t h a  meden  lL t h e 1  t h e  a d  h;i.lctclcgic.21 effects 
ivcre used as inciices i f  coiiptriscr:. 
dcsegt  cf 8 r i ~ v c  c k o s t  idGnt icc l  f i nd ings  2s .chest witn  2 dosa&e G f  1 N. 

Tne cxpcrii;.,nts indic?&tc-d t h c t  t h e  

k sccond cc;..p,o.riscn p i l o t  e x p a r i m n t  using n u l t i p l e  ~ G S E ~ C S  of ’ 80 r a d  10 N per dry f o r  25 dzys &cwi?U si:rLlzr effccLs ori t h e  n e d i a  



l u t h z l  t h a  and hwm.grc=.L. 

In t h s  sclctcticr, tf u 5 1 2  dt,sds cf ncutrcns which wr t  t c  hc used 
i n  t h e  d c i l y  cxpc r i ixn t s  covorin: 2 pcricd bf cnt  cid I h d f  yacrs,  t h e  
f c l l m i n g  chbieks  werc ~;xk: 1.4, O.L!+, 0.07, 2nd 0.014 ii uquivalcnt t c ,  
respec t ive ly ,  11, 1.1, 0.55, a-ILc 0.11 r ,  w c c r d n p  t c  the  cbGvL xcnticncd 
r & i G .  
t L e s  wcekly. 
2nd tVJcnty-fiv; f e d l e s  Gf o'ch type  were uscd E t  bach "f t h c  :.bow i ;CS2CC 
h v e l s .  
twcnty-f ivc . F i v t  hunuuci :Act w,re uscI .  i n  t h i s  txpd5r. ,mt.  

These dosc,cs F#crc givon (usin[ t h e  cyc lc t r cn  ES a sciircc) f i ve  
The c n i i x l s  u s i l l  w G r c  Swiss cnd CF1 I ~ ~ C L .  Twenty-fivc w-les 

Ezch s t r c i n  r.nd c;ch sex of znir.z.1~ h:d c s u i t c b l c  cc.iirc1 Lf 

I n  t h i  lclrgest chrbnic  ;use (1.4N) a f t d  f i v t  ncnths c f  i r rodi2. t i i  
t h c  mimls stcr tecl  t o  XL. L E  :~L~rx.ls hcc! st:.rtcd t c  1 ~ s ~  wcii;ht with 
bcth lcuccponiz cat1 lyi.ghLpcniL bc in t  p r c d u c d  c t  this t L e .  T ~ L  t x u p s  
vm-c k w n  t c  :. 50% survivr.1 1cvc;l 2 f L w  I ~ L ~ S  l?.t+r. 
survive LS l c n c  2.s t hc  Swiss s t r c i n .  
4% of t h e  c c n t r d  t i n e .  
z f t e r  approxhri te l j  80% 6f t h e  t c t d  g r w p  had d i d .  

ThL CF1 A.cb ai& nct  
The z p p r a i , a t c  , L ~ ~ - ~  1cthL.l tLt PizS 

C z t a r r c t s  btB-n t c  :.ppcnr i n  thi; CXPLSA m k d S  

I n  t h e  next  d o s c p  l uvc l ,  0.U N, t h e  W C I I  l e t h a l  tbrc w?-s 86h 
of t h e  c c n t r c l  tii.ie. 

obsarvGd 2 t  t he  I l i lher  dosage I c v t l ;  a slilht roduct icn i n  lcucocytes  
being Gbserved cs coqcrcjd wi th  t h e  cL.. trcls.  
t i l i t y  wf ls  n L t d  in t h e  ~ e l e s  and c? l i k h t  b c t  d e f i n i t t  rt;ductiGn i n  the  
frcquuncy of thc; estrous cycle  i n  tho fecalc. 
i n  t h e  incidence L f  c e t a r c c t  whcn t h c  nuribor c f  survivors  nzd b;on re-  
duced t c  a fcw en ixa l s .  

Tnc v f f a t s  cn t h e  blGcd were nct 2s dLf in i t c  2 s  

1, l i g h t  r e d u c t i m  i n  f e r -  

ThLre W ~ S  2 s l i g h t  incrczso 

I n  t h t  twc low d o s q c  l c v d s  (0.07 2nd 0.014 N) nc n c t i c c a t h  
e f f c c t s  hare been obsorved as rtsc-rcis t h e  survivcl the, weitht luss, 
blLod counts, p c t h c l q y ,  chan6:ts i n  ocs t rus ,  G r  brwdini/. 
l a t te r  s t u d i e s  (Gestrus mli breeding) c c d u  bc dcne thL zinimls h a €  c g d  
considerLbly bu t  a c c : p r i s m  cf t h c  c c n t r c l  a d  expcri . ientr l  [rcups geve 
very si;.ilm Lbservcti  a s .  

By t h b  tits the  

I n  a l l  ;rcups cf d d L r  a&.nls v a r i m s  f crAx cf necplnsi.;l'hzvu 
Tho cu . .prc t ivo  f rcc.ucney i n  ccnt rLl  and expcrLientz.1 grbups develcped. 

has nc t ye t  babn deter:lnei!  cor:.pletc-ly. 

Pz tholcc icn l  study tf t h e  t i s s u e s  f r w ,  enir,.cls dying i n  t h t  ex- 
per inents  dsscr ibed abGvc: $ves the  f c l l i w i n i  i n f  crii2ti.A. lKth a i :n iL -A IG 

s inLle .dose  cf neutrcns,  there i s  cn cplzsit  cf b m e  i L r r L w ,  :.arkcd re- 
duct ion i n  lyr,:phci;l t i s s u e ,  d c p n e r a t i v e  chu.\ cs l e a d n 6  t L  c p l ~ s i z  cf  t h c  
testis (t;cr.;Linal elmc?nt s cnly) ,  d c s t r u c t i m  cf i n t e s t i n z l  r.xccsL, and 
p n c r a l  a t r6phic  chml;s. 
were ncre  or l ess  shzrply l c c d i z e d  t c  t h e  blcod f crrk-q clrgans aii gmads. 
'dith t h e  1.4 n/dq dcsc t h e  1,iLst r.zr!sxI e f f e c t  ws1s t h c  devdopcient cf 
t e s t i c u l a r  ztrcphy. 
nctcd. 
chcnges cci.-pc.tillc: with e m l y  agj.nC were nGtcd. 

I n  t h e  80 r/dr.y - 10 N/dcy expurL..t;nt, thv e f f e c t  

S L ~  s l i , h t  ckprossion cf b m e  uarrcw x t i v i t y  WLS 
Splenic  ntrophy Y:~S p r d u c d  b.ith 2n incrcc-s; i n  f i b r L s i s .  idny  
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The highctst ~ G S C ~ L  l e v e l  (1.4 N)  wes r e p a t e d  fLr the  spec i f ic  
purpose of f o l l w i n g  t h e  e f f e c t  cln e s t r u s  change, sperm prcducticn L m  
ca tarac t  f orm.ticn. Swiss miA.zls were use&. I n  two cxperbients c d x r a c t s  
rppeared in zmincls surviving a f t c r  80% Gf t h e  b r i g i n i l  cxpcrkisntal  group 
had died. I n  the  i .Ae  group s t ; r i l i t y  was prccluced a b u t  t h e  f i f t h  week Gf 

expcsure. I n  the ferx.les t h e  as t rcus  wcs ccr,iplotcly ihh ib i ted  e f t c r  abcut 
12  weeks of expcsurei 

pigmented eyes were aisc studied a t  t h e  high l ~ v d  (1.4 N), 
were forned i n  zpgroxir:Lately the s m e  fashicn m ~ :  degree 2s observed i n  
t h e  albinc pure s t ra i r ls  hi in te res t i r , \  c d d i t i c n d  cbservztiorl i s  t h z t  
the h z i r  turned grcy e f t e r  about 6 weeks cf exposure m d  l a t e r  becaLe pure 
white i n  those animals surviving t h e  r;.edim l e t h a l  t h e .  

k group of f e m l e  animals cf hybrid s t r a i n  with blzck coets  and 
Cataracts 

Attempts were r.a& t c  ccrrclet t :  t hc  t s s t i c u h r  weight with GxpoSuP 
1 C V d  E n d  damgc. 
was ncted; at 0.14 N cha+ wzs doubtful; ani  c- 0.07 end 0.014 N no chr.nge 
was ncted. 
l e v e l ;  
and c c n t r c l  groups. 

I n  thLse animls reccivL.i 1.4 N a d e f i n i t e  reduction 

Splenic w e i b t  showed dcf in i te  reduction i n  t h e  highest ticse 
Occasicn2.l enlarged spleens were noted i n  t h e  0.07 and 9.014 N 

An addi t iona l  experimnt  wzs c u r i e i l  out using 11 r : nd  1.k n 
per day t c  deterriine xhethdr x-rc2LZtion & l s c  Fruduced cztarncts .  
t b e  wher, 1.4 N shcwed wei@nt redUctj.cn mci mcrts l i ty  increase,  t h e  11 r 
of x-radietion anincls showed no chcnje. Nith t h t  cc.ritinueticri of th6 
experinent the e f f e c t  of t h e  1.4 N W ~ S  shown t c  be d e f i n i t e l y  mre severe 
than t h e  11 4; end t h e  apprcxir.,ate b io lokicz l  e f f e c t  r a t i o  wtls t e n t a t i v e l y  
Pieced as 12 r * 1 N .  
sane extent .  

:&t t h e  

Cttzrccts were prcduceci by x-rays but nct  t c  t h e  

Several c,ther phases cf this work will be reported l a t e r .  
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Fish Prom& (GSkD L134, Ll.35, E1451 

S i t e  d c c t e d  - Univ t r s i ty  c f  Wsh inc t  c n  Depzrt;.icnt cf F i she r i e s  Rcsecrch 
under c i i rcct icn cf D r ,  k u r c n  DcndZscln. 

PurpbsL: - Hazc-rds t c  f i s h c s  by bc th  extLrnc"1 rnciirrticn md r c d i z t i b n  f rm 
f i s s i c n  products clcposited w i t h i f i  theril. 

'Hc?zr.rds rc1P"tc.L t o  che1:icCl d s p c r s i c n  i n  r i v c r  w:.ter froi-1 
e f f l u e n t  c f  p i l e  2-t H.E.,i. 

Hnzards ciuc t c  t ccpe ra tu re  elcvr-tibn. 

The i.u?.jcr i n t b r c s t  i n  t h i s  stuCy i s  tho  cltte,;.pted p ro tec t i cn  cf 
t h e  s&.Icn miis i n  t h e  Ccluiibis Rivcr, cnd c6rrr ;c t icn cf m y  pro- 
c u s s i n t  r.sthcil which Lqht  bc d c l c t L r i u u s  t c  t h e  st .fcty ?-rid f u t u r e  
of t h e s e  runs ,  

It i s  czls~ necessary t c l  reucve t h e  govcrmiient frail cny clair.1 as 
t o  t h e  i n j u r y  t c  t h e  1wge 2nd l u c r c t i v a  saL.&cn indus t ry  i n  t h e  col- 
umbia Riv t r .  

! 

Protocol  of t h e  Experir.i2nts Ccnducted (as cf presonL dc te ) .  

hemal Fhdiz t icn  (by con t r c l l ed  X-r?.j UL s L t e )  

' I  

1. ChincGk S2lr.,on e d u l t s  t r e a t e d  wi th  25, 50, loor.; L I L ~  ?nd 
f e r d e ;  spcwncd a d  cny e f f e c t  i n  s i z e ,  grbvrth, c t c .  

Hatching Gf zbcve eggs. (1) t c  yLunc End Gbscrvnticn f o r  e f f e c t  
Tht 100 r f r y  relucseu t 6  r e t u r n  f r m  the  scc i n  1946, 

2. 

1947, 1918. 

3 .  Scckcyc S d n c n  c d u l t s  t r e c t e d  Kith 25, 50, 100 r; J : L ~  a d  

Hztching cf abcvc (3, and 25, 50 r f r y  r e l ccsed  t c  r o t u r n  

Steelhe:d Trout h C u l t s  t r w h d  with 2-50, 500, 1000 r. 

f e r i l e ;  spcwnd r-nd pcssiblc cf fGcts  cbserved. 

4 ,  
1946, 1947, 1948. 

5. Ob- 
s c r v c t i c n  cs t o  e f f e c t s  on growth, r i c r t a l i t y  ?.rid hist- 
c logicrr l  chznEe. 

6. Chincck eyed e t t s  25, 50, 100 r. Hatchint  r c t c  a d  observ- 
a t i c n  c.f f r y .  

7 .  Ckincbk Eyed Eggs 250, 500, 1000, 2500, 5000, 10,000 re 
Hatchin, 2nd Lbservr-ticn f c r  ... c r t a l i t y ,  growth, h i S t G -  
l o g i c a l  sff ect . 

2 0 0 0 2 1 5  



9. Reinbow Tmut adul t  J.lEde, ferndc, 500, 1000, 2500 r. 
of f i s h ,  e f fec t  on spcwning t c  hztching cf eggs. 

Chinook Fingerlincs male and fomzle 100, 250, 500, 750, 1000, 

Death 

10. 
125C, 2500, 5000 r. 
i n g  of t i s sues  f o r  his tc lc&cLl e f fec t .  

Gbscrvcticn Gf r.--ortality 2nd section- 

11. Rainbcw Trcut yeLrlings c z l e  and fu;Lc-ltt; 25, 100, 500, 1000, 
2500 r. 
spr ing of 1945% 

Obserwticns CII the  abcve tr: sexuzl r.1aturity i n  

12, Chinook adul t s  tale 2nd f c m l e  25, 50, 100 r t o  spwning. 

13. Hatching of eggs (12) t o  f r y  stqt: ;md obs,rvction for e f f e c t .  

Treated a d  spawned. 

RelLF-sc  50 r.'r_nd controls  t o  rctur:i i n  1946. 1 

14. Steelhecd Inale and  fer,iLLe 25, 50, 100 r .  

15. Eggs frcri: zbove (U+) Hc.tching a d  young observed. Relezse 
100 r and cont rc l s  t c ;  r e t u r n  i n  1947, 1948. 'I 

16. Goldfish mlc  and fenc".le t rez ted  with 25, 50, 100, 250, 5.m, 
750, 1000, 1250 and 2500 r. 
rmr tz l i ty ,  h i s t c l o g i c c l  changes end brSWth. 

O b s a v r t i m s  os t o  e f f c c t  cn 

A series cf specie1 ponds wzs constructed E t  ths: I3.E.' . a 3  SO arran&eci 
t h z t  t h e  weter supply be connectcd with t h e  cff luont  cf tnL plant  i n  a 
Vmiety cf weys s o  th:t the ef fec t  cf v:r icus  concentrcticns of p lan t  ef- 
f l u e n t  2% V 2 r i O U S  t e n p i r c t u u s  C G U l d  bi. t e s t e d  cn S?.h.,On 
f inger l ings  and eggs. 

Ccncentretions xiopted using r i v e r  watcr cs cLi1trcls iverc e f f luent  
pure c b n t c i d n &  d l  the  sclts and being ccclcc' bcfcre  t h e  tc?nk; e f f luent  
re f r igera ted ,  cmd ef f luent  d x e d  with r i v e r  wcter 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 t b  250; 1 t o  500 wd 1 t o  1000. 
Steelhead t r c u t  cnd chincok sahcm were t e s t e d  i n  t h t  sarnc tanks divided 
by p m t i t i c n s .  The f e r t i l i z e d  selncn ec-s were pleced i n  i d e n t i c a l  con- 
centr?.ticns lz td-  i n  thi! cxper imct  . 

Verious t e s t s  cf specitil .;ateri21s used b> t h e  plent ( o i l s  a~d thc  
like) were t l s o  t d s t e d  i n  t h e  n o r i , d l j  used d i l u t i c n s  i n  such t t n k s  mC: 
t h e  e f fec t  i n  t h e  f i shes  mci e i t s  cbserved. 

t r o u t  Cdults, 

Absorbed Ra5oact ivi t .y  

Adult f i s h ,  eggs an i  f r y  were exposed t o  ccncentrations cf s f f l u e n t  
water cmtairi in& bcth l ~ f i g ,  and shcr t  l ived  f i s s i o n  p r d u c t s .  
standerd exposure thesc were kullcd, c s h d  and exmined f c r  res iduzl  rndio- 

Fdlcwinc  a 
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of v x i c u s  spec i t s  werJ col lec ted  

,&> i 4 

+J.-‘ 

frc.r.1 the  Colwbia Mver md exarnin6d i n  2. s i d l a r  fcshi.cn. 
determine cs t o  whether cnoui,h corqx.r:ble r-dio,ctivity hsd been sbsorbed 

a c t i v i t y  which rcmined.  
This wes t o  

Current Observcti ons 

m i c t i o n  - Adult Fish - no observable chenge i n  m y  species m d e  r f t z r  
exposures t c  25, 50, 100 r. Dcfiriite increLse i n  rnbrtcllity i n  t r cu t  
exposed t o  1000 r cr more. ChLnges a t  500 r show very l i t t l e  d i s t i n c t  
evidencz cf daiage i n  growth, weight chenges. %rue C y t d O ~ i C C . 1  chrsnjes 
of t r a s i c n t  nr turc  observed i n  the &ut a d  zntbr ior  kidnzy (base of 
the hemtopoet ic  systers .  I n  srmll Loldfish the  c h a f e s  occur a t  zbout 
t h e  sane l e v e l  (1000 r )  with t o t d  mcr ta l i ty  LA, ,2500 r. 

Eggs. I n  t h e  $yed step ( i n  which t h e  cye pigrJenteticn 
first begins t o  shcw t h z r e  i s  2 d e f i n i t e  r e t k r u - t i c n  i n  grcwth at  
1000 r although h i s t o l c g i c c l  chL?nCe i s  f i r s t  r;ppcrcnt at 2 h w e r  
l e v e l  250 r. ks i n  t h e  cbovc t h e  nost sens i t ive  t i s s u e s  e re  t h e  gut 
and antcr ior  kidney. 
1000 1- l e v e l  as observed w e r  c period cf t i m  and rt 8 l e v e l  i n  CXceSS 
of t h i s  but l e s s  probcbly t h m  thL cbserved 2500 r. c 100 percent 
n i o r t d i t y  i s  reechcd. 

h i s t o l c g i c d  chan,es zppeming 2-t this l c v e l  i n  the spleen and Lzntericr 
kidncy which i n  t h i s  fori:. a r e  s i tes  cf blbod fcrriaticn. 
apprcxirate 25 percent m r t d . i t y  i s  reLched f c r  the several  specios. 
s o m  pcint i n  excess cf 2500 r. c 1CO percent r s r t a l i t y  cccurs. 
unately nc, l e v c l  of zn intcrr;lc;diatz stLLe be taem 2500 r-nd 5000 was used. 

cbserved of sicnificcsnt nCttti’; - s t c  sizi: cf hztch, f e r t i l i t y ,  EhXrr.ality 
cf developin; eLgs 2nd thc- 1ii.c. 
the  1000 r. l e v c l  ES iiotcJ r-bcvb. 

A 50 percent imrtal i ty  f igure  cccurs mound t h e  

. I n  fingerlir igs 2- r e t t r d a t i o n  i n  grcwth occurs ilt 500 r w i t h  

A t  1250 r cn 
A t  

L‘nfurt- 

In the  rad ic t ion  cf pc?.rent f i s h  unuer 500 r. no chcix-es hzvc becn 

Sifnif icLnt  chznjcs do  not ry.pe2.r Up t o  

S t z t i s t i c e l  sna lys i s  cf id1 u b t 2  cc,iicGrni:ig the abcve problems 

Dcte w i l l  cppezr throughcut 1948 cn the r s s u l t s  ’of t h e  f i s h  t h a t  

i s  i n  procress, but  no repor t s  have been subr,itted f o r  survey. 

heve gone out t c  sca m d  returned t c  spawn. 

BLth f i shbs  cnd egLs expcsed t L  the  e f f luent  unrs f r iprchvd,  
rc f r igerz ted  c?nd i n  2, 1 t c  3 ccnccntret icn shbw i n c r c - s c s  i n  i.,crtclitJ cf 
s i p i f i c m t  degree . 
cherLcal in jury  t o  b i l l  s t ruc turbs  =id pcssible  respiretior1 cf t h e  egg. 

Cort?in cf t h c  cher.lic&s a l s c  incrense i.,crtLlity due t c  ac tua l  
, 

Increase i n  teihperctwe dces nc t  inf lueace the  sevcr i ty  of t h e  
developrAent but only i n  t h c  rcipidity L f  
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I Abscrbed Rcdiccc t iv i ty  

Kf te r  l iv in ;  i n  e f f luen t  ( p i l e )  wc.tcr f c r  c s  l cng  as t i ; (  i.,,nths 
under ccntrcjlle; ccriditicns, the  :.l-sc,rbed an; depcsi ted rL-diocctivity 
W%S r;c:.sured. 
r-ajor po r t i cn  cf t h e  depcsit iLn w.s i n  the  fcrr.. cf t h e  shc r t  l i v e d  prcducts ,  
Only t r z c o s  cf lcw lived r x i i x c t i v t :  i.&,eriels wLre found. AS ct;rrdr..ted 
with t h e  e f f e c t  GI? the  c f f c c t  c f  cxternal r?.A?him, t h c  dcss;$ rLcLiVed 
wzs zli-slst n2,l iLible co,..pcrd t; th3-t rq f i i rd  t o  ,>rcducc cl:.,.aLu :.s such. 

I n  nc i n s t ,  ncc w m  it L r t L t  tncugh t o  c m s e  da.i~.td, The 

Applicction cf Results 

KnLwlc&c: cf t h c  t C t L l  c..cGnt df m t e r n n l  redi l i t icn nccesscry t o  
cause da:.n~t tt f i shes  cf V:.~~CJUS s izes  and sees i s  appl ied u i r e c t l y  t c  t he  
m a l y s i s  c;f t c t d  r z d i c a c t i v i t y  l i bo rn ted  by the  p i l e s  i n t c  t h e  Cduribic 
f i v u r .  
abscrbcd md a l l  i s  p i n t & .  
s t u d i e s  Gn the  abscrp t ion  Lf the  var iuus prcducts tnd t h e i r  e f f x t s  Cf t e r  
kncwn exposures i s  a l s o  included. 
kcpt below t h e  hczard l eve l  f c r  sLli:,cn. 
t o  t h e  cheri icr l  an.: teEpcr?.turL hcztirds ts well. 

Thc 2ssw.ipti.cn t h a t  this ccnc tn t r z t i cn  10-10 2s diluted,  i s  t c ; tu l ly  
Further& 2,pplicction cf t h e  Cl in tcn  Lzboretcjry 

I n  t h i s  fcshicn c c n c c n t r c t i m s  c3n bo 
Also t h i s  i s  t r u e  with r e spec t  

The prcgrcr2 thrLuLh t h z  next yesr  i s  Elready LuthCiriZed 2nd Ccn- 
sists - f  (1) fc l lcw up cf t h e  present  exparirALonts extuntiins thrcugh 1948. 

(2) Ccntinuaticn Lf t h e  expvsurbs t c  cheidccl  rL.:tcrials Xid Z l S L  
cbsorvctic;ns cf pcssibli :  e f f e c t  i n  t h c  Cdunb ic  River. 

( 3 )  Ccripletion of t h e  h i s t i l o & d  s tud ios  d.re-2dy I n  prW,rcss cn 
f i s h e s  d a a g e d  by t h e  vn r i e ty  cf X-ray &,sages. 

’ (4) Nc p r c , ~ ~ ~ i i i  which is nc t  c c r g l e t c l y  r e l z t a i  t c  d i s t r i c t  cper- 
c t i o n  i s  neccsszry.  

Rerimeration: NG adcii t icnai funds nccossarg t c  Ci.ii.pletc present  study. 
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i i k .  

ribrams. 

rracer Stuuies ; . i th  lnheled 1.0 Yesr Hutheniu.z3 bj Lniley, blender aid 

T h i s  papor aeizis j-ric;s;rilJ t2th the fate of trnccr quantities 

of airborne rutherif uc, after inhalation bj- rats. 

1. Irr the course cf  the work it was necassiiq t c  h v e  a 

s iqle  quantitative test for la, ad a colorir..etric test was developed 

VJhiCi; dewcis on t h e  Uue ccllor forr..ed alth rube&c acid. 

possible t o  tietect 2 r4. of liu lvith 10 per cent accurac; 

It W i x  

2. In order to a p s e  &qxIs tc hC4 v2p0:'~ e generbtor xas 

needea which IGOU sup& EiuG4 at a continuous aid mre or less w i o r m  

rote. 

potascim :;errfiqmate in sulfuric scid xcis be,t suited. 

Of a nwker of ~xici iz ir~g ctents irwcstigLted fcr t h i s  purpose, 
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