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-- Radioautographic S tud ie s  

Radioautogra$ic s t u d i e s  x v i t i l  t h o  long-lived rare e a r t h s  
ar,d t h e  a c t i n i i e  elomact s a r e  continuing with p a r t i c u l a r  reference 
t o  t h e  lise of a lpha 2ai. t icles enuls ions f o r  t hose  radio-elements 
that e n i t  t h i s  type of r ac i a t ion .  
m d e  torrarci devalo2inS a s a t i s f z c t o r y  technique f o r  rnowtiag t h e  
s e c t i o n s  d i r 3 c t l y  upon th2  .xailsion. 
i n  both the  s t L i L i : G  of t h e  sec t i3x  a i d  t!:e concurrent s t a i n i a g  of 
t h e  enul.sion. The succes;si%l zp2 l i ca t ion  of t h i s  procedure should 
m a k e  it possibla t o  c o r r e l a t e  th* d s p a s i t i o n  of the  alpha a c t i v e  
a c t i n i d e  e i encn t s  tr i th ti12 s p e c i f i c  c e l l s  t:iat a c c u u l e t e  these  
s u b s t a x e s .  
Prom tudecclcif  i ed  bons s e c t i o n s  h : r e  beell Dbtained Which corroborete 
t h e  o b s e r m t i o n s  r:ade e c r l i e r  by the  ;;lore c o w e a t t o n a l  techniques.  
This  radio-element sho-::s a r a t h a -  s u r p r i s i n g  degree of accumulation 
i n  the  regiocs  of t h e  blood vesso l s  x i t h i n  the i.llneralized s t r u c t u r e  
of t h e  bone. 

Considerable progress has been 

There is st i l l  d i f f i c u l t y  

iIodarate1;;- s a t i s f a c t o r y  raeiozutographs of anericium 

The radioeil tograshic st*iidics f o r  t h e  long-lived f i s s i o n  
products an& ths a c t i n i d e  ele-ce-its 83'3 b e h g  continced. Preliminary 
radiozutogre3hic s tuCies  of . t t s  3 p o s i t i m  of Ac227 i n  bons i n d i c a t e  
t h a t  t h i s  elsment is 53,osited i,z Lone verjj much i n  t h e  sm-9 p a t t e r n  
as has been observed with the  lu - than ide  r a r e  earths, &mricium, a d  
curium. 
accurately,  it w i l l  be r-ecessary t o  age t h e  bone s e c t i o n s  f o r  m o t h e r  
60 days s o  th t  full e q u i l i b r i u n  m y  be e s t ab l i shed  x i t h  t h e  rodio- 
a c t i v e  descendar,ts of  Ac 227. 
apparent xhen i: i s  r e c a l l s d  that  r a d i o - a c t i n i m  
l i f 3  o f  18.9 days and AcX (Ra223) has a h a l f - l i f e  of 11.2 days. 
Inasmuch as only 30 days had e l a p e d  from the  time of t h e  administra- 
t i o n  of t h e  radio-actinium t o  the  preparat ion of the  radio-autographs, 
it is a ? p e n t  t h a t  a considerable  f r a c t i o n  of the  a c t i v i t y  in t h e  
bone arose f rom the  radio-thoriuT and AcX present i n  t h s  s o l u t i o n  of 
actin* at t h e  tine of its a d n i n i s t r a t i o n .  Since 178 a l r eady  know 
t h t t  tde- p a t t e r m o f  d i s t r i b u t i o n  i n  bone of both radium and thorium 
d i f fe r  
americium, 2nd curium, it ; . J i l l  be necessary t o  w a i t  u n t i l  a l l  of t h e  
a c t i v i t y  frm the  radio-thorium and LcX present at  the time of 
admid i s t r a t ion  has decayed. I; l e s s  s ign i f i c fmt  but p o s s i b l s  source 
of e r r o r  i s  t h a t  the radio-thorium and AcX fornad f r o m  t h e  decay of 
a c t i n i u n  between t h e  i n t e r v a l  of adminis t ra t ion and s a c r i f i c e  of 
t h e  aniiii61s may be subject  t o  t r a m l o c a t i o n .  The p o s s i b i l i t y  of 
t h i s  e f f e c t  mag be avoided Ly s i n p l y  adding t o  the v i c i i t i n g  period, 
i nd ica t ed  above, t h e  i n t e r v d  of tiixe bettree2 the dc t e  of adn in i s t r a -  
t i o n  and da te  of s a c r i f i c e .  

In order  t o  s e c i r z  tiie p t t e r r .  o r  d i s t r i b u t i o n  nore 

The n e c s s s i t f  f o r  t h i s  mit becomes 
has  a half- 

from one another,  as wel l  os from the lanthanide rare ear ths ,  

1 1 7 5 1 0 5  
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The radioautogrzpiiic s tud i sa  v:ith columbium have been set  
up. It I s  with  p a r t i c u l c r  i n t e r e s t  thc'; v18 look forward t o  t h e  
results of t hese  experiments, f o r  it m i 3 t  be r ece l l ed  t h a t  
columbium, v h i l e  d.eposited i n  t h e  ske le ton  t o  a consi3erable  degree , 
is  not  retci~ecl as t e n m i o u s l y  by t h a t  o r g m  as yttrium, zirconiun,  
t h 3  lv l than ide  e l enen t s ,  and t h e  ac t in ide  elemects s tudied.  

In c o x e c t i o n  wi th  these  rzdioautographic  s t u d i e s  Niss 
Axelrod hcs  ComTleted il very  extensive review of t h e  f i e l d  of 
rndioa?itoerzphy. This  materizl hns been d e c l a s s i f i e d  and vias 
presented by i r ;v i t z t ion  at t h e  Bio logica l  Chemistry Sec t ion  of 
t h e  Amrican  Chemical Soc ie ty  i n  Nevi York i n  Septenber of 1947. 

Tracer  S tud ie s  -- 
R a d i o S i l v e r .  Tracer  s t u d i s s  with ca r r i e r - f r ee  rodioact  i ve  s i lver  
himebeen carr isr l  out on a n i a a l s  t h a t  had besn sub jec t s6  t o  l i g n t i o n  
of t h e  b i l e  duct.  X sumcry of t h e  r e s u l t s  a r a  noted i n  Table I. 
It ? 4 i 1 1  bs saen thas tiic d i s t r i b u t i o n  p a t t e r n  of r ad io - s i lve r  i n  
those mimls subjdcte? t o  b i l e  duct l i g a t i o n  i s  very  di"ferent 
frm tncso  of the  aorxa: coi-itrol ani?+. It would aFpsar from t h e  
h i &  csc t sn t  of ti13 var ious  t i s s u z s  of t h e  body, no tcb ly  t h e  l i v e r ,  
t h a t  t h i s  e l i r ien t  i s  e x c r e t a i  i n  tris c i x r i e r - f r e e  s ta te  by t!ay o f  
t h a  b i l e .  

It hcs  beer  observsd with c c r r l s r - f r e e  rad io-s i lv5r  t h a t  
in blcod mcst of t h e  s i l v s r  i s  bGUid T O  $ 1 , ~  Serum pro te ins .  This  : zs 
found bc th  i n  the  i n  vivo a n i  i n  v i t r o  s tud ie s .  If ca r r i e r - f r ee  
r ad io - s i lve r  i s  added t o  hegarinized ,.;hole k lood  ard dlo:.ad t o  
St93d f o r  three hours i n  v i t r c ,  64 percelit of' t h e  a c t i v i t y  is i n  
t h e  g lobul in  f r a c t i o n ,  16 percent i n  t h e  albumin, and 20 percent i n  
t h e  r ed  blooJ cell fractior..  hppro:.:imntely i chi& of t h s  t o t a l  
red  c e l l  a c t i v i t y  was ir. tLe hemglobill .  The g;lobulin =id albumin 
f r a c t i o n s  vere sopzrzted by t h e  c s e  of one-litlf s&turn ted  armoniu? 
s u l f a t e .  The protein-free f r a c t i o n  of the  serum, lfnich tJas obtoiced 
by t t e  add i t ion  of scturated mmnium s u l f z t e  t o  rcc~3v3 t h ?  e l b m i r i ,  
contained less t!,an 0.1 gercznt  of t h e  rad io-s i lvar  present  i n  t h e  
blooG. It vras  found tbat t h e  cz r r i e r - f r ee  rGdio-si lver ,  as & ion ,  
a f t a r  its add i t ion  t o  blood i n  v i t r o ,  d i d  not d io lyza  through o. 
c e l l o i d i n  menbrano, w!iich sugg?sted t h e  p o s s i b i l i t y  of i t s  chsnicr.1 
combination wi th  the p ro te in .  

The i n  vivo expericlents wer3 done as follows. Car r ie r - f ree  
radic-s i lver  xis a&-inistered intrcvenously and f i v e  minutes l a te r ,  
blood-was removed an& t h e  f r cc t ion? t ions  rncde i n  t h e  mmner ind ica ted  
al~ove: 50 perter-t of t ho  a c t i v i t y  was i n  t h a  g lobul in  f r a c t i o n ,  
32 percect  i n  t h e  albumin, 10 percent  i n  red  blood c j l l s  s;lB less 
than  1 percent  i n  t h e  p r o t e i n  f r c e  f r z c t i o n  c f  t h ?  plasAn. 
i n t e r e s t  t o  note  t h a t  i n  t h i s  f i m  ninut:: i n t e r v a l ,  t ka  l i v m  hcd 
removed 85 pcrcent of :ha t o t a l  rmmt  of r ad io - s i lve r  t h c t  vas 
a h i n i s t e r o d .  I n  a,, a d d i t i o n a l  esLmrimj?t a prepii-at ion of pu r i f i ed  

If is of 

r n t  g lobul in ,  t o  which raCio-s i lvs r  hzd been added,  as o-minis te red  
b intrcvenous i n j e c t i o n  a d  t h 3  cistr:l.bzti!.m of t h e  e c t i v i t y  in Ilh Ob 
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TABU I 

Tissuc - 
H a a r t  & L W S  

Splcon 

Blood 

Livor 

Kidnoy 

Bra in 

G.I .  T r a c t  

Bona 

E~uuscl3 

Skin 

Urinc 

F ~ c o s  

B i l e  Duct Ligctod kni~sls 

o r m q  

1.05 

-- 
10 e 8  

57.6 

5.67 

.12 

5.10 

3.33 

2.40 

4.08 

3.03 

6.85 

.35 

-- 
.70 

5.57 

2.64 

.078 

.28 

.17 

.021 

.11 

-- 
-- 

7 DtYS 

.56 

1.29 

5.96 

43.3 

6.56 

. OR7 

2.46 

9.07 

1.53 

2.27 

7.96 

18.8 

.17 

.75 

.45 

4.53. 

2.81 

.0%2 

.L5 

.15 

.014 

,067 

-- 
-- 

.13 

,11 

4.06 

2.79 

1.27 

. o s  

2i.0 

4.22 

2.21 

1.93 

, 00 

60.9 

.14 .046 

-12 ,004 

.29? ,849 

.308 3..25 

.e31 2.80 

.029 .013 

7.3 2.37 

.162 .G60 

.0%2 2.32 

.058 .609 

. 000 -- 
-- 31.74 

.015 

.004 

.066 

.l% 

,159 

.019 

.09 

.007 

.002 

,022 

-- 
-- 
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t h e  blood between t h e  g lobu l in ,  a l k ' n i n ,  
was 76 percent ,  18 percect  , a - d  6 p r c s . ? t  r e spec t ive ly ,  t h r e e  
hours  after adminis t ra t ior . .  Of t h e  t o t 2 1  2ose given, 80 p r c e n t  
was i n  t h e  l i v e r ,  and 15 Fercent i n  t h s  d i z e s t i v e  t r a c t ,  pre- 
sw-ably h a t r i a  beer, released v i e  t h e  b i l e  5:; t h e  l i v e r .  

red b l o d  c e l l s  

It w o ~ l d  appear t h a t  th; d i s t r i b u t i o n  of s i l v e r  b o t ~ e n  
t h o  p ro te in  z;d ca1l ; l lsr  c o n s t i t u e c t s  of t!m blood are i n  dynmic  
equili 'srium rr i th  emh ctkor a d  t h i s  very  poss ib ly  i s  mediated 
by the l i v a r .  
m e s t h e s i c  f3r 2n hour i n  t he  rat \ r i l l  nzrkedly delay t h e  excre t ion  
of r ed io - s i lve r ,  p re smzb ly  as th-s r e s u l t  of l i v a r  dunage. 
e f f e c t  i s  of a r eva r s ib l e  cha r sc t a r  s i n c e  i f  t5.e animals s o  t r e a t e d  
a r e  ellowe6 t o  recsver  f o r  a per io2 of frcn fou r  t o  s i x  days af ter  
t h e  chloroform mes theLiz ,  tlte appcrent n b i l i t y  of t h s  l iv r j r  t o  
excre te  r ad io - s i lve r  rc tur t ls  t o  nozn21. 

Lnother e x p r i x m t  ind ice ted  t h e t  a l i g h t  ckloroforin 

This 

-_I Radio-Indium. 
of ccirrier-fi*ee rciio-ifidiu3. - I n  Tcble I1 i s  prc?ser-ted thz r e s u l t s  
found 4 ane 16 days af ter  cn,7linistrLtion of t i l s  e l m e n t .  
be seen i n  t k a  cLse 02 rcdio-indium t h z t  considerable  deposi t  i c n  
t&es place ir t h e  l i v z r ,  sksletcc,  end skin.  
upt&ka i n  th.3 m s c l a  i s  ?;-esiJn;&ly r a l a t d  t o  t h 2  l a rge  mess of 
t h i s  s t ruc tu ro .  Tho .highest  ccncas t re t , ion  of redio-indium on a 
pe r  gram :?et weight Czs is  i s  t o  b.: r.Dttd f c r  t h e  spleen,  l i v a r ,  m d  
kidney. 
exception of t h e  b r z i a ,  h-va c3ng?rtbl.a m o w t s  of incliun? greser-t 
a t  t h z  4 d&y if i tcrvol .  
c o n c c n t r a t i m  of  th-: infiicn i s  s t i l l  y a s a n t  i r i  the  l i v e r ,  kidney, 
=id sploen but t h e m  h ~ s  beax f s ign i f i cLn t  d e c r s x e  a t  tLis l a t e r  
time p2riod. An tpprocicblo dccrGcse i s  r o t z d  i n  t k s  s:raletcn 2nd 
c l l  of  :.hc c $ t e r  s o f t  t . i ssu2s.  2 l i r i x t i o n  i s  F r i m r i l y  by way 
cf t h a  feces .  This ,  toqathGr v i t h  t h e  rzthai '  h i &  cozcer,trztiion 
i n  t h e  l i v a r ,  suzg,asts t::e p o s s i b i l i t y  th:-t t h e  b i l e  ney be tLe 
chief  route  cf axc r s t ion  r ~ f '  this e1a;rent. A nag l ig ib l e  mount  
of absorp t ion  t&es place f o l l c ' i n ;  stor; ,xh tube  aLn,inistrntion. 
It is not gosEiSle t o  do z o r s  with t h s  dzt.t3 i n  hcnd thm nssime 
t h e  lo-der lh i t  f o r  tht: absorp t i2n  m d  t h i s  value i s  0.1 p r c z n t  of 
t h e  ad&&stared dose, 

S tud ie s  hmva be311 csrrierl. out on tiie d i s t r i b u t i o n  

It w i l l  

The r s t h z r  hi&b 

Djoni. and t h e  n c j o r i t g  of' th-a s o f t  t i s s u e s ,  wi th  t h e  

At; $he 1 6  day inbs rva l ,  t h e  h ighes t  

The n o s t  notermrthy f ind ings  f r o n  t h e  G4 day radio-indium 
s t u d i e s  is t h a  co3tinucd aii r e l a t i v e l y  h i@ value of t h a  accumula- 
t i o n  i n  tho  pmcreas  wticl. i s  a c t u a l l y  s i g n i s i c a n t l y  h igher  than 
t h a t  at t h a  16 day intcrv31.  T k r s  does not seem t o  be eny obvious 
s o u r c j  o f  e r r c r  t o  n&.e t h i s  Gbsarv'ltion f s l s e ,  but i t s  e::pl2nation 
i s  d i f f i c u l t  . The ccncenxrat i c n  i:i o the r  endocrin? orgzns, 
no tab ly  3dren313, t hy ro id ,  t e c t e s ,  cppsnrs  t o  rennin r a t h e r  hi&. 
D w  t o  the 3.nr.11 size of ;ha edrzn-1s a i d  thyro id ,  t h j s e  observe- 
t i o n s  should be tam cs 5 c u z l i t n t i v e  r-ithsr t!inn quan t i tn t iva  
ind ica t ion .  The:- a r e  of ~ ~ f f ' i c i ~ ~ t  i n t e r e s t  t k n t  it is  d e s i r a b l e  
t o  repaat  thasa  s t u d i e s  a t  a hi;.:sr dIcs~.;= lev31 i n  w d e r  t o  
e s t ab l i sh  t h a  point  dafinitol; ' .  If is is  t r u e  t k t  thaso  endocrine 

I I f 5  1 0 8  organs show t h i s  c o n s t m t  p c i t s r r  of sa lsc t i t ' e  lot-lizztion, sons 
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Tissua 

Xenr t  
Lungs 
Spleen 
Blood 
Liver  
Kidney 
Mrmnls 
ThysoiL 
Lymph G l a n d  
Psncreas 
Br nin 
FLt 
G. I. T r x t  
Skeleton 
lZr sc 1 e 
Skin 
3y3s 
R t t u i t e y y  
Goncd s 
Urine 
F3 ces 

4 DAYS 

.19 

.56 
1.49 
2.96 

13.96 
9.57 
.I)% 

0 
.04 
.25 
.04 
.E& 

5.95 
16 85 
14.71 
17.86 

.02 
0 

1.12 
.63 

15.25 
99.99 

19 
.37 

1.84 
.19 

1.56 
1.51 

0 

.25 

.02 

.30 
1.09 

.46 

.12 

.42 

.04 
0 
.32 

-- 
-- 

-- 
-- 

. l o  

.54 
1.33 

.80 
6.69 
2.46 

.08 

.04 

.04 

.20 
07 

.15 
3.07 

11.46 
11.83 
16.38 

,12 
*34 

1.55 
.05 
.95 

1.47 -- -- -- 
.27 
04 

.16 

.19 

.24 

.11 

.45 

.82 .30 
4.19 -- -- 

1oo.03 
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i n t e r e s t i n g  cons iderz t iocs  are i;.mer!iately a2pnrent.  The f r e c t  i on  
of radio-indiuu absorbed follo??iilg adn?ir?.istration by stoinech tube is 
less t h m  .2 percect  of t h e  aurninistered d c x  under t h 3  condi t ions  
of t hese  exgeriments, ani! the re fo re  it mzy be coccluded t h a t  
c a r r i e r  f ree  rcdio-indium i n  t h s  form I n  Clg shows neg l ig ib l e  
obscrpt ion from t h e  d iges t  i v s  t r s c t  . 
--_- RLdio-Tin. The 1 day i n t  r m u s c u l a r  s t u d i e s  with radio-t  i n  hcvo 
bean cornplatad. This c c r r i e r - f  roe rcdio-eleaent  i s  absorbed wi th  
considercbla  d i f f i c u l t y  from t h e  s i t e  of i I i j ec t ion ,  there being 
nec r ly  85 psrcent  of  t h a  administer3d dose s t i l l  rx i a in ing  at  t h e  
s i t e  of i n j e c t i o n  at  t h e  end of 24 hours. 
during t h i s  i n t e r v a l ,  58 percent i s  excreted,  p r i n c i p a l l y  by way 
of the  u r ine ,  25 psrcen'; deposi tad i n  the  sha le ton ,  5 percent  i n  t h e  
kidnsys,  6 percent  i n  the  c!uscle, bid 4 p?rca,,.t i n  the  skin.  The 
rorfiining t i s s u e s  show no very  s t r i k i n g  dsgrze of uytake. 

, 

Of t h e  f r a c t i o n  cbsorbed 

Curium. The 256 dzy c u r i w -  s t u d i e s  have been completod znd t h e  
aZt2 s u i a r i z a 5  i n  Tablo 111. It v l i l l  be m e n  t h e t  tho pe r  gram 
contsnt  i n  t h 3  s o f t  t i s s u e s  i s  q u i t e  low En3 t h t  t h  concent ra t ion  
i n  t h e  ske le ton  s t i l l  r2nnins  high. 
t i o n  i n  t h e  skalotcln hzs  J o t  baon a l t e r e d  t o  L mansursbla daGrea 
throughout t h 3  e a t i r e  i n t a r v a l  of  these  s tud i2s ,  f o r  t h o  bono 
u p t c h  z t  one dcy cftor i : i t r a u s c u l ~ i r  i n j e c t i o n  has bacn found t o  
l i e  i n  the  r w g e  of from 18 pmcont  t o  24 percent ?ad i n  t h i o  256 
day cxparf;ient t h e r o  i s  22 p e r c m t  of tho  m t e r i a l  s t i l l  i n  the  
s;releton. 
cur iw.  accumulc?ted ifi thz ska le ton  7racedss a t  t h e  scme e x t r o ~ 3 1 y  
low 1 m e l  prcviously observed f o r  plutoni*un mi! ar,iariciu!. 

Radio-Ccdinium. 
r z d i o - c r d i m  as shown i n  Tablo  I V  tlict t h i s  dement  is s to rad  i n  
t h 3  l i v o r  t o  a r m c r h b l e  dasreo,  approxirnctley 80 percent of t h e  
d o s ~  cbbscrbal 1 day follc.:ling i n j e c t i o n  hzvirA& been concontrcted 
i n  t h i s  crg-n. 
s t r i k h g  x i t h  t h J  poss ib le  exceyt ion of r c t h n  high l o v e 1  i n  th3  
idranGls,  t h o  ; a c r s c s ,  and t h e  o v a r i m .  Inasmuch cs t h s  over ios  
md adronals  c r z  s n a i l  s t r u c t u r e s  i n  t h e  r z t ,  t h e  t o t e l  a c t i v i t y  
prasent  was low. For t h i s  recson t h a  v d u e s  given f o r  t hese  two 
orgais should bo cozsiderad or' Luc l i tn t ive  rcther t h a  c u m t i t c t  i v e  
accurccy. Thd f o u  dty s t u d i a s  showed t h c t  til3 hi* co:ytant i n  t h e  
l i v e r ,  kidney, 2nd 2 m c r e z s  s t i l l  pe r s i s t ed ,  nec r ly  75 percent being 
presont  t h a  l i v e r  zt t h i s  t i n e .  Star;ach t x b s  expx imen t s  a t  
8 dcys d t hz t  .25 percent  .hGd been absorbed from t h e  d ioas t ive '  
t r ccu , .  
q u a t i t c t i v o  s iga i f ica i ice .  The l i v a r  content  a t  15 dcy was 74 
porcsnt while at 64 says O I : . ~  well over 50 p a r c m t .  
concent ra t ion  i n  t h a  l i v e r  Goes r-ot s o m  t a  b e  t ho  r a s u l t  of simple 
e n t r c p e n t  by t h a  r e t i cu lo -ando tha l i a l  s y s t m  ir, view of t h a  f c c t  
t h a t  tile ?er  g m - ~  cozt2nt i n  th;. - s p h e n  i s  rGuc&ljr i j25t i ;  of tho  
corcont rz f ion  LA t h a  l i v x .  111 Ldfii t icn,  only c SciLI.11 f r z c t i o n  of 
t h e  ccdmiw. ronains  unzbs@rb>< et t h 3  s i t e  of' iILjaction, i:liic!i sug- 
g e s t s  t he t  t h i s  substcnce i s  fcirP-7 well mobilized cnd d i s t r i b u t e d  
throughout th2  body by t h 3  c i r c u l z t i o n  i n  soca solublo form f o r  i t s  
ev2ntual  d;.position m d .  r e t m t i s n  by tn.? l i - m r .  Ci' t h  0 t h ~  s o f t  

I n  f a c t ,  t h e  r ?pa re r t  cmcont ra-  

It ap?ecrs probcbla from those d a t c  t h c t  tho excre t ion  of 

Tho ono doy i n t r m u s c u l e r  s tud ios  w i t h .  c a r r i a r - f r e e  

, The contsnt  ir, t k a  o ther  t i s s u a s  wi i s  no t  pc , r t icu l? r ly  

i s  nc t  an upaer l i m i t  but is  c. m c s u r a d  vclue OB 
The high 
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Tissuo 

Hoax% and lungs 

Splcon 

Blood 

L i w r  

Kidnay 

G. I. T r r c t  

Bom 

-- 

2.ius c 1;: 

Skin 

Ur inc 

F C C ~ S  

pcr organ 

.094 

. il 

.035 

1.09 

.47 

. Oe3 
22.0 

.47 

,090 

6.05 

59.5 

?sr gran 

020 

.17 

.001 

.12 

.22 

.002 

1.36 

. O m  

. b03 
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T i s  slie 

f 'car t  
Lungs 
S p l e m  
BlGod 
L ive r  
Kidney 
Ad re nuls  
Thyroid 
Lymph Glm-ds 
Pencrms 
Erain 
Fat 
Tseth  
Stomach 
Sncll I n t e s t i n a  
L3rg2 Intdsr;ir?c 
Bone 
]:us c l o  
Skin 
Cvcrios 
P i  t u i  t ~ f l ' ~ r  
ZYCS 
'u'rina 
Faces 

pe r  orgnn 

.244 
,226 
.244 
,271 

77.80 
3.93 

.043 

.011 . (353 

.771 
,019 
.021 
.013 
.432 

4.23 
2.50 
2.42 
1 .oo 
2.50 

.c73 . GO8 

.011. 

.207 
2.95 

99.99 
-- 

$ p e r  grm 

.338 

.013 

.451 

.021 
10.19 

2.5c 
.958 
,376 
.489 
.977 
,011 
.041 
.147 
.301 
,639 
.564 
.015 
011 

,092 
.714 

.038 
--- 
--- 
- -- 

1 1 1 5 1  1 2  

. 
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t i s s u e s ,  tho pancrocs conta ins  q:,:ita 2 concentrnt ion per gram w e t  
weight of the  c z r r i e r - f r e e  rcdio-cadmium, it bai-rg exceeded only 
by t h e  f i v e r  and kidneys,  
ske le ton  accunulates  very  l i t t i e  of t h i s  e l e m x t ,  bona being less 
a c t i v a  on a per unit weigkt basis thm c l l  of t h a  20 t i s s u e s  
s tudiod wi th  t h e  oxc3ption of h e a r t ,  muscle, b ra in ,  fa t ,  m d  skin.  
Excret ion of c z r r i e r - f r a e  radio-cadnium is  q u i t e  slov and :Lost of 
t ho  e l imina t ion  still cont inuas by way o f  t h e  d iges t ive  trcct. 
poss ib ly ,  e l imina t ion  i s  by way of t ho  b i b  although as ye t  t h i s  
point c m  only  be speculc t ive .  Exparimmts nre now i n  prograss  t o  
see t h 3  e f f e c t  of small  m o u n t s  of c m r i a r  t o  detarr;lina i f  t n e  
presence of i n e r t  cad;iium may a l t e r  t h a  o v z r - c l l  metabolic p i c t u r e  
of t h ?  d i s t r i b u t i o n  of t h i s  substar-co. 

It is  of i n t a r e s t  t o  nota t k c t  t h o  

V e r y  

Rcdio-Antimony, Tzblo V suimcrizos the  r e s u l t s  of t h a  on3 a i d  
f o u r  dny int ramuscular  s tud ios  ::it5 cc r r io r - f roe  rYi io -<x t  iixony. 
It is  soan t h a t  t h i s  slman+J i s  r z t z ined  i n  t h e  body t o  a r c t h e r  
KLinimsl dsgrse. 
day folloi!ing intr-muscular  i n j e c t i c n  VJZS elinincttcd,  most of t h e  
&itimony be ing  sxcratod by acy of th;? kidnzys. 
concsn t r r t i on  por organ, 2s v r ~ 3 1 1  8 s  F o r  g r m ,  a t  both t ime i n t e r v o l s  
t ~ns  found t o  bc i n  t h 3  blooG. 
only t i s s u a s  containing occur s t ly  reasurr-blo quantities was t h e  
blood nnC skelaton.  
percezt  2s con t rz s t ed  t o  2 percent i n  tne 4 dcy i n t e r v e l .  I n  o t h e r  
words, r z i c c t x  of this radic-elomofit froci t h s  blood &ppmrs  t o  be 
very slow. This ph-snonme is s t r c n g l y  romioi,scent of  t ho  t ehcv io r  
of a r sen ic  i n  t h 3  rzt with t h d  excaptior, of t h o  f a c t  t l iot  t h3 re  i s  
roughly 20 tims as much cer r iGr- f rea  radio-azsonic dogositad i n  t h s  
blood fis compared t o  c e r r i a r - f r s e  rzdio-mtimony. 
was found tha t  npproximatolg 96 percant  of thd rzdio-ui t  Licny had 
been e l in in - t ed ,  chi.zf'1j by :fay of' t ho  kidnays. Xost of t h a  antimony 
ra!!,,cir?ing unexcrsted was pz'assnt i n  t h s  blocd, t ho re  being appro;:imtely 
1.3 percent o f  th.2 cdminis icrsd dose prljsent i n  t h 3  bloGd cftm t h i s  
t im i n t  orvnl.  

Approximataly 95 p a r c m t  of thr? doso abswbed one 

The h ighes t  

Af t e r  15 dzys it wcs found t h a t  t ha  

Tha L-rmzS3 c c n t m t  i n  t h 2  b lood  wcs 1.5 

Mtur 52 d3y3 it 

It I s  plcnned t o  p z g t r e  end a c h i n i s t e r  much h i a c r  levels 
cf rndio-anthony i n  o. c z r r i s r - f r a e  s t z t e  i n  order  t o  secure enough 
a c t i v i t x l n  t h 3  o t h a r  t i s sxs  t o  ? e r a i t  cccurc te  df ta rminc t iocs  cf 
t h o l r  a a t m t  of t h i s  f i s s i o a  product. The i n t e r p r o t a t i o n  of th.3 8 
&ay stannech tube oxpor imnta  Xi th  radio-mtiqmny- i s  randercd d i f f i c u l t  
due t o  t h e  f a c t  that  even if a k r g 2  s h m a  of t h s  u t i m o n y  war0 absorb- 
ed,  it would bo excrotcd n i t h i n  a w r y  short  t ine and thus  not appocr 
i n  t k o  vor ious  t i s s u e s .  Bowirer,  it i s  c3,xrant thc2t an uppor levo1 
of o r e i  zbsor2t ion o f  fror;, 2 t o  3 percant m y  be s e t .  The c z p l c m t i o n  
f o r  t h i s  i s  thc t  tho  p"rcnter?.l nLn in i s t r c t ion  of carr%iV-froo rzdio- 
nntimony is fcl?otrod by excre t ion  pzim-rily i n  t h o  u?:._?s, t h 2  r a t i o  of 
excrct ior :  b s t w s n  t h s  kidn6j.s and t h  d i g o s t i v s  t r n c t  being apprcximntely 
5 t o  1. Incsnuch cs 97, pGl*CG;it of th;: m.tsri?l CdniniStd.r8d by 
stomnch tube  eppoard i n  the f eccs  and only 3 23rcent i n  tho  u r ine ,  
t h a  cbsorp t ion  from t h 2  digZstivi3 t r t c t  ;auld cppccr t o  bo loss than 
3 percent .  A more quantitntiiTt: evcluntior,  of t h i s  point  car- only ba 
eccomplisha3 by ths cdministrr . t ion o f  P r o n  10  t o  100 times t h e  dose of I 1 5  I I3 

. 
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T i s s u 2  

€:e crt 
Lungs 
SplGsn 
Blood 
Liver 
Kidney 
kdrenals 
Thyroid 
Ljjrqfi Gland 
Pmc r 3 os 
Brain 
Ict 
St oniach 
Sm I n t a s t i n e  
Lg I n t o s t i n o  

iRiscle 
Skin 
P i t u i t  m y  
Eyes 
Gonads 
Urine 
Focos 

-- 

m a  

5 por  orgon 

. O M  

.027 

.221 

.123 
0 
.003 
0 
.004 
0 
.001 
.016 
.071 
.142 
,784 
.140 
.133 
0 
0 
.005 

60.68 
15.42 
100.00 

304 

1.91 

upor gram 

.022 

. lo3 

.044 

.133 

.027 

.074 
0 

0 
.003 
0 
.001 
.GO8 
,009 
.030 
.053 
.001 
.004 

0 
.004 

--- 

--- 

--- 
--e 

5 per orgcs  

,007 
,239 
.026 

.120 

.065 
0 
0 
0 
.006 
.005 
.001 
0 
.030 
.019 
.915 
.lo8 
.087 
,002 
.005 
.004 

2.04 

77.45 
18.86 

l K 0 T  

36 ?sr grm 

.007 
. .I58 

.036 

.128 
,012 
.032 
0 

0 
,005 
.004 
.001 
0 
.004 
.002 
.034 . co1 
.002 

,015 
.001 

-e- 

-- - 
--- 

. 
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r a d i o - m t b o n y  emplcycd, r:hic11 i s  s t i l l  b a l w  t h 2  13~31 Tie f e e l  w i l l  
produce o i t h o r  l o c a l  r c d i s t i o n  dw.rge t o  t h ?  d i g e s t i r e  t r c c t  o r  
gencrc l izcd  r a d i a t i o n  i n j u r y  t o  t h  r e s t  o f  t h s  body. 
obs tec le  t o  b s  notod followillg Loth pcronterc l  and stoncch tub0 
adrfi inistrcticn v!ith l n r g a r  dcsm of radio-antimony arises from the  
quit.2 formidcblz r rdio-chonicnl  proczdurzs ncccssery t o  isol,n,te t h i s  
r.c.;crial i n  t ho  c r r r i z r - f r a o  stets with an edoqunt2 degrao Of rzdio-  
cnor.iicfl. p u r i t y  f r c n  th2 d m t s r c n  bonberda3, t i n  t c rgo t .  

TxhnGtiun.  
of tochnoGium has przsontad some most sor ious  obstccl-cs i n  the  0ssc:r 
work vrith t h i s  substnncz. i:;:cy tachniqucs kav3 b2en explorGd inclu2- 
i n g  seve ra l  t ypcs  of d i s t i l l a t i o n  procaduros ES w11 8s wot cshii-4 of 
t h s  t i s s u o s  follovjaa by co-proc ip i te t ion  of t h z  technotiuii  v i t h  gold  
m d  plctinum s u l f i d e s .  
cffcrs  t h c  grx-test  promise of my o f  t i le a e l y t i c o l  msthods enployod 
t h u s  fa r ,  elthough i t  has t h a  proround disadvzntags of b3irL;; 3. very  
lriborious and t imd cocsuzing !uthod.  
r u s  i n t o  d i f f i c u l t y ,  sincc! i t  is  m c a a s r r y  t o  sub j sc t  t ha  tissws t o  
prs l iminary wet nshin;. 
of t h ~  tachnctiu;.. t:.icas $ocs. 

Tho major 

The v o k t i l c  na ture  of a l a rgo  proport ion of t h a  compounds 

It xould ::ppeer tha t  t ho  d i s t i l l a t i o n  tschniquo 

Tlio co-proc ip i ta t ion  t o c h i q u a  

It is  at this yoint t?-ct tiiC excsss iva  loss 

I n  ordor  t o  c i r cu -wor t  thtls-. l i n i t c t i o n s ,  short  term 
oxporimcnts hsv;. been don2 usi;ig f,!:~ 110 hour t c c h o t i u m  isc topo  
t h a t  amits  50 k i l l i v o l t s  gp~ia roys.  T:iz d i s t r i S u t i o n  of tx l ino t ium 
i n  th,: t i s s u d s  2lr.d oxcrztz  'xs ms::.snrs& by count ipz C i r s c t l y  t h 2  game 
ray Ect iCi ty  of thc: v a t  spdsimp,s,  g rcccut icns  bzing t&kon t o  oxciudo 
m y  b s t n  r r y s  o r  conv2rsion c l c c t r c n s  by 33f.ris or' elufrAmun f i l t o r s .  
ih:: i nconp lA3  r o s u l t s  in2icc.ts t h c t  t h i s  r?.dio-slemont i s  cxcrctzd 
fcdlowing i n t r o m s c u l z r  z h r n i s t r a t  ior, ir. t h o  r z t  wi th  m. ex t r ami l in t ry  
dogra2 of rc=gidity,  t!,cr.3 b?ii:s cpproxinct j l y  95 p r c e n t  2liminnt >d 
:!itkin 24 hoxrs,  with th :  k i d m y s  t icting as thd  p r i n c i p a l  c h m a l  of 
oxcr3t ion. 

Bzdio-Actinium. 
conplcted in sc fz r  as nshi rg  tho  s m p l e s  is concerced. 
mecsurcd t o g c t h t r  with t n z t  of t ho  b o t s  r z d i c t i o n  from thd short- l ived 
daoccndmtn of  AcX. 
only bo yioma rt prosec t  ils b s i n g  o f  q u z l i t c t i v o  s igni f iccnco  inns- 
much as  t h o  q u i l i b r i u n ;  l ~ r . , l s  havs not  b m n  es tnb l i shcd  f o r  tha v r r i o u s  
dcscaxTants of t h o  nc t in iun .  Theso mscsurx imts  wars m d 2  approxiha t t ly  
on8 month a f t e r - t h o  t i m e  t k t  t h G  c c t i n i u n  so lu t ion  wns cdminiatcrcO 
which cont+iinod oqu i l ib r iu?  a n o u t  s of r td io - sc t in i im  md actinium 
X. Tho p r o w e  ion of r c 6 i o c c t i v i t y  GdTinistsred t h z t  VJCS cccwuh t t cd  
by t h s  l i i -er  ' m s  found ct tho  tin3 of  t h c  marsuromcnts t o  be rpproxi- 
mctol.; 2'3 r)O?:nnt, cad t he  corresponding vcll.il> ?o r  '.;ne :"IS 34.5 
psrcai';, L 5::migh ct t h a  mommt e prcc isa  CZ:!;iil:.'dL?> c f  Y:hn+, f r s c t i o n  
of tho,-,; vr: , ! .*i35 r 2 p r s s x i t s  r-ctiniurn i t s l f  c x x t  ' 3 3  m n i l l y  mnik ,  it 
is  prd,.:ic,%?i aiict thc: t rue  i s v s l  of octinium i n  t h z  l i v e r  t i l i  probLbly 
risl: t o  npproxia;ztcly 60 percont r-nd t h i t  of t h o  skoloton v i 1 1  f a l l  
t o  20 pcl-cdnt. 
t h t  tnu  s i w i f i c z n t  f r x t i o n s  of rcdio-thorium em3 AcX s t i l l  present  
i n  thi: tissm s m p l o s  from thd i n j e c t 4  c -z t z r i c l  crc not occumulcttzd i n  

I I 75 I 1 5  t ho  l iver  t o  a y  s i g n i f i c c n t  dcgrw a d  show a hi&? x c u q u l c t i o n  i n  tho  

n 

The 1 dcy radio-cctinium t r o c c r  s tud ios  have boon 
Tha z c t i v i t y  was 

It should be point3d out t h e t  tncso  dcta czn 

Tho vc. l idi ty  of t h i s  p rvd ic t i cn  is b a s d  on th2 f a c t  

. 
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bono, since t hzse  two r rd io-e lm?r i t s  c rc  i:;otopos of thoriiun and 
rcdium rospcctivGly. To s u n l m z r i s G  th2  s i t u c t i o n ,  it a p p e v s  both on 
t h e  basis o f  t h e  t r c c o r  s t i idi3s  md t h 3  rad iomtogrzphic  experiments 
t h c t  t h a  m t i n i u m  is deposited fo l lo \7 ing  intramuscular  i n j e c t i o n  in 
a ncnnor ve ry  inuch like m a r i c i u n ,  curium, a d  t h s  l c s t h r n i d e  rore 
cart hs . 
-- Cerium. 
moat i n  which I group of 3 rats recs ived  t h i s  l o w - l i v a d  f i s s i o n  
product i n  a cc r r io r - f roc  s t r t e  by i n t r m u s c u l n r  i n j ec t ion .  
nc to ly ,  t h e  rccovsry  v d u c ,  i.s. t h e  f r c c t i o n  of rr,ccsured c c t i v i t y  
from all t i s s u s s  a d  oxcr&e, h r s  been found t o  bz 65 w r c e n t  of 
t h e  administorad dosz. 
appcront.  
imdequato  f o r  t h s  quant i ta t i l -3  i n t - r p r s t o t i o n  of t h o  detz, :i~c w i l l  
r e p x t  t h i s  p c r t i c u l a r  expe r imnt .  
t h a t  t h s  concent rz t ion  of cerium i n  t h z  ske le ton ,  l i v s r ,  and most of 
t hd  o thz r  o r g m s  2nd t i s s u e s  2% t!iis t h e  i n t n i r a l ,  on both t h e  p e r  
o r g m  and p z r  g raq  wet rveizht bzsis, b2comes essmt i a l l y  i n d i s t  inguish- 
ob19 froin t h o  256 dcy d r t c  obscrfod f o r  ixoricium a d  curium if 2 
cor rec t ion  i ' rc tor  f o r  thls ca r iw ,  d z t a  . .  of cpproximctoly 1.58 i s  n2pliod 
t o  conponszto f o r  t h s  lovr rccovsry.  e bsliat-o t h c t  such =, c o r r s c t i o n  
is probzbly racsonzblo i n  l i g h t  of t h a  f n c t  t h & t  t h o  most proboble 
source of e r r o r  wcs tho  dotcr::.lnction o f  t h o  corium contant of t h e  
cxcro ta  dur izg  t h o  first nionth of theso  s tud ios  r=nd it rill 56 r3- 
ce l lod  t h c t  it vics during t h i s  tin2 intorvc.1 t h c t  most of t h o  cerium 
 VI^ exc r s t sd  from t h z  body, p r i n c i p l l y  thz  l i v o r .  

I_ Ur?,r,im 233. Thi: 64 d c j  i n t r m u s c u l x  s o r i z s  wi th  U233 hL1-e b e m  
c o 9 p l - t d .  9.11 pcrcont 
of  thz a h i n i s t a r e d  u r x i m  is found t o  b.? p r s s sn t  i n  tho  s k d e t c n  
a t  t h  2nd 3f t h i s  i n t m - a l ,  t h i s  v:;iue boing t h z  cvsr?sc of t h e  
obsor-csd d2posf t ian  i n  throa  rcts. 
cny s ign i f i c -n t  dzgrco of ro tmt i ion  ct t h i s  extondad tin3 i n t c r r z l  
I ' m  t h o  kidney v i t h  0.23 pcrcont of t h s  zdr?.inistsred dose. 
grm c o n c o n t r c t i m  i n  thz  bons, no t  v:eight, is  apprren t ly  t x i c a  t h z t  
i n  tho  kidnoy. 
t hose  which havs been obsarved by o t h x ?  workers w i th  t h i s  subs tmc3 ,  
notcbly thoss under  t h s  d i r e c t i o n  o f  Zoctor Tznnabzum i n  Chicago, ?.nd 
t h s  Rochestor group. It would appczr t h c t  urmiurr  i s  not hc ld  i n  the 
bone quite ZB t i g h t l y  cs g t h s r  membors of t h z  cc t in ido  s e r i e s ,  t h e  
lcnthnnfba.  olmcat s, z i r c c f i i x ,  yt , tr iun,  znd t h z  two a l k i l i n o  x r t h  
menbars, b 3 i u . T  and strontium. 

The assays hav2 b2en conplstod on a 256 dcy cerium experi-  

Unfortu- 

Th2 o r i g i n  of t ho  e r r o r s  involvsd cre n o t  
I n  v i m  of t h i s  l e v e l  of r o c o v o q ,  i-lhich mo cormidor 

I i o x n s r ,  it i s  of i f i t a res t  t o  notc  

Tha mr.jor po in t s  or' i a t s r e s t  CTO ?.s follov!s: 

Th.3 only o t h e r  t i s s u z  t o  show 

The pc r  

Thess r o s u l t s  cre qu i t2  sinilr-r i n  rmny rospocts  t o  

- Rcldio-Zirconium. 
s t o c x h  6ubz haire b3sn sa t  up 'dith c z r i d r  frss radio-zirconium. These 
r a p r s s m t  a r o p t i t i o u  of  exp2rincnts  dcn2 ssi-ar2.l yozrs  ago i;hich were 
f G l t  t o  be unsc t i s fnc to ry  v i t k  rospsct  t o  q u m t i t c t i v s  nccurccy. It 
VJC",,~ f e l t  of vzlue t o  o s t c b l i s h  mor6  c k r r l y  t h ,  prsci3o lave1  of 
nccumulrtion of t h i s  rz2iL3-olcrnvnt i n  thu d i f f  srmt s3ft t i s s u z s  m d  
t h  slrsloton rt v a r j i n g  intzr-;: Is a f t G r  p - . r e n t m d  nd.xinistrztion. 

Comgleto t r z c o r  s tud ie s  both i n t r m u s c u l o r  and 

1 1 1 5 1 i b  I 
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Doccnt , x i n z t  iori 3tud 12s 
--I- -- 

- E f f s c t  of Zirconiwi; Ci t rLte  on tn;. D i s t r ibu t ion  2nd Z x c r a t i m  cf 

--- Hoxcv-:lant P lu t  cnium. - 

thd u r inc ry  cxcro t ion  of Pu, 2nd rGduc2 thc  mount  dzposi tod i n  t h z  
s h l e t o n  (J .  Sckubsr t ,  S c i m c c ,  105, 389 (1947), 2nd p r o j x t  l i t e r l t u r o ) .  
It oppitars t o  b;: one of t h e  nos t  prcmising dc-contwAnzticor. procedura 
t h u s  f c r  proposed. 

T r x t m n t  v;ith zirconiunl c i t r a t c  hcs  beon shown t o  incr;cse 

To s tudy  f u r t h e r  t h s  e f f ec t  of z i r c o n i m  on th.: d i s t r i b u t i o n  
?.nd exc re t ion  of plutor i iu!  
i n j o c t i o n  of PU (VI) i n  rrts. k so lu t ion  of zirconium c i t r z t e  (22  ,mg. 
Z r / m l . ,  pI1 6.0) vizs i n j s c t e 9  i n t r z p e r i t o n z c l f y  i n t o  f i v s  onimcls 24 
hours pravious t o ,  s h i l t m z o u s l y  with,  and ;It 24 a d  72 hours  fol lowing 
t h 3  i n j s c t i o n  of 28 fiicr0grLT.s of haxwa len t  p l u t o n i w  i n t o  t h s  t r i c o p s  
2r.x of t h ?  -.i?iim-:ls r i g h t  2rr.s. 
ml./kg. 
s c d i m  c i t r n t e  s c l u t i o n  (5.2 ml./kg.) ct t h s  srme timo i n t m v o l s .  
t h i r d  p o u p  cons is tcd  of 3igf;t untrcnted plutonized cont ro ls .  
a n i m l s  usad ):arc nciult fon%lo  r c . t s  Tuoighing Zpprox imts ly  250 g r z i s .  
The mimcls w r o  nr-.int?.insd on stock d i e t ,  a d  vicrc s x r i f i c o d  
on thi: e igh th  dcy. 
end of t h s  f irst ,  second m d  e ighth  dcys. 

It W i l l  b3 notod t h z t  tn,? scdium c i t r c t c  h a 3  no cpparcnt e f f e c t  on 
t t c  d i s t r i b u t i o n  o r  excrot  ion of plutonium, Eovovor, tho  2 n i i e l s  
t r x t c d  wi th  zirccnium c i t r z t e  re tc in2d  onlj: hclf 2s much Pu i n  t h o  
C O T C ~ . S S ,  t h i s  d i f fo rencs  be ins  cccountsd f o r  by I modarcto docrozse 
ir thd cbsorpt ion f r o m  t k . 2  s i ts  of ir , jsc-bion :-ad c two-fold incranse 
i n  u r inc ry  cxcrot ion.  
by J. LchubsTt. It w i l l  be n@t,3d, hoimvur, t h e t  t h a  fscc-l  excra t ion  
was lower i n  t h a  Z r  trczt.t,.d c~iimcls.  

xcForimi3nt ;vcs s o t  up i cvolv ing  thd  

The dosa of z i rc0ni .m c i t r 2 t c  was 6.5 
A sGcon3 group of  f i v e  a i m - 1 s  TICS injocti td with 12.5 percent 

A 
All 

U r i m  iiild foc=s  wcro collzctssd s c p a r r t e l y  r,t t h e  

Thc r e s u l t s  ?.re shovln i n  t h j  cccm7mying  t c b l c  ( T r b l o  V I ) .  

T h a s  r ;sul t  s confirm thc r 3 s u l t s  obt aincd 

E f f  oct  of Zirconium CitrLzo on  t h j  D i s r i b u t  i on  and Excret ion -- of 

o f  Quadrovclsnt Plutonium. 

I n  t h s m  exp0rincr;ts t h z  r z t s  used wero mcturc r d u l t  fem2les 
woighing 200-250 grams. 
colony d i e t  thrcughout t h z  oxperinant.  
(qucdrzvzlcnt)  vies 28 cicrogr?.'w i n  1/4 cc i s o t o n i c  s a l i n o  at  pH 2. 
It WLS administorod by i n j o c t i o n  i r i to  thu musclss of t he  t r i c s p s  
crcc of t ho  r i g h t  c r m ,  o r  by i n j o c t i o n  i n t o  tho  l o f t  sx txf ia l  j ugu la r  
vain.  T r c e t m a t  CGnSiSt2d of i n t r - p x i t -  ;ix.l i n j o c t i c n  cf  c s o l u t i o n  
of zirconium c i t r o t c  T t  pE 6 ,  vhich contciaed 25 rrg. zirconium per  CC.  
U r i u  2nd f aces  v;'il)rc c c l h c t  ed sc;zr-.t cly z.nd t.salyzsd f o r  F lu t  onium, 
i?s IKLS t h e  l i v e r ,  kidney, fomur ?nd czrc?.ss, 
plutonium content  of t h e  right and l d f t  ?.re3 g?.v:v,: e mr3zsurc of t h e  

Thoy ivora mainteined on thc! r agu lo r  s tock  
Tho dose of plutonium 

Ths d i f forencc  i n  t h e  

I l 1  
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- .  TABU VI 

Effec t  of Zirconium Citratc 2nd Sodium C i t r a t o  on Pu (VI) 

right 

Carcass 
Fomur 
Livcr 

Urino 

Focos 

Rocovory 

arm 

24 h r s  
48 hrs 
0 days 

T o t a l  

24 hrs 
40 h r s  
8 days 

T o t a l  

controls  ( 8 

Unabsorbed i n  
47.2e.O - 

3.3+1.1 
0.3TO. 2 
0.6'sO. 2 - 
4.2 

0.8+0 4 8 
1.OsO .7 
7.174.5 - 
8.9 

96.9+7.9 - 

34.3+6.4 - 55.9+11.9 - 
27 .8+2 -4 14.6+3.8 
1.850.2 0.650.1 
6.421.6 4.470.8 - 
2.4+0.2 
1.070.4 
0.8YO. - 1 

4.2 

l r5+1 .0  
2 . 570.9 
5.571 - .O 
9.3 

R7.0+6.4 - 

6.4+4.2 
2.950.7 
1.2+0.2 - 

10.5 

0.1+015 
0.270.5 
2.9'7b. - 6 

3.2 

91 6 +6.7 - 

(V31u03 given arc cxprosmd as per c m t  of tho  a h i n i s t o r e d  dosc of Fu 
plils or minus tho strnndsrd dcvict ion)  

1 1 1 5 1 1 8  
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plutonium rcmziining a t  tho  s i t e  of i n t r m u s c u l o r  inject ion.  
consis tod of 20-40 4. zirconium cdminiatersd 1 4  hours  p r i o r  t o  tho  
i n j o c t i o n  of p l u t o n i u ,  3.d 0, 24, cnd 72  hours fol lowing t h e  dose 
of plutonium. 
c?rd shown i n  TF-blS VII. 
t h o  t o t a l  plutonium absorb2d f r o s  t h c  i n j e c t i o n  sit,?. 

Tractment 

The ra ts  wero s c c r i f i c o d  r f t e r  e ight  days. 730 r e s u l t s  
Tho values given are oxprosscd zs porcont cf 

TABU '111 

Unnksor3sd 2.t 

k j c c t i o n  s i t e  
( 5  of doss GI Pu) 77.1'1-9.6 87 .9q .9  

Porcont of a b s x b s d  pu 
Urins 0-24 h r s  0.09--0.04 9.628.8 

24-60 h r s  0.4 4.4-2.6 
2.621.7 - 60-192 h r s  -- O.Zt0.2 

Total. 0.8 

Feces 0-24 h r s  1.820.9 
24-GO hrs 0.950.2 

60-192 hrs 4.520.4 - 
Tot21 7.2 

Femr 3. 020 .4 
Livor  9.721.4 
Carccss  76. t37 

16.6 

2.522.6 
1.720.8 - 4.121.7 

8.4  

1.620.9 
10.523.5 
62 540 

82.4%. 7 

17 .g5 .9  
10.422.6 - 2.6t2.6 

30.6 

4.624.6 
1.320.3 - 3.320.7 

9.2 

1.420.6 
11.822 .O 
48 i 1 4  

ri?.,ose resul ts  show 3 trsmondous incroose i n  t h c  u r ina ry  
excretion of zbsorbdd plutonium i n  t h o  t r s a t o d  mirnzls, as comparcd 
t o  th3 con t ro l s  i n  which u r inc ry  cxcrd t ion  was a lnos t  nac l ig ib lo .  
Thorc wos l i t t l c  difforoncc i n  f e c z l  o r  l i v a  ?u, but tho  c o u n t  
dopositod i n  t h s  fmur ?lid rot3inGd i n  t h s  ccrccss  was l o s s  i n  t h e  
trcx.ted x t s .  

Exp2rirnents were ?.is0 conducted i n  which t h 2  rats wqro 
in j ac tod  wi th  25 mg. Y k  (2s  c i t r c t c . )  ct 2 1/2, 60 2nd 120 hours z f tc r  
t h 3  administrct Ion of Pu( I V )  i n t rmancus ly .  
s a c r i f i c a d  a t  tho  end of 7 d c y s .  ThJ rQsults crc shocn i n  Toble V I I I ,  
end arc cxprcssod CS pcrcont of t 3 t z l  plutonium racovered. 

Tho a i m n l s  wsro 

I I  J5I 1 9 1  
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Urino: 1 1/2 dcys 
7 days 

Tot21 

Focos: 1 1 / 2  days 
7 days 

T o t a l  

Carcass 

Controls ( 5  rz t s )  

1,150.3 
1.250.5 - 
2.3 

6.8t1.4 
13 4*5. 7 

20.2 

- 

15.52418 
2.1:G.8 
2.9-0.8 

57.028.8 

Trectod (4  rcts) 

33.028.6 
4.520.9 - 

37.5 

7 . 122.0 
10.225.5 - 
17.3 

18.3t5.2 
0.770.1 
1.0-0.1 

25.029.2 

Those r e s u l t s  ?.lso shm: 2 @-art incioaso i n  t h o  oxc r s t ion  
of Fu(IV) i n  t h o  urino i n  thcr t r o i t o d  mimels, 2nd I s i g n i f i c q a t  
( t h r o a f o l d )  dccroaso iri tho movnt  of plutonium deposit06 i n  tho  
fomur ai3 r s t - inod  i n  t h ~  c m c 2 s s  and kidnoys. 
cppccr t o  bo tny s i ( ; n i f i c * d t  difforonco i n  t h a  f a c l  o r  l i r i m  Fu. 
Ths r s l a t i v G l y  high velua f o r  t h a  l i v m  m y  i n d i c c t o  t h a  prosence 
of corn3 c o l l o i d a l  Fu In  tha  i n j s c t s d  dcs,~. 

incrczsod th2  e x c r s t i o n  of Pu(1V) ir, t h e  ur ino,  vlhathor t h o  plutonium 
l'ms o d n i n i s t x o d  htrclmusaular ly  o r  i n t r m ~ n o u s l y .  
s i g n i r i c a n t  docrocso i n  t h o  mount  of Pu e q o s i t c d  i n  tha skoloton 
m d  rotcinod in t ho  corccss. 
g r o a t o r  wi th  t h o  l n r g o r  dose af %r, suggsst ing t h c t  it m y  bo a 
%&rri~zP of foc t .  Yo s i g i f i c m t  chw*g;a i n  l i v o r  or f o c z l  plutonium 
was obs&%od cs a r o s u l t  of t r o c t m a t .  I n  t h a  c ~ i n c l s  i n joc t ed  with 
Pu intrtglrsculc.rly,  thd mount  cbsorbcd from thr: i n j x t i o n  s i t o  wr.s 
30 smell t h c t  orzly a smll p a r t  of thd t o t o 1  aiminis tarod doss wcs 
absorbod tlnd subsoquent l y  circrotod. Howover, i n  t h c  i n t  rovonously 
in joc tod  c x i a c l s ,  thd incrcasod u r i n a r y  oi iminzt ion amount& t o  
ovor 000 t h i r d  of tho t o t a l  doso. This  confirms t h  r e s u l t s  of 
t ho  provious exporimcats wi th  Ri(V1) and ind icz tos  t h a t  t r a a t m n t  nay 
hcvo 2 very roc1 vcluo i n  docontcninntioii. 
bo of valus i n  studying cortr-in f 'undmentel  p r o b l m s  i n  plutonium 
mot cb olism . 

Thora d o w  not 

Ona moy concludo t h c t  trmttner,t w i t h  z i rconiun ci t r? . tc  g r o a t l y  

Thcro nr3 a l s o  o 

Tho o f foc t  oc u r i n m y  oxcrot ion wcs 

This  proc2durs should also 

* .  
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Effec t  of Zirconium Troatmoct 2- t h s  Zxcrat ion 2nd Qody D i s t r i b u t i o g  

of I n t r m u s c u l a r  Y t t r i u m .  

T rx t in sn t  with zirconium c i t r c t o  h2.s bocn s h a m  t o  i n c r x s o  
t h o  u r ina ry  cxcra t  icn of both q u c d r 3 v d ~ n t  !:ad 'ho;:cvolant plutonium. 
In tiiJ proscnt  cxporiment, t h o  c f f o c t  on t h s  oxcrot ion cf intrc- 
musculcr y t t r i u n  was i nvos t iga t cd  t o  dotern ino  vrhothm similar 
r e s u l t s  might b s  obteicod and t o  tes t  thd uscfulnGss of t h o  x s i l y  
noasurod b c t a  nc t ivo  yttrium i n  p l x e  of plutonium. Tha i so tope  
used YJCS Y90 f o r m d  from Sr90, and p r e p r e d  f r c o  from t h z  pc-ront 
s t ron t iun .  
a d  contained 1-2 microgrc i i  of yttrium. 
mcture fmclc r a t s  woighing around 250 grms. T h y  v o m  i a j o c t s d  
wit!i r zd io -y t t r iun  i n  t h G  m s c l o  of tho  t r i c o p s  &ma of tho  r i g h t  
nr:n. Zirconium trsztmcnt  consis tod of 40 mg. zirconium cs c i t r a t e  
ii1;x 333 i n t r c p s r i t o n m l l y .  
ixl.L.,*i.:?.4,sly o f t o r  t h a  dosc o f '  rzdio-yt t r ium iiitt  c subssqucilt doso 
01 zLxSL:iw, cna dey l ? . t G r .  
Zii'Cc,hllrm one dcy bGforc t h t  y t t r i u rn ,~ I~Jh i l e  t h o  t h i r d  grouQ wcrc 
givon z i rconiun  4,2, and 1 dcy p i o r  t o  t!i; yttri'm. 
rcts scrvod c a  con t rc l s .  
dcy f o l l m ~ n ~  
oxcra tc  w31v anzlyzcd for rcldio?.ct i v s  y t t r i u ! .  
good i n  211 C?SJS. 
crc shovln i n  Toblo IX. 

--.-.___- 

Tho doso wcs cpproximctoly 25 microcurios  vhon in joc tod  
The znimcls used wore 211 

All t h o  trsctal r2t3 rocoivad z i rconiun  

I n  A d i t i o n ,  t h c  sacond group rccoivsd 

Fivo untreztcd 
Tho -nimcls v?oro s r .c r i f iccd  on the t h i r d  

r c d i o - y t t r i m  c h i n i s t r c t i o n  2nd t h s  t i s s u a s  cnd 
Tho rccovory vcs 

T;i; r o c u l t s  cSt:.in?d, co r rac t a3  t o  100 percsn t ,  

Urinc.ry oxcr t t io r ,  of r?.dio-fltrium YIZS n x k o d l y  incrccsod 
ir, n l l  th:! t r o c t t d  tn imzls ,  ind icn t inr ;  ?;I C f ' s c t  similtr t o  thzt  
oktcinad r:ith plutonium. 
d i d  not cppcr.r t o  mh?rlcs t h a  cxc rd t i cn ,  suq ,cs t ing  tkt; thc o f f3c t  
is not  d u ~  t:, s z t u r c t i o n  of b o w  groups with thd  mctal. 
o1inin;:tisn ,123 considcr:bly r2ducsd i n  t h z  zirconizod cni.m-ls, but  
t h s  ovur-211 m c r e t i o n  vxs sti l l  J U C ~  g roc to r  t h x  i n  t h s  controlo.  
This  was zssoc ia t sd  7;:ith ?. roduct ion i n  t?12 tmount o f  yttrium 
rc tu inod  i n  t h a  czrc~lss cad ska ls ton ,  clthoug-5 ti?, c f f o c t  horo 
w c s  not a8 grwt cis hcs bson obtcined with plutoniuro. 

I n  conclusion, z i rconiw-  t r ez tmtn t  c p p c r s  t o  hr.vo t ho  
8an3 o m %  on rodio-Yyttrium 2s on plutoniua,  t k s  nost s t r i k i n g  
froZ.tum b0in.g t ho  grszt incrc2se ir. u r i n m y  cxcrs t ion .  This GX- 
2 e r i m n t  suggcs ts  t h z t  t ho  d f f a c t  is not LUG t o  s c t u r c t i o n  of bcno 
groups with z i r c o n i m ,  but n2.y b2 dus t o  exchcngc v r i t h  yttrium i n  
bciia, -or t o  2, "c-rr isr"  Gffcct .  
i n  ddcoct-mination, z i rconiu ;  troctmsnt should b3 of groa t  v-luo i n  
s tudying t h s  f u n d m n t o l  1:iGtcbolisl.i of thoso nc;tsls i n  borx. 

: iowvor,  pi i o r  t r z c t m n t  w i t h  z i rconiun  

ThJ f o c c l  

e 

Asid:: from i t s  p c t s n t i a l  valuo 

1 1 7 5 1 2 1  
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T T T T  

*Vnluos given mc oxprossod ?.s p s r c m t  of th;. doso of r?,dio-yttrium 
rxovorud,,plus o r  minus t h c  stcndzrd deviat ion.  

if’ 

1 1 1 5 1 2 2  
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E f f c c t  o? Lacel  Tractmont on the Absor$ion of Plutonium - ( V I )  -- 
Pron I n t r m s c u l n r  InjGction czd i ts  Subsocgont Di s t r iSE t  ion - and 

Excrst  ion. -- 
Since c nutibor of oxporimmtcl  condi t ions had beon found t o  

c l t c r  t h e  cbsorpt ion of intramusculcrly in j ec t ed  plutonium, it 
YJCS d a i d a d  t o  i n v o s t i g d x  t h z  c f f o c t  of l o c c l  t r o r t n z n t  of t h o  
region of injection with cystoinc,  zirconium c i t r c t o  or sodium 
c i t r? . tc .  Adult fomclo rets vmrJ usod f o r  t h o  cxpor imxts .  Thc 
trc?.tmont consis tcd of i n t r m s c u l a r  i n j c c t i o n  of 1 cc intto t h d  musclos 
on th2  p o s t J r i c r  su r f zce  of tho r ight  crm. Tho mimcls wcrc dividod 
i n t o  t h r x  groups. 

I. Controls:  1 c c  i s o t o n i c  (0.9$) sodium chlorido. 
11. Cys ta im:  1 c c  of i: 0.23.i s o l u t i o n  of cystdin3 hydrochloride. 
111. Zirconium c i t r c t o :  1 cc contcining 24 ng Zr  cs c i t r c t o .  

r ' i f t c m  minutos l a t o r ,  t n 2  mimnls n c r c  in jdc tod  i n  t h s  s m o  arc& 
with 1/4 cc coctc-ining 14 m i c r o g a s  Fu(V1) at pH 2. 
focos  were c o l l s c t c d  sspcE. toly ai! t h z  rets woro srcr i f iccid cftdr 
4 dcys. Tha r e s u l t s  am shown in Tcblo  X. 

Urin:, a d  

ks was o b s x v e d  o c r l i m ,  l o c - 1  tr3?.ttncnt with CyStCiII 
cppocrs t o  roduco th2  Cbsor?fyion of plutooium fram t h j  i n j c c t i o n  
s i t c ,  possibly by roducing t h z  hoxavcllonfy t o  thG l a s s  so lub le  qucd- 
rcvclont s t c t c .  Both sodium ci t rc t to  rnd z i r ccz iun  c i t r t t o  incrs?.s,?d 
t h s  cbaorpt ion from t h s  i n j c c t i o n  sits, thc l a t t o r  r l s o  czusing CI 
s h m p  i n c r c z w  i n  u r i n z r y  3xc rc t ioc ,  v h i l u  th2 formm i m r o t s c d  the  
fccT.1 climin?.tion of p l u t o n i u .  TC.3 possiblo v?.lus of t haso  pro- 
ccduroo i n  t m c t m n t  i s  s t i l l  rcthr quostion-blo cnd o p n  t o  f u r t h o r  
invost igr.t io-. 

Redio-Cln+ni c a1 Is o l a t  ion 

-A. mothod wa3 dsvolopcd for tho s s p a r c t i o n  of r2dio-cclcium 
from 0 g&ndium t m g o t .  
t i o n s  0i"mlcitm f l o u r i d o ,  c z r r i c d  by iron f zour idc  with monium 
f l o u r i d c ,  t h 3  iron f l o u r i d o  sagar:.tod by rapzctod oxtr?.ction v i t h  
othcr .  This procodurc f o r  t h z  s s ; x r a t i o n  of rcdio-cclciuii  is  
d i f f c r o n t  from t h 3  mJthod dovclop,d by th3 Cl in ton  Lzboratorg but is 
not noccssc r i ly  b s t t o r  . 

This mcthod c o n s i s t s  o f  rcpoatod p roc ip i t a -  

Radio-ccdmium m s  oxtrcctcd from o s i l v e r  t c r g c t  by ~1 
mcthod rcportod i n  t h z  l i t o r c t u r z  for t h 2  s c y - r t t i o n  of micro q u a t i t i c s  
of cadmium from macro q u ? a t i t i c s  of s i l v o r .  T h i s  c o n s i s t s  of cmplcx ing  
tho s i l v o r  with cmcnim thiocg.rnctc, t h x  -ciirtctin;; t h i s  s o l u t i o n  
buffcrod t o  pH 5 w i t h  pgridina-chlorcforfi so lc t iou .  
of s i l v s r  on: rmiovod by f u r t h m  c x t r c c t  ior ,  v i t h  di thizona r c c g m t .  

Thd lrst trace13 

1 1 7 5 1 2 3  
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I. Cor-trols Group - 
No. of rets 5 

Umbsorbcd Fu 
a t  I n j .  S i te  39.1 2 .32 

Excrctod i n  
Urine 4.3 2 0.7 

Fcccs 4.8 2 2.2  

DopositGd i n  
F c m r  1.5 2 0.3 

Ccrccss 24.8 2 5.1 

11. Cysts inc - 
4 

55.1 f 6.1 

+ 2.9 - 3.0 
2.4 f 0.7 

0.9 2 0.1 

2.7  2 1.0 

14.9 5 2.7 

111. C i t r c t z  

4 

18.2 2 13.6 

4.5 ,+ 1.2 

12.5 - 7.4 

1.9 2 0.5 

5.3 2 1.7 

33.7 2 10.2 

IV .  Z r  Citrcte _I_ 

5 

18.1 5 7.1 

14.6 2 7.2 

5 .6  2 1.8 

0.6 2 0.1 

4.8 2 1.8 

14.2 2 1.6 

Vduss  g i r r  zrs  p.srcent or' doso o f  Pu 2 Stzndcrd dovizt ion.  

I l l 5 1 2 4  

. 
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The ccdmium is ranovcd from t h s  s i l v 2 r  r.t c. fl< of 3, the  di thizono 
hcving boon disolvcd i n  cli1oroforr.i. 

* *  

k molydonum t c r g o t  was bmb?,rdcd v i t h  epprox imtc ly  105 
ffiicorziporos of doutorons m d  allowcd t o  doczy f o r  4 d3ys bcforo 
m i l l i n g  o f f  t h2  t o p  rictivo componont. Approximtoly 1.7 grm.s of tho  
mstel n i l l3d  from tho  t::rgct rics diso lvcd  i n  cqur. r c g i c  a d  c v q o r c t c d  
clncst t o  clrynoss. 
HC104 cddcd. kftm t h o  mixturo wcs hcatcd i n  llzl o i l  b&i t 4  200-210 
dogrms,  tochnetium wzs d i s t i l l o d  by dropying 20 m l  hydrokomic cc id  
i n t o  t h 2  c i x t u m  wi th  a s t r o m  of cmbon dioxide.  
cpprosim3,oly 275,000 counts pGr sccond of twhnot ium vies obt zinod, 
i d s n t i f i a d  cs t ho  110 hour  hc l f - l i f c  isotopo. 

Tho rtasiclur: wcs disolvod i n  5 m l  of H PO LT& 15 m l  3 

I n  t h i s  m m o r  

A 
rccoivod fror;. G c k  Ridgo. 
zpprox in2 tdy  4 m i l l i c u r i s s  ~ J C S  u t i l i z o d  f o r  scpclrction of t h o  two 
componcnts. 
cf columbium 03 bh02 i n  10 1i ElUOg, t h c  I I n O  
of mzi=gcnous ions by potoSsium cli1or;ts. 
s m  high p3rcGntqg of sL,ocr.?tion acs obtzincd by add i t ion  of 
mtng;U,cso dioxido t o  thc: li) X IC0 
bz th  f o r  20 a inu tc s .  
o f  a c t i v i t y  found i n  t h 3  z i rcor iu t :  r ' rzct ion zlountsd t o  approrimct 2ly 
50 psrcdnt of tho  t c t z l  a c t i v i t y .  

s m p l o  of rcdio-zirconium and rrdio-columbium was 
This  ~ 2 s  assaycd and m a l i q u o t  COntciniW 

Sdynr-t ion x s  xcor;Lplisiiod by uso of s d x ! t i v o  cbsorpt ion 
bzing f o r m a  by oxidc t ion  

pt  wcs dotcrminod th2.t tho  

s o l u t i o n  a d  h s c t i n g  i n  il VlCttor 
Two sapzrr-t?ons of t h i s  typo wcro mado. Tho mount  

P1a . s  zr2 bzing nadJ t o  u s  ion  c:?cngG columns f o r  t ho  
i s o l a t i o n  of r cd ioac t ivz  r r c  ctzrths i n  t h 2  c c r r i m - f r a o  s t c t a .  This 
proccdurc is  t o  b2 cnploycd f o r  th;. p rcpcra t ion  of cz r r io r - f r ec  r a r e  
c3 r ths  oxtcndisg f r o x  Gcdo l in im t o  lutecium fol lowing cyc lo t ron  
bonbmdmznt . Th3 purposc! of pmpclring -ad u t i l i z i n g  radioactiv.: c z r r i c r -  
f roo  r c r a  ~ r t h s  is t o  obsdrr, i f  thc gmducl chzr io  i n  t h e  c h m i c a l  
p ropc r t io s  of succossivc mm-bcrs of t h ~  s a r i c s  i s  rGflc.ctad i n  tho  
motcbolic po t td rn  of such subs tmcos .  
s m  whGthor t h o  high l i v o r  a c c w l c t i o n  m d  r t d i o x t o g r c p h i c  pc t to rn  
n o t a l  r;ith lcntk?..nido group of ram a r t h s  cont inuos v i t h  t3o s x o n d  
hz l f  of t h a  r c r o  e a r t h  sor ids .  

It is  of p c r t i c u l a r  i n t o r c s t  t o  

& short bombzrdncnt of cbout 10 micrompero hours  was mado 

Prol iminnry s t u d i o s  indicatta y i o l d s  i n  docrczsing 
on c ruth&um t a r g o t  f c r  t h o  purposo of studyiiig y io lds  of rcd ioac t ivo  
c lommts  aB4ainod. 
m o u Q t s  o f  rzdio-rhodium, tochnet  iwii, 2nd radio-mol:j?Acnum. ThJ y io ld  
of molybdanun is vory smc.11. 

I 1 75 I 2 5 .  
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Pro j c c t  48k 

Loth r l  S f f c c t s  3n 1 . 3 ~ 0  ---- of  F?.st iJcutroiis from. tho*-inch Cyclotron -- 
R. Lowry Dobson 

T r c l i s i n c r y  sxpxirnorits  dxiignod t o  tes t  t h s  b i o l o g i c c l  
c f foc t ivncss  of 90 Mov noutrons mcilcblc frm t h o  184-iach cyc lo t ron  
bxm h2-13 bocn ce r r i zd  out ,  using mico cs tsst ob joc t s  ond l c t h d .  
r -c t icn 2s t ho  phononcnon locksd f o r .  
woro cozPincd i n  vcn t i l z t zd  co~ .~c r t r .~ ,n t a  i n  t vroodm c ig3, surroun9sd 
on cl1 s i b s  but thG bottom vrith a t i r s c - inch  thickn.u.;a of acrcffin 
slcbs. 
shto12inc of t!iG cyclotron znc! cpproxirktoiy f ' i f t son  f d &  from t h e  
source. 

B?gg a lb ino  n i c o  during oxposuro 

ThG c c ~ z  wcs p l x G d  d i r 3 c t l y  i n  t h b  b s m  ins id2  t h z  concrete 

Sincc primcry i n t o r o s t  vrs givati t o  t i s s u o  dosos which would 
bo dol ivmod t o  in torn21 rdgions of t ho  body of :: lcrger ~miml i f  
exposod d i r e c t l y  t o  tii3 born ,  t h c  p z c f f i n  s l z b s  wero plccsd i n  f r o n t  
of t h c  n i c z  i n  tho  pzth cf t ho  oncominz becm Fad rround thl= ccgs i n  
order  t o  c s s u r ~ )  ?an equi l ibr ium d x i s i t y  o f  soconcitry protons in s id3  
t h 3  cxposuro chrmDsr. Ion izc t iog  m c s u r o m n t s  wsro mzdo v i t n  c 25 r 
rn2  r? 100 r V i c t o r o m  t h i m b h  c h m b m  i c s i u e  th;  caga. 3 o r . c ~  t h s  
ion izz t ion  ir.oasurdd, cad  thd ioc i z2 t ion  t o  w.iich tho  znin- ls  Fm(3 

subjcctod, V J ~ S  duo r i x o s t  o n t i r s l y  t o  th;2 soccnd-ry protons psoducGd i n  
thd pyxfiri.  Loovi r ior2)  kzs r c c i n t l y  stuGi3d t h s  p r o b l m  of nacsur-  
ing  t h c  t issu3 doso of 90 Xov n x t r o c s ;  our exporimsnt?l ss t -up m d  
doscgo c?. lculzt ians  hcva m.2~ uss of h i s  d t t c .  

Eicc: wsro oxaosed t c 7  v z r ious  d o s ~ s  given  ct various doso rctes. 
I n  o m  olqKtrincnt f i v o  groups of s i x  mimls oachworo axPosod, ct 2 
retc of l&S rop/hr, t o  dosos v m y i n g  from 445 rop t o  815 
p3rcont & z l i t y  i n  45 days wcs found i n  t h o  group rocdiving 815 rap; 
t h e  iD 50/45 days V J ~ S  found in two groups r x d i v i n g  625 r c p  and 715 r3p 
r x i p x t l v o l y .  If 
t h z  LE 50/45d fcr t h i s  capximcnt  i s  t-zkoa t o  bo 670 m p ,  t h o  corrsspond- 
i n €  x u t r o n  doso m a s u m 2  i n  ct t h r  o u t m  su r fzcc  of t h c  pzrcf f ln  
was 238. 

rop. 100 

Nono of t h c  rnimls i n  tlis lo%r d o s ~  r-dgcs dlcd. 

1) Thcrc: is  sons ques t ion  cs t o  vrhothx or net  t ho  collI)ctir,$ vol tcgo 
i n  Victormr,  clivi;.bors is l trg,  snough t o  ;iw s e t u r c t i o n  c u r r e n t s  
undor t h s  condi t icns  - , h i ch  sbtnindd dixinrj tilcsa bmbcrdwnts .  
This  point  i s  being t;stxl f u r t h r .  

2) Locvingcr, R. E?-139, Octobor 21, 1947. 

1 1 7 5 1 2 b  
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I n  another  experimcnt, i2-ion two groups of 12 mimls ccch 
w o r e  expomd t o  715 end 680 r3p r c s s c c t i v o l y  givon E t  c r n t c  of 318 
rcp/hr,  t h s  LD 50/45d wcs fouild t o  l i c  somwhors b2t'i:mn t h o  tvlo 
doscs; 25 pcrccnt znd 92 pcrccnt f i o r t d i t y  wzrc found i n  t h a  r spec t ivc  
group. 

groups of 25 cnim.1~ coch and mount ing  t o  doscs w r y i n g  from 660 rep 
t o  1,320 rep ,  co s i g r r i f i c m t  d i f fo rcncss  i n  rnortcility which could be 
c t t r i b u t o d  t o  ths  r e d i c t i o n  wsro found cmong tho  vcr ious groups. Thc 
morttzfity i n  t h z  group rocciving 1,320 r e p  wrs only 1 2  percont i n  100 
doys; t ho  m o r t c l i t y  i n  the  group rccoiving 660 rDp v~es 16 pcrcont. 
Thus ct 
(%&in& i n t o  cccount t ho  fiv,? r e s t  p n i o d s  of cbout 10 minutss .each f o r  
thz rcmo7zcl of the  animals rocoi-:ing lowor doscs) i n  rbout nine hours. 
T h i s  doss would corrGsoond t o  470 n i f  thd bean hcd b x i i  mcasurcd 
outs ido of tha  pc rz f f in .  

1-t t h z  s t i l l  lowar doso r c t o  of  164 rcp/hr, given t o  six 

t h i s  low doso rcts tho  mimls withstood 1,320 r\?p givsn 

Although t h 3  nunbcrs of aiimzls wsrc not lcrgo, thoso 
proliminary oxporindnts sex: t o  i n d i c z t a  a l a r g o  time-doso r s k t i o n  
f c c t o r  i n  tho  1 z t h r d  c c t i o n  of hi& dncrgy n m t r o n s  and t he i r  socond- 
ary protorrs. 

with f u r t h c r  s tud ios  on dospqg masuromont a d  o f f c c t s  of theso radin- 
t i o n s  on -nin?.le. 

This work m o d s  r o p c t i t i o n  and chack, *mid i s  being continued 

Y k  nra indcbtod t o  Dr. B. Noycr end h i s  group f o r  t h i r  
holp 2nd cdvicc i n  thaso s tudios .  

Lath,?.l E f f e c t s  on Xico of 180 rkv  Doutorons from tho  

184- inch Cyclotron 

C. A. Tobias, P c t r i c i e  Wqmouth, R. Lowry Dobson m d  IIc.1 Anger 

- Thc first b i o l o g i c a l  axpcrimsnt with t h z  d i r s c t  b o w  of tho 

Tho oxgcrimsnt VI IS  dcsignad t o  danonstrztc  t h o  
184 inc4  cyclotron w c s  = ~ r ' a t t o m p t  t o  dztcrrninz k t h a l  c f f o c t  of 180 
Mcv dau tamns  on miccr. 
t h o  of dicth wi th  c wido rmgo of dcsrgs.  
5 groups of 50 mico each. 
dosos: I, 100 rep; 11, 330 rep; 111, 1,000 rap; IV, 3,000 rq ;  
con t ro l ;  0. Ecch of t hoso  doses was dcl iverod in l o s s  t h a n  1 minuts. 
Tho c o n t r o l  mica wcra t r a s p c r t s d  t o  t h o  cyclotron s i t e  and kopt with 
th2 cxpcrinontals  throughout t b  run pad worc, t hc r s fo ro ,  o x ~ o s c 8  t o  
tho  s m c  tunpsr2turo chLriga a16 background i r r d i a t i o n  as thc! cxpmimcnt- 
23. Cnimds. 

Sciss mica ncro divided i n t o  
Tho groups r ece ived  th2 following approximatc 

. 

X t h i n  10 dws c f t e r  bombzdmnt ,  e l l  2 n i m c l s  i n  groups I11 
V m i c t i o n  in l s t h z l  cff'oct bctmcr,  t h  two g r o u ~ s  was not 

c a t ,  although tho rz  m s  a tonZoncy f o r  c s l i g h t l y  s lovor  doath 
and IV died .  
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rcto i n  group 111. 
days s i n c e  oxposwo) 

No mimls hcvo y s t  d i x l  in t h J  o t h e r  groups (30 

Tho mcrcgo weights 3hO'iad c arr!cod drop of ovcr 5 gns. for 
grougs 111 -.n& rz i n  tk: first 3 d q s  a f t z r  t rx . t incnt .  I n  Grou;! I1 
tlz, ircight l o s s  ct 3 dcys w s  about 2 gms. nrL6 i n  Group I, 0.5 gma. 
caix ls  of Group I rcg.?..inSd t!;oir o r i g o i c l  wight i n  tho period of o m  
W C C ~ ,  XJhilc thoso of Group I1 o f t s r  2 \ iCCkS t imc:  Wore s t i l l  2 @IS. 
bsio-.v t h a i r  o r igr - ic l  wzight. 

Tho 

T ~ J  ahit; blood c; l l  count of a l l  groups showod CI vory 
m r h d  droi) i n  t h  first 24 ;lours; roturnod t o  normcl i n  3 days i n  
Grcup I z?,d roncincd dcrrosscd f o r  ct 1 m s t  10 dcys i n  Grou;, 11. 
rcd b h o d  c a l l  count MIS not S f d c t s d  i n  m y  group. 
cont inuxi.  

Tho 
Thc work i s  b;?ing 

;.:o cro indcbtod t o  3r. B. I:oyor 2nd h i s  group f o r  t h s i r  
ho lp  a 3  r l v i z o  i n  thr: courso of t h i s  VJork, 

Rcto of Kotabolisn of CG2 

EIorien Jones,  K .  Cclvin 

--- 
C. EeiCelberger,  G?.em Shel ine 

T i 2  r?.tcs of motcbolism t o  CO2 of z&xinistorcd rcdiocarbon- 
lzbolod ZcJtztc ,  & w i n o ,  glucoso, -.rid t y ros ino  h m o  boon studiod. 
Following i n t  r-vmous rit?iuistr?t ion ccch subst  x ~ c ~  has i ts  chmcc t  or- 
i s t i c  r ? to  of  oxidation. Yh3 C02 producticn is  i n  tno  rat2 itstcrmincd 
p a r t s  a 9-cpid  rztot1 p h c s ~  cnd .= "slov rcto': phzs3. It is  bollovod 
t!ic?t th; r?.pid phzso co inc idas  r;it:i oxidat ion o f  t h s  substcncc adnin- 
i s t o r c d  vrhilo t b  slow phzso is  oxidst ion of o tho r  substencos which 
hcvs bson dcrirau from th2  l s k ~ l a d  con$our.9 7.dministcrod. Tho t im 
constants  of oxidc.tion c r 3  i a d i c L t l v s  of th; r c t o  of u t i l i z z t i o n  of 
thc: pool of s t u b s t a c d s  which crc: i n  mutabolic cqui l ibr iu .1  wi th  t h a  
ln.bolc9 substcnca. Tha folloi,i-% t i n 2  constcnts  m a  l i s t c d  f o r  l'A1' - 
s t r a i n  nico: . 

1 1 7 5 1 2 8  

GLUCOSE 
1 - N G W  
1-TWOR MOUSE 

TYRCSIIZ 
3 TUMOR UlCE 

( P o o - a )  

K1 (minutos) 

0.062 .008 
0.070 ,? .008 

0.046 ,006 
0.G40 - e006 
0.028 
0.034 

K2 (minutes) 

0.6046 2 .002 
0.0051 f: .0013 

0.0018 2 ,0008 
0.0026 2 .005 

0.00014 

. 
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. .  Tho r s t o s  of ox ida t ion  ? p p a r  t o  b3 c h a r z c t 3 r i s t i c  for 
each of t h a  abovo substcncos m d  t ho ro  ar3 not obvious o r  s i g n i f i c a n t  
d i f f a roncos  i n  t h 3  mot.?bolisn! of ti-ass subst-.cci:s i n  n o r x l  and noo- 
p l o s t i c  z n i m l s .  

Zur thz r  Zxacrirr,s;r,t s Conccrning thz  E i o l o z i c d .  Ei'f s c t  s ----- 
Duo t o  Uranium F i s s i o n  

P. Wcymouth and C. Tobir.s* 

P ~ r t  A 
Alpha Pa% i c l 2  Rad io2.u t ogr23hy 

In p r n i o u s  progrcss  rcpor t s  (930 Monthly Progress Roports 
f o r  h:t.rch r.nd A p r i l  of 1947) it WCR domonstr-tad t h z t  GO2 c o l l o i d s  
of e 1 5  Ricron avcrcgo p c r t i c l o  d i w o t o r  r.r3 mostly t&en up i n  t h 3  
l i v a  and spldon wi th  2 srr,jLl f i i r c t ion  of t h a  col.lold, 2-5 porcont,  
bGing found in t h s  b o m  mrrrov. 
furthai-  s tud ied  by mc-as of m l i o z u t o g r n h y .  On3 ~ O U E O  was s a c r i f i c e d  
24 hours  cf tm I .V.  i n j a c t i o n  o r  2 I?!!. of the UG2 c o l l o i d  suspanddd i n  
e 3 3  cc of 5 porccnt glucosa. 
fomur i n  c o l l o i d i n  woro przp?zGd f o r  us  by Dorothy Axolrod. 
soc t ions  w d o  plLcod or, Ec.str:cn alphn p n r t i c l s  plctcs  undor wztor  m d  
t h o  p l c t s s  oxposod f o r  on;, mur.th pdriod. 

Thc d i s t r i b u t i o n  of thr? c o l l o i d  VJCS 

Ton micron undccafc i f icd  s c c t i o n s  of 
Thosc 

Althmgli tho  str . i i l izg tochni7uc: has not  ye t  bocn p r o p r l y  
dcvdlopcd, t!lc scc tjo.: showed th:.t nos t  of tliJ urcxium vms ilopositcd 
i r -  t b ,  mrrox, i r  thi: s h s f t  of thd bcnc, ;?d i n  t h o  ap iphys is  i n  tho  
ZCTOS of o s s i f i c z t i o n .  1-l t h a 3  arms, t h 3  urpxium dopos i t l o r  w c s  
hnevy \:r.mgh t o  g iva  stzr formction. 
appacrod i:i thd cmulsio? thmughout t;,o ars? vhich hcd b c m  i n  
cor.toct with t h s  bony mctrix, i i idicr. t ing E uziiform d i s t r i b u t i o n ,  but  
low concmt r? t ion  of uranium ir! thd bocc i t s o l f .  Ono o r  two stars slid 
n f o a  singly. t r c c k s  wore cot icod  origiixiti.ng from t ho  pcriostoum. 

I n  cdd i t ion ,  s i i g l o  e l p h r  t r a c k s  

Tho work is bain; coi;tiiiusd with D view t o  further 
microscoplocl d i e t r i b u t i o ?  of U02 I n  bono nmrow. 

Pmt B 

Conp2rc.t i v 3  Ef  f cct i s cncss  of Dct c Reys , Alphn 
Fiss io i i  Rccoi l s  

i d & i f y  t h o  

Rays, cnd 

Wc p r n i o u s l y  reported (Konthly ProF;rSss Rdport f o r  Apr i l ,  
1947) t h c t  t h c  l o t h c l  j f f d c t  of phosphorus bdtz  rcys from tho  phosphcto 
c o l l o i d s  roquir-xl  obout 27 tincts th2 dosc rdquirod f o r  l s thcl  o f foc t  
f ror i  f i s s i o r .  r o c o i l s  of U235 from U02 col lo ids .  
pc r i soa  wzs not t o o  good beccusc t h o  ur::cium c o l l o i d s  had c2 s l i g h t l y  
d i f f a r o n t  d i s t r i b u t i o n  from t h d  chromic phoap!x.to co l lo ids .  

Tho b e s i s  of t h s  com- 

RGlotivaly 

* With tho  tochnicr-1 assistzic; of  J .  LUCG 2nd C. T r s g i l l i s  

1 1 7 5 1 2 9  

. 



UCRL, 41 

-23- 

i 

4 .  

Thaso lsxtorsivs d z t t  scrvo t o  show th-3 t h o  mico probtbly 
d i d  of rcd ie t ic l ;  c f f s c t s  with til; p o s s i b i l i t y  o f  sccondrJy i n f o c t i c n  
such cs mouss typkoid o r  gr.;;unoiirt ? z r t i c u i c r l y  r.h,ra t h s  blood c u l t u r c  
shosiad thdsc orgcnisns. Ths sy..q3toa?s p r i o r  t o  d x t h ,  tk;,. post-mortm 
picturls of d s c r x x o d  sp lczz  s i z o ,  Lmorrh-gG., tL l i v 2 r  znd s p l ~ d n  
histologic?.: chmgcs  ( h i s t o i o ; i c d  ch;n_:16ss iri t.i; k i d m y  m y  b2 
p n r t i - l l y  thz  r z s u l t  of c sm.11 dos2 o f  soluol.: hmsy n,tc1, but t h s  

* I!o arc indcbt.,d t o  D r .  Pcul  Iioso-hr. f o r  h J l p i i g  wi th  thl: microscopic 
c::aninc?t i o m  . 

1 1 1 5 1 3 0  

. 
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T A R E  XI 

Mat e r  ial VOZ Tho;! 

Days a f t e r  I n j .  1 day 10 days 1 day 10 days 

Tissue % Injected Amount 1 

Liver' 68 .O 77 86.0 €9 .O 

Spleen 22.3 14 00 ?.O 5.0 

Kidney .6 0.5 0.2 0.1 

2 

Lung 1 .O 0.9 2.5 0.6 

Gut 

Ca rc  as  s 3 

l?rine 4 

1.0 1.0 1 .o .9 

6.7 5.3 9.2 7.9 

0.06 0.3 .02 .06 

Feces4 0.34 1.1 i.08 .44 

1. The observed values  were s l i g h t l y  adjusted p ropor t iona l ly  to add up 

I i v e r  andFspleen values  d i f f e r  i n  ind iv idua l  determinations from t h e  
averape  avcn h s r e  by about 7% r.n.s. of t h e  initial dose. 

, t o  100% 

2. 

3.  Including muscle, skin, skeleton.  

4. T o t a l  e-xcreted i n  1 and 10 days. 

1.J 15 I 3 i  

. 
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Kouse '"BC RBC Platelets wt. Approx. time 
No. x l d  x x 10-3 w. before death, hr. 

t? 

9 

11 

12 

15 

le 

19 

20 

22 

23 

27 

2e 

29 

30 

33 

34 

3 5  

36 

37 

4.60 

10.45 

1-35 

1.05 

1 .oo 

2-75; 

2.35 

2.60 

1.20 

1.75 

5.35 

2.05 

1.05 

2.43 

1.40 

3.75 

1.90 

3 015 

2.20 

1.29 

12.38 

2.64 

2.07 

3.63 

2.28 

2 094 

3.28 

4.05 

6.68  

3.72 

2.87 

2.C5 

5.18 

3.55 

5-64 

3.el 

3-07 

1.69 

110 

240 

110 

110 

21G 

. to 
2 50 

2?0 

220 

390 

350 

130 

120 

220 

350 

650 

31 0 

4 10 

30 

14.5 

le .o 

15.1 

L 

- 
13.1 

23.2 

17.6 

14.7 

l?.?? 

17.2 

1Q 09 

- 
14.9 
- 

16.2 

17.5 

- 
- 

1 112 

0 

2 1/2 

2/3 

1 1/4 

1/2 9 

0 

0 

3/4 

0 

0 

112 

0 

0 

ca 8 

1/4 

1 

ca 2 

- 

AVERA ?E 2.60 3.p3 24 2 17.5 

Hormal 23.7 9.95 
avg . 
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dmago VJCS i z s u f f i c i c n t  t o  cortri t jutc:  t o  l c t h c l  c f f cc t )  ' En8 t hd  lsuco- 
ponia a d  ananic cll point  t o  c c u t s  r zd io t ion  s f f o c t s .  

I n  cdd i t ion  o saccca pcpar? . t ion  of UX , 2s c o l l o i d a l  Tho 
(0.1 r.gl vzs i n j s c t c d  ia t rcvonous ly  in c v o l m 3  oh 0.2 d. o r  1dss i g t o  
ti?@ fv.rt:iar grcups of mica. Th2 first group, cor.sisti2-g of 10 n ic3 ,  
rx:iv;d 128 uc,  arid 6 d i sd  i n  7 wccks. Tho second group, 25 micc, ro- 
cs ivad  64 pc cnd only on3 di2d i n  7 r m k s ,  t h z  l sng th  of thcf ox$orim;At 
t o  d l t 2 .  

It appczrs th t  tho  ls thcl l  o f f o c t s  t h c t  occuraii in t ho  first 
group of mica t h z t  rccGiv3d 158 microcurios  of UXl wcrc qu i to  s i m i l c r  
ii tin2 of cppocrcncc t o  thos;, t h c t  occurxl  of'tar i r r zd ic t i2G mico 
which conteinad 2 ri. orsichod urmium wi th  s lorf~ nsu t ron  bsaiis. Tho 
sscoiia group t h z t  roczivcd 129 n i c r o c u r i s s  d i sd  in e rclthor s i m . i l c r  
fcshior ,  t o  onz o f  th.: uraniu!! co:?trol groups i n  t h z  oxporimmt c i t c d  
cbovo. Thc f i g u r o s  t b u s  obtcinzd mcka c ncv: cor,iwrisor. poss ib la  
bz twsm t h z  z i f f z c t i v a n ~ s s  of clphr rys,  b;te rcys 2nd f i s s i o n  r o c c i l s .  
It is s t i l l  q u i t s  c p p c r a t  th?- t .S iss ion  r c c o i l s  crc mora uffoc-tivo i n  
producin& lcthcl  a f f c c t s  t h x  clpt: m d  b,>tZ rzps.  T!i3 numericnl 
r s s u l t s  ?.r3 l i s t z d  i n  Tzblz XIIi. 
B?gg r l b i n o  a i c J  m y  bz c ,ch idvd  by b z t c  rcya or-ly if about 22 t imos 
th; s r m g y  CqLiVclJiit doss i s  givol; t o  th; l i v n  (prcv ious ly  v?o c i t c d  
27).  
c p p x r s  t o  b3  about 10, iil &a06 cgrozm,i:t 1;ith o thc r  dotorf i icct ions.  

It c p p x r s  t h r t  l a t h a l  c f f s c t  on 

Thz s a n d  f : . c tor  f o r  comycriiig d p h o  p - i r t i c l x  cL:d bc :k  p?Aic13s  

1 1 1 5 1 3 4  

. 
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Yo?e of 
I r r a d i a t i o n  

Rapid l e t h a l  e f f e c t s .  
Kean tine of death Meen time o f  death 
approx, l.4 days. 

Slow l e t h a l  e f f e c t s .  

aDnrox. 35 days. 

Enriched T'raniun 235 + 
neutrons . 
Amrox. @5% o f  r a 6 i a t i o n  
ni+,hir: a 'few hours 

3,730 rep  

P32 
I r r a d i a t e  continuously 
Beta r a y s  

-100,000 rep -1C9,OOO rep 

ux +ux2 1 
I r r a d i e  t e  ccnt inuous ly  -60,OCO rep -95,CQO ren 
Beta rays 

Enriched uranium alpha 
p a r t i c l e s  - .- 9,800 rep" 

9 130 rep i n  bone marrow 

* .  
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R. S. S t o m  - iii charge 

Aaninist  rr.t i on 
--_I_ 

This  p r o j s c t ,  st::rtsd on OSW subcontract  t o  thd  U?i ivsrs i ty  

3,nrly r s p o r t s  
of Chicogo, 112s coii.tinu.:A t o  t3;: p w s o c t  c i d  is nou pr:.rt of th;: Uoivcrs i ty  
of C ~ , l i f o i ~ ~ i : :  p r o g r m  f o r  ths Atonic 3;nJrgy Corn-isnioii. 
wsro publish;.d i n  ths CH r spo r tn  f rm tho .Un iva r s i ty  of ChiccSc;. No 
s c i o c t i f  i c  rdport  h:,s p rsv ious ly  b x n  nsC!s throus!  tho Redic t ion  
Lcbcr2tory 2r.d hcnc I t h s  p?:sa-.-k progross r.2por-t i s  somvhzt  gcos ra l  
in x t u r s ,  th . ;  c t t onp t  being t o  b r ing  t h o  rxA3rs up t o  dztd on whct 
lncs t&.cn pl.acl: ii: t h ;  p-st. 
florc-: spdcii ' ic ax1  d s t z i l x l .  

Futur\: p r o g r x s  r spo r t a  n i l 1  bc saw;h3=; 

Doctor LOv-E;zr kns  b:~:; c o n t i n m z l y  is ch-.rp,c of t ha  prod'rm 
involving th.2 h;mztologiccl c f foc t s .  €13 R';:s m s i s t s d  by Miss J ing  2s 
1cborat;ory t x h i i i c i m  up t o  Cctobsr 1947. ::is J i n g  hos b u n  m p l c c d  
by :;iss .'ma Poul.son who hzs  bozn r v i t l i  Dcctor Low-Bdcr s inco Suptsmber 
1947. 
2s tho  c l i c i c c l  s i 4 2  oi' t h z  y t i 2 n t s  czri: is conc;:rnt~l. Tha p a r t i c u l z r  
h s m c t o l o g i c ~ l  p r o b l m s  hr-vc b3Oi: discussod with d i f f d r x t  h ~ ~ c t o l o g i s t s ,  
but ospcci~. l l .y  :.iith Doctor ?r.ul Asgzlcr.  

... 
Ikny  o t h a  doc tc r s  ?.Id. tochnic icns  cidcld i n  t h i s  work in so fc r  

Doctor I f : i l l x  s t a r t o d  thci s c c o ~ d  soct ior ,  f o r  th,? study cf rcdio-  
iodinc i n  1946, bx?.usG of thd  pl*;vious work with  iodin.: ct thL! 
U t i v o r s i t y  of C. . l i f a r n i c  1;I;diccl School by Doctors Sc lsy ,  T i  n i l t o n  m d  
o thdr s ,  a b  tfic Llobil~dgo gziiio6 prsv ious ly  OP, rodic.tj.cn Jffwts by 
Doctors.Stioila, Lox-Baor, c t c .  Doctor E.ii11m hiLs hcd t h s .  txh ; : icn l  
aSsist?.i1cb, 8 u c c o s s i v ~ l y ,  o f  KLss S i i r i  I~.;~.rkk.~.ila~ and 1,I.t'. i:?.rrold Bl'ook 
KiiOvJlaS, Jr. sil ica Kovs9b;jr 1946. EO has hzd th.: p ro f ixs ionc l  c s s i s t cnco  
oi Goctor €Ridin.: Fora iz i .  : 3 ,h?.:v.: a j o y o d  t h s  c o o p n z t i o n  of thd 
t s C ! l l l i C C l  a d  s c i a 2 t i T i c  s t n f f  of otl ior p c r t o  of t ;hj  Rad ie t i sn  Lcborctory; 
t h z y  hc.vi p-rt-tim sccr3tZrg t o  t h s  P r o j i c t  wbs Krs. Alicz Bonndtt, 
than ,  for 2 t im;. ,  t h 3  s x r o t n r y  of thi  X-rcy Ddpa9xnontl Kiss 3lsnc 
B o g d a o f f  took on t h a  r . c s p c x i b i l i t i d s  of s s c r i t n r y  t o  48-C. 

~. 

http://rodic.tj.cn
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Hcmatologicn.1 EffGcts  of T c t d  acdy I r r cd iz t io r i  

B.V.A. Low-EQor 

The ob joc t ivz  of t h i s  p ro jcc t  hes bcon t o  inVdStif32tC 
tp;: s f f J c t  of thcrcp;:utic descs of i on iz ing  r?.di?.tions on th.3 blood 
i l m a t s  o f  humcln s u b j x t s .  Pr.ti;:cts s c l cc t cd  for t h i s  s tudy  mrL? 
thosd vdilosc d i s x s d  roqui rsd  t h a r q m t i c  i r r c d i z t  i on  o f  t ho  c n t i r o  
body. Ths pcti; ;nts l?ora so lcc tod  f o r  trd:-tmmt tvith r zd ia t ions  p l d  
s o  trJ?.td by p h y s i c i x s  on t h a  stcff of t h 2  Univdrs i ty  of C?.lifOrnic 
llsdic*.l School. Advrl;t?.g; vtcs t & J n  of th;: f c c t  th7.t t h j y  wcro baing 
s o  t rm. tdd  t o  obscrv2 t b z  o f f o c t s  on t h c i r  blood p ic turd .  
coif-it::  on was f o l l c m d  by t h - i r  physici.?.iX i n  t h :  u s u c l  cow33  of 
2vJzts xi? is  not r ipo r tdd  iu ra .  
p o t d t i - 1 s  of 100 kv, 200 k,- cad 1000 kv wor3 usd6 f c r  dxtcr:;c?l r c d i c t i o n  
c ? d  r-.<io::ctirs phosphorus m s  uszd  2s :: soiirco of  iiitcrE:l i r r z d i n t i o n .  
?ran tk: incdpt ion of t.hd proj3,ct - i n  O c t o b x  E 4 2  t o  Ju3a 1946 tnonty- 
xinc 7z.t i o n t s  tr.:,-.tGd v i t h  dx$drr:T.l x-rcy irr;:di::t io;: wcr3 studiod. 
Two p z k i m t s  vorz trz-. tsd :?lith dz.ily 2oszs of 5 r; 5 pz-tionts with 10 r 
dosds; 17 72t izr i ts  viith 20 r dos~s; 2 pzti;!its with 13 r dosos; 1 
p.?.t5;\:;t ;;S.tn 50 r .-zd 1 grtS.c;nt with 50 r d c i l y  doaas. 
r:d:nts wm;; nrdz on thc.  s:;ii;. T’hV trAc.trvxt. caursc vc r i zd  from 5 t o  
92 6r.y~. l”i& t o t c l  bady cxBo3urs  v?-ri;d Iutivazi 100 r ?.nit 390 r 
(s!t in),  3CO r bei::G ths riost frsq!!z!;t totr.1. 
t h 3  c x t  x of th,: body vc-.ridd from r,pprcximr.tdlIp 6(; r t o  :.-pproxP.ztsly 
200 r (tisscld). 

Tili  c l i n i c 2 1  

X-rr;ys producod by c l s c t r i c a l  

- I  

All mic.suri3- 

Thd cc l cu lc t sd  dosc i n  

S tud iz s  i n c l u h d  Srct;;rfi.in::l;ioils o f  hznoglobin, rod blaod 
cz11 coul;t, whit2 blood c z l l  couct , p lz tGl s t  count ,  d i f f o m n t i 5 -  count, 
1obr.t i c n  indcx of polymorphczuclzzr cdut ro?hi los ,  st 2rm.l mcrrcw 
StuCioc, prothrcmbia tin;, &iiimdI:tztio:; r:t\;, h d x t o c r i t  ccS i c t i r u s  
i d d x .  
ing  tr2- tr,i;:’.t. 

Tha obsorvct ion p m i o d  axJbd;,2id from O I : ~  t o  thr;o y x r s  follotr- 

%ha n o s t  c o n s i s t a t  cli-;i:zG not zd WT.S ai cbsoiutd “.:id 
rc lc t iv , ,  docrir-sa ir, t hd  nuxibGr of l jvqhocytss  fo l lod in& t r co tmjn t ,  
i r ro spcc t ivo  of s i z s  of t h ,  dosa riid of  physic- l  f z c t o r s  of t r x t m o n t .  
Such doox-csos wrC; followpd by rcco-mry durir& thc  post -trzctnt?iit 
p r i o d .  W k a d  f l u c t u c t i o n  i n  totT.1 v!hitc blood c a l l s ,  ?ad noutrophi lo  
counts worn obscrvcd f r c q u x t  ly duriix; t h d  t r s c t m n t  p m i o d ,  but tllGSo 
could not  b2 cor ra l c t ad  with t h c  s i z o  of‘ t h z  dcsc a d  physiccll f c c t o r s  
o f  trxtttmo3t. 
i n  thd numbor of polymorphonuclcX c b . l l s  o f  r, s i g n i l i c - a t  numbor of 
PZtiGilts who hzd bcon t roz tod  wit!-, 1000 kv gonar.:tod x-rays,  mound 
60 d2ys d 5 o r  cocclusion of t rac tmoat ,  
nuc lazr  n m t r o p 3 i l s s  wcs obsor-rod i n  thz  nino p a t i s a t 3  i n  whom t h i s  

polymorphonuclmr c c l l  count. 
tu23 rol- tad t o  thd sizc of th2 i;>dividu::l dns2. P?.til?cts who rocJivod 
indiv idunl  doscs g r x t o r  thr.n 10 r s!:owd ii-crszsocl nio::ocyto counts  
I S  

p o s t - t r d - t n x t  73riod. I n  t h G  h t c r  post-trc.:tmnt pCriOd t h o  rnonocytc 

In thd p o s t - t r m t n x t  p l r i o d  f l u c t u c t i o n s  occurod 

A l c f t  s h i f t  of t ho  polyrnorpho- 

’ f a c t o r  w.s f o l l o w d .  This  s h i f t  occurrcd without r d z . t i o c  t o  t ho  t o t o 1  
B.I+nccyt as sliomd ncrk,d l c b i l i t y  vhich 

go;.:c.rol p a t t o r n  of f l u c t u a t i o n  during trszt:l2i:t c.nd i n  t h s  c z r l y  

I I 151  31.- 

. 
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cour,t ra turnod t o  pro- i r rad i  It i o n  v z l u ~ c .  

Ths crythrocyto count 2nd h w o ~ l c b i n  occ -sio-rl?lly showod 
a s i g n i f i c m t  docrscso d u r i r g  t h J  coursi: oi' t r s n t m n t .  
by rzcovcry t o  p r o - i r r c d i z t j  c!i 13vzls i n  th; a c r l y  pos t - t raa tnznt  
ps r ioa .  C h a r x t c r i s t i c z l . l y ,  i n  th; l c t o  post-trontmcnt par iod,  moun d 
250 d?.ys r f t o r  conclusion of t r o a t n x t  t hz ro  occurad "i t ?niporcry 
dsCr2zS3 i n  c ry throcyts  c o u t ,  cccompcniod by E risJ ic hanoglobin. 
T1d p ic turd  ct t h i s  ti,m VES on2 of rmcrocytic hyperchronic uiomiz, 

This  vas follotrcd 

PlztoL,t  C O U i I t S ,  s t o r n c l  rncrrow s t u d i o s  (nino p c t i x t s ) ,  
prothrombin tim ( n i x  p c t i m t s ) ,  s s d i n w t c t l o n  r.;tr), h m a t r o c r i t  ncd 
ic txmi?  i n d m  ahowlsd ro signif icz9. t  c h a g c s  uhich could 0:: c t t r i b u t d d  
t o  x-rcy s f f a c t ,  

i 

d 

Fron July 1946 t o  D3ca;Lbm 31, 1947, 51 p,?tisr:ts wcrc 
X i c G  o f  th:so patici-.Cs 1;Glongdd t o  t h z  groi1.p t r x . t z d  ir, studiod. 

t hz  .s2riod Octobu?r 1942 t o  Jit-..~: 1946. Throz p t i m t s  wcrs t r d c t c d  with 
100 kr x-r2jrsl :.nd 1 9  pztiioiits wor2 t r a t J d  wit!i ndi3activ.C: phosphorus 
givan ictrn7onously.  O f  ths pzti3,;i.s trs: : td v i i t l i  x-rzys, o w  rocoivsd 
d o i l y  do:;os of 20 r ( s k i r ) ;  t!is ~ W G  o t h s r s  r u c d i w d  d r i l y  d03os of 
10 r ( s k i p  XU r x a i v G d  t o t 2 1  dGSoS of 300 r ( n k i n ) .  
d o u i s  of' FA' v m i z d  fron 3.5 ti. 8 m i l l i c u r h s  givon i n  vizzkly f r c c t i o n s .  
T32 highact  cirL;;-lv. docs givac  KC,:; 2 r i i 3 . l i cux i s .  

'i'h~ tot::1 

. 
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tamporary depression of t h o  p l a t e l e t  count occured in a l l  of t h e  
p a t i e n t s ,  however, so t h e t  it cennot be a t t r i b u t o d  t o  gold therapy. 

I n  August 1947 t h e  hematological project  was enlarged 
f u r t h s r  t o  Include p a t i e n t s  t r e a t e d  w i t h  radio-iodine,  So for, 10 
a d d i t i o n a l  p a t i e n t s  treated with radio-iodina are being studied. 
observat ion period f o r  p a t i o n t s  added t o  t h e  s tudy from t h a t  time on 
is t oo  b r i o f  t o  permit any evaluat ion at t h i s  t ime.  

The 

From J u l y  1946 t o  December 1947, 553 hemrtologicol 
excminctions wore made in the study. A l l  examinations included 
complote blood count with e q ~ h r o c y t o  moasurcment and l oba t ion  index. 
I n  add i t ion ,  approrimotely 100 prothroiPbin, c h o l e s t a r o l ,  heamtocrit , 
and sodimentntion dotorminations were made. 
e x u i n a t i o n s  were dono 

Approximately 185 m d i c n l  
on t h e  p c t i e n t e .  

Besides those l abora to ry  s t u d i e s ,  nowly acquired items 
of oquipment havo been c a l i b r c t o d  nad stadardized. 
were mrdo on a l l  p c t i o n t s  included in t h e  study. 

Charts and graphs 

Motabollsm & E f f o c t s  of Rcdio-Iodine (I  131) 

Earl R. Miller 

The purpose of t h o  study of 1131 In p a t i e n t s  has boon 
p r imar i ly  t o  determine harmful affects of 1131, ccu to ly  and over a 
long per iod  of time In humans. I n  order t o  know t h e  mount  of 
oxposuro of t h o  pa t ion t  t o  thd r a d i a t i o n  from tho radio-iodine,  it 
is importcnt t o  s tudy moans o f  dotermining uptcko of t h o  1131 in 
t ho  thy ro id  wi th  t h e  thy ro id  i n t a c t  i n  t h e  p a t i o n t ,  and t o  study 
oxc rc t ion  of 1131. 

Ur inary  oxcrot ion of Il3l from p a t i e n t s  has  baen 
measured in most c a m s  in vbich thy ro id  uptdco s t u d i e s  wore made 
in o r d o r t o  dotermine what po r t ion  of  the iodine could be accounted 
f o r  by t4rrotd uptake and urinary o r c r e t i o n  by our methods, what e r r o r s  
t ho ro  worn In t h o  mothods, and what f r a c t i o n  of t h o  administored 
1131 wcs b& by o thor  rou te s  of exc re t ion  o r  wcs s t o r e d  in o t h s r  si tee 
in t h o  body. 

Choice of  Subjocte.  A few young doctors  on t h e  house stzff of t h e  
Univorsi-ty of C c l i f o r n i a  Hospi ta l ,  f u l l y  cognizcnt of t h e  dcngers, 
voluntoorod t o  somo as normzl con t ro l s .  
s tud ied  whose thy ro id  i u n c t i o n  was normal, but who wore  t o  hcve 
opor r t ions  on th3  g l a d  for nodules. 
nOIm2llY f’unctioning eland as wol l  as of t h o  cbnormal nodules. A 
numbor of p c t i o n t s  woro choson f o r  s tudy whose primcry disease wcs 

This w c s  c p o r t i c u l a r l y  valuablo group boccuso of t h 2  i n t o r e s t  of the  
p a t i a n t  i n  h i n s a l f  and h i s  disense and beccuse of tho i n t e r e s t  of 

A serios of p r t i o n t s  were 

This pern i t t od  study of the 

The admin i s t r a t ion  of r o l c t i v o l y  largo doses of rthyroidiam. 
t o  thoso p a t i o n t s ,  wcs war rmted  as n troatmont of t h e i r  diseoso. 

. 
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In sub joc t s  v i t h  hyperthyroidism, from 250 pc t o  4000 PC 
vics givo:i i n  s ing lo  dosos. I n  sms  x b j o c t s ,  t h s  dosas vmm roponted 
SO thr.t t o t r . l s  of ovrjr 12,500 pc he72 Lzcn givcn ovdr ,I porioC of c 
f 22Vf nonths . 

I n  subjocts w i t h  c x c o r ,  r t a s t  doso of 2000 pc w s  qivan 
IP o m  ?crs@n doscs of 2600 p , 7000 pc cnd 50,000 pc vmro usuz l ly .  

g i v m .  

- - . . e 4  Tochniouo of Aiininistrit_ion 2nd WocsuromantL 
minis tz rsd  c r c l l y  i n  thc; norning. 
C.C. by c r m o t c  cont ro l lod  burottG cclibrct .3d in .02 C.C .  -per 
d i v i s i m .  
by rctig,?r countar  f o r  i ts 1131 contont.  i.:c,asurmsnts of t t y r o i d  
uptcks wcrc m-iric c;t cbout noon :nd 4 3.1 of tho  w n ~  d.zy, corning,  noon 
cad lct? 9 t s r n o o n  of' t i c  fo!.lowing d.27, mi i n  th> noi*ning of tho 
t h i r d  dcy. i . h m  p o s s i b k ,  znot!i2r i i i~osurcmmt r,m :vmk l2-tcr m s  
m d o .  
were m d e ,  9 1  urints VJLS coiL:ct,cl, irL s o n  CCSE, i n  i nd iv i cuc l  
spac imns ,  r>nrl i n  nos t  of thd casos i n  fou r  12 Loin sm-plos. Th2 iod ine  
cont3nt vies Jotdrmincd i n  thoso. 

Tha iodind ~~2s: 2-d- 
Th;? dose YES c ? . r d u l l y  nccsurcd in 

Thd b o t t l o  contz in ing  thi. doso t o  bi? givon VJCS c!ioc!:od 

. .  

I n  th.: 48 hours during which thd  i:iiti:A thy ro id  mcnsuremcnts 
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. If t h s  >ctimt YK.S t o  50  opm-t-6.  upon, 1 mucsuronant o f  
1131 c m t o n t  of t h s  t h y r c i c  Iizs x d 3  jus t  p r i o r  t c j  surgory. 
roxovod 2.t oporr t i o n  1;:s t-kdn I r o n  t h  opor2r;ing room, mcnsurd  
on t h a  countor ?nd wLighod. I i icroscopic  soc t ions  vioro obtzinzd. 
AQtordiog;r?phs cf thdsa :3er3 obtzinsd. 

ma t i s s u o  - .  

TG dita-mino tb.; u p t ~ k s  of 1131 i n  th.: t hy ro id ,  it w2s 
first  nx;r;ao,ry t o  m k o  c sst of s t m d a r d s  t o  ba us3d cs s u b s t i t i t o  
o r  ' 3 h m q r f ;  thyroi:Is.  
bo t t l d s .  Ecch wzs f i l l o d  with a cqucous s o l u t i o n  of 1131 of known 
Concmt rAion ,  rcnging f r o E  io pc t o  5000 uc.  
ohcsan 53czixs  t h s  so lu t ion  i n  zcch NCS cbout t h a  s m o  Vircight as n. 

Eo50rp:telg anlcygcd thyro id  and it hcs ?.pproximctoly th;  8 a S  C T O S S -  
E3C' t iO:i" l  8r:cz tnd  dspth.  Ti1330 vcrs plecGd 011 2 woodsn ph:..lto!n ri?- 
sociclii,g th.: ;xk i n  s i z o ,  53 cn  bolow thc  f ?cs  of o Ss igz r  c o u t z r  
2nd t k  sumbzr 
is thon g r a p h d  z s . c o u n t s  p r  mirdta ogzinst uc I131. 
stzirlard wc?s uscd cs a constcnt  sourca of g c i r n ~  r cys  f o r  c i i sck iAz 
t h s  corMzncy of t h s  couzt2r.  Thz b:ll-sii-pcd S c o t t  micc? ::indm 
countor VJ-s  nour.tG:b i n  c h c d  cyl inddr  ::hich hzs ldzd rrclls on,? 
inch t h i c k  2nd ?.n i n s i d e  dir-mfctr of 2 1/4 i n c n x .  
~ ' 1 s  7 cn  frorii th3 ri;outh of thl: cyl indcr 'which 2oict;;;d ct tho  pc t ion t  
o r  spLciRi>n. Tho mouth of t!;" L>:A cylindctr WCS covsrdd s:ith t l ccd  
f i l t o r  1/8 inch th ick .  
14 i s c h i s  ill d i - n d t m .  Rcc;n.~!~y wc hc.vu c h : . . ~ ~ p l  t o  :. c y l i n d r i c 9  
Gc i g n  ccju,c.lsr. 

These cons i s t  of 30 C.C. rubbor c?.ppcd sorum 

Thaso bottlcjs s e r a  

of counts pc r  minut2 f r o n  occh wcs rscordcd. ? h i s  
A r:.diun 

Thc c o u n t x  xindow 

Ir. thi.5: .c.y, t h  c o m t d r  tisz~:" L': c i r c l s  nbout 

'Yk; lonk  dist'.r.c.a b,.tw;cn t h ;  tL.yrdi6 cnd countor \'i;.3 

C h O s ~ i l  i n  orCor t h z t  t ; h ~  uncLirt?.ii;ty du;: t o  t h  U ~ I L C Y ~  dopts  OP t ho  
thyro id  i n  tho  nsck would bs  r d u c c d  t o  a riinimiun. Ths h x v y  filtr?.- 
t i c n  in f m n t  of t hz  c o m t  3r :JLS choson sa tli:.:t th ;  8 O ~ v  x-r.3- fro12 
1131 xsuld bs2 C O f i p l 3 t J 1 7  rAscrbo3. 
would in t ro iucz  on crror  zgr.in bcczuso of t h s  unknom dcpth .?r,c s i zc  
of t!io thyro id .  
cf t h i s  con;soiisr,t t h m  would r, t h i c k ,  daoply loc,?tod g2.LnL. I n  
cd5i t ion ,  s inco  t h 3  m o w i t s  of ioGinz t o  b,: nocsurxl  c ro  krg.:, 
th . t  numbor of counts  pcr  minutd wr3 roducild s u f f i c i o r L t l y  EO t h d  
coincidanca c o r r x t i o n s  werc not t roub le som.  

If t h i s  USI..) not zbscrksd,  it 

.i s h c l l c s l y  locaixd t h i n  thy ro id  would chsorb l o s s  

In  d i n g  . thd  nx-zurei,ic.?ts of t h z  1131 contdnt i n  th:: 
u r i w ,  th&.abovc considsrntions of d i s t m c s  m d  f i l t r e t i o n  do not 
cppjly s inco  t h a  u r i n 3  spocimn '  and t h z  stL?r.c?:.:rd c r o  put i n t o  i d m t i c a l  
c c n t z i n n s .  I n  thcs2  cc?sos, s inco  tht mount  of iodin,: i n  t l i d  sr.aplos 
is s ~ . ? . l L ,  c shor t  d i s t n x s  mfi t h i n  f i l t n  worc us3d. 

. 

Ezcr.us; 02 uAczi.tail:tics i n  t h a  coun tms  e~id 513ctronic 
cqci-xA3ct, r. stzndcrd whoso count i; n x r l y  th r - t  of ths thyro id  is 
mr;s!irsd s x h  ti,?;: a t hy ro id  upt:.ko d;.t srr,iin-.tioc v~.s mdc:. . f  
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. .  t h m  movcd ov3r thc; t h igh  r d  t:w couiiting rr.t;d i n  -:his pos i t i on  
w m  d&srminod. 
a d  shr.po of th.;: neck m-d cont-ins Son;, rmscl.; 2nd blood 2.3 doas 
t h s  nsck. Th3 counting rct2 o n r  t ; i i S  ?.rx should ba t h 3  s m o  . ~ s  t ho  
c o n t i a s  rzts ovor tha  nccl; i f  t1i2 t hy ro id  w x 3  not prassn t .  Tho 
nw.bor 02 couqts p o r  minut; dus t o  t h s  thyro id  i s  ccc32tsd 2s 
d i f f m m c o  bctwodn. thosc frcn thd nsck 2nd thosl: from t h 3  th igh .  

Tho this cbov,: t h :  icmc i s  Lpl;ro::im?.tdly t!,; 3123 

tho  

Hdsul ts  of l;s?.sursiats. I n  g;nsral, thl: t hy ro id  t&os  up t h z  c i r c u l i t -  
i:g iodin;: vcry rc?pi?ly. Tha rrdount o f  iodicd i n  th;. t hy ro id  rcczhos 
=. ~ ~ b i m  i n  l z s s  t h a  24 hours ,  r.nd ic son,: ccscs rr i t l i in  c vsry  l o w  
hours; I n  g s n u r 9 ,  tho  thy ro id  r z t - i n s  most of t h a  iodin;: it s a A a c t s  
from t h s  blood strspm. 
of  u g t f h  of 1131 i n  t h 3  thj .roid i s  7. funct iol l  of thyro id  cc . l iv i ty .  
Ssczusc m k i n g  thoss  mo?.surm :nt o i s  s o  t in3 consuming, wo zt f irst  
concdntr-tzd. s f f o r t  on thcl 1- to  m u c . 3 u m m t s .  It w s  f c l t  th:.t t ho  
lave1  of uptciso could b2st  bs fiotsrflindd i n  t h i s  wzy. 
op:,.:rsnt noir, t h z t  mor3 o f f o r t  is n ; o 8 d  i n  studying t h s  czrly p ~ r t  

Thmz i s  Soii13 svidsncs t o  suggest t h ? t  t b J  r c t o  

It bocome 

or  t h ,  uptch, - --I curvc. 

Th2 thy ro ids  cf t h s  normcl s u b j z c t s  took up frm 5 'rccnt t o  
35 pdrcznt o f  th.: cdministor2d I1?l. Tkis p x c o n t  upto1i.s of 1l3: i n  
zziy p a t i s n t  w x  ?,pp?.roiitlg iir.1~1:~ iRdspaiFi::.nt of thd s i z z  o f  th2  dcso 
ii' thc. pc t i cn t  m e  i n  th2  s m c  c m d i t i c n  vhc):; t l u  sr.ir.11 -ad lmgc 
dosss  ars &;ivan, 0.g. first ti:ac.sr t h a l  lrrq$r des;. In  gGili?reL, t h s  
pcrccnt uptzk: of i o i i n u  i;i till: thyro id  is : f a i r l y  d i r c c t  fun t ion  of 
t h s  thyro id  z c t i v i t y .  
hcvz sx t r cao ly  low upt-212s ?.xi aub j sc t s  with hypzrthyroidisn h x c :  
high uptnkds. itovm'n, is spit; ,  o f  t h i s  gjnorcliz::tiori, no s in&le  
tzst  such os =st imt i :d  thyro id  s i z s ,  B.l:.R., protjin-bounC iodino 
i n  tL;J  blood, blood cho los to ro l  o r  cng c o n b i x t i o n  of th.x,: c . 1 1 0 : ~  
u2 t o  g r s d i c t  with rJsrl;ci:?ty vrhnt ths upt:-k.: i n  c givon p z t i - n t  
u i l l  bo. Prs-cioue iodin2 o r  clrug ( t h i o u r x i l  o r  propythiourLci1) 
thsrcpy,  a d  iodin2 i n  food m ~ y  clff'cct thd  t u n t  of Il3l t k t  tho  
thyro id  k i l l  c c c q t  tnd  hold.  Tr:o sub j d c t  s m y  bo i n d i s  t inguishzblc  
c l i i i i c z l l y  x d  by lcborn tory  t o s t s ,  ya t  t h o i r  icidinl: u p t : - h s  w i l l  bo 
g r c c t l y  d i f fo rcn t .  
.pc t icn t  m.?y 'os on h i s  vicy t o  cn axaccrbct ion of hypsrthyroidism 
(high uptzko) m d  t i l2  o th3 r   AX.^ bs on h i s . m y  t o  z ' r m i s s i o n  from 
hypsrthyroidism ( ~ O Y J  uptnks)  . 
of tiio s t u h y  tbt is  u s c w l  c l i n i c c l l y .  

Subjoc ts  : i i t t l  t h y r o i d i t i s  2nd hypothyroifiism 

.- 

I C  sppoors t h t t  t h i s  m c y  bo EO b x r i s i .  th .2  onc 

' i t i s  has  bocon, an import r a t  by-product 

In c d r t d n  cascs  i t  i s  pos?iblo t o  cccount f o r  211 of  
t h ?  cdtainistcrzd iod in3  by rd.dii-4 u r inc ry  oxcrot ion t o  thyro id  uptpko 
but nost of t h J  t imz th , r s  i s  3 d d f i n i t a  2nd s l g n i f i c c n t  '-mount not 
nccountsd for whcn t h i s  is dond. Son2 of t h i s  d incr3pmcy LILY b3 

bocmsc  of feu l t j  n z e s u r s m x t s  but f u r t h x  s tudy is  n a d 2 d  t o  chock 
thcsc: findincs ?Jld f u r t h d r  r;eG,-rch i s  n,?ddc:d 04- win-nls a12 humzs 
t o  study o t h s r  rou te s  of cxcrot ic i i  ?ria o t h s r  stcr7g;;: dzpots  i n  t ho  
body. 

Rosult  s on ?r.t i on t  s . I n  th2  pc t  ix:t s v i t h  prcsum-.bly n o m 9  thyro ids ,  
-t-  --- 

1 1  7 5 1  42 
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w i t h  
cm.:ll dosss (250 pc) v m o  giv:n,  I ~ C  o f f o c t s  :{om rzcowizsd .  Ir, 
p i w n t s  u i t h  cncccr  of th.: t k j r o l d  t o  T?ho:;r moun t s  up  t o  200 pc 
.I: wars g i v m ,  t h o r 3  wcrs GO no t i cczb l s  a f f a c t s ,  but  m y  mor2 
obsorv2tions L r 3  nooddd ar,d f u r t h . n  follow-up is osson t i c l .  Ths 
l?.st rc-cjort Oli 0110 pct i c n t  w i th  vrid2sprocd furrct ioniiig thy ro id  
gul!on?.ry mStcstCses, t o  whoa 50,000 pc I'131 wcs g i v m ,  rovocls  no 
c?dvorso c l in i c t l l  c f f o c t  four  months cft2r thc doso wcs givsn. I n  
s u b j e c t s  with hjrpsrthyroidism, t h z  thyro id  bccma tonds r  3 tdr  z 
dcso of 2bOO pc  vihm tho uptpko wcs ovor 50 pzrcant .  I n  33 of 42 
such sub jcc t s  t n d  d i socso  wcs c o n t r o l 1 4  2nd t hc  p c t i m t s  rc turnod 
t o  norncl. I n  t h z  o t h r  9 th,: ilisocso w . ~ ~ ' n o t  c o n t r o l h d  o r  t hc  timo 
rcquirod f c r  crrsst of t h o  disecsc tvm t oo  long (ovor  6 months). 
Gno dsvclopod m-yxodzm. 1- succcss fu l  c,zsos, thd -.vdrcgo os t in r - tx l  
t hy ro id  woight boforz trsat.mait 'IJCS 31.2 grms zn6 rftcr t r x t k o n t  
it 1"1?.s 13.3 grczs. Tho B.X.R. d r o p p d  from c.n r.vsrrgs o f  +28 pCrCCnt 
t o  ona of -9.9 ps rcc r t .  Thz cizorngc cuiount of r;rot:;ir:-bound iodinc  i n  
t h a  blood droppGd f r o n  10.7 t o  5.7 q. parc3:lt. (Xormcl 4 t o  7 rrg; 
porcont)  . 
small (250 pc )  Pnd rspcctxl  IT.i>g t ims. Lc%oly, t h2  usurd i n i t i z l  

w7.s givcn c m  norith c f % c r  thc: f i rs t  dsi t .  Ir, ?. f d v  c c w s ,  up t o  4 
' 

such dosos hcv,: bcaii criministcrdl.  1:i 2 viry L'm of th,: l z t a s t  c z s ~ s ,  
3C09 'pc o r  40CO ye vlorc: triocl :.s iiiiti.3 dosos. 

F u r t h m  5 h d i o s .  Blood: Caly rcutinc! blood studi.;s ?.Ti) cv:-.il?.bla znd 
thoso hr.v3 m o c n  edartquatzly follouoci. Th,rz i s  no;;d f o r  2 d2 tc i l cd  
ndsqu2ts s tup j .  
tochnic izn  a i d  spec3 2vZilr.blo f o r  t h i s  war!(:. Blood protGiiis: It 
hC.2 h ~ r ,  O b s J r i r d  by 9r. ','rumdl .=t I:Limorin.l Eospit- . l ,  1Jc.j -fork, 
t h t  2I'tX vcry 1crg.J doszs of r? .diczct ivs  iodin; t o  Q p.?tiont vrith 
func t icn ing  notc..stosos frm :. c-rcinoi~a of t>> thjrroic,  th:.t one of 
th.: o f f Jc t e  I'?:-s c scv3ro dro2  i n  t L  s c m  z lbwsn .  Th i s  sf;o.ul? bo 
s t u d i s d  i n  p?.tiziits rocoiving smzllor dosas. 

without nodules, an2 thoso wit!! hypo,-.ctivo thyro ids ,  t o  whom 

Tho nverr.g.2 doso ~ J C S  2726 pc1131. A t  first t i lo  doscs wcro 

dOS3 h c ~  beGI1 2000 UC I131. I n  mst pc t ia i l t s ,  2. S.;COild doso of 2000 uc 

T h i s  skould  b s  poss ib l s  now with 2 hzmn' iolo~y 

' Ihys i c21  ' rc tcrs  of l d d c s * u d , i G G .  The. tirtic rbqui rsd  t o  II~: ks routin;! 
mscsuramts on p z t i s n t s  is t v ry  grez t .  
rmta r s  has baog mzdd i n  our itfTort t o  s h o r t m  th,? tin;. rdq?Jirad f c r  
individuok obsarvzt ions.  
purp030, up t o  t h i s  tics. Tiiors i s  x o d  t o  m c k s  c fiior3 cddquct,? s tudy  
of t ho  asrrct of dist<-r,ca, f i l t r r t i o n ,  s i z o  of s tcndcrd  b o t t l d s  cnd 
siza of f i a l d  of m c s u r m o n t ,  on tho  cccurzcy of m,asurcrar,ts of thyro id  
upt  -k3 m 

An c t t m p t  t o  uso countiug r3tc 

This lics not prcvod cccurZtG a~ough f o r  t h c  

EJlimC.1 Studios .  
cnimcls should bc mclda. 
vork hcvs bocomo cvc i l cb lo  t c  stirt t h i s  work. 

F r o t o i c  F r a c t i o m t i o n  of IlZ1. 
blood contont of 1131 aftor o r a l  c&ninis.trFtior, o f  1131 should bo mado. 
I n  ?.adition, tht2 p r o g r m  should b2 sxpcndsd by s*2tti:G up I biochomical 
l cboro toc r  t 3  pjrmit  $ha s tudy of the: prot3i.n i r c c t i o n c t i o n  of 1131 i n  

Dotc i l sd  sfudic;s of o r g m  d i s t r i b u t i o n  O f  1191 i n  
himcl q u c r t c r s  cnd spccc; t o  c c m y  out t h i s  

A stcldy o f  th; r:te of riss r c d  t o t 2 1  cc - 
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t h o  blood 2nd i f  possibld,  i n  o t k m  body f l u i d s .  
f u l l s r  unZcrstr:=ldins of t h z  m x h x i s m  01’ i c u i i d  u t i l i z z t i o n  x i d  of 
tf iyroid nctzbolism cnd pliysicjlogy :!KG p:rh-.ps giv2 th.: bost  tcst  of 
s ig i i i f ic -o t  Kpt-.k\: nnC r.ction o f  I 131 , 

yff.rc5 of I n m t  I o d i x  and Ant i thyro id  3rugs on i131 Upt?kc. 
inpcjrtr n t  p r o b l m  hfs bzan s t u l i o a  only s l i & t l y ,  boccuso of tha  
d i f f i c u l t y  of sottir;; up such Gxpximznts i n  p- t ionts .  
bs  pursuzC i n  h u i  s u b j x t s  w h m d v x  cn opportuni ty  p r a s a t s  it- 
s a l f .  h i m 3 1  3zp~r i rn .n ts  t3 x x m x  t h i s  q u m t i o n  mst z l s o  bs 
st ::rt 3 d .  

Thio should giiia c 

- This  - --- ----- 
It noctds t o  

Throughout t h i s  work WJ hcvs ccczptzd t h 3  O c k  Rid& 
c z l i b r c t i o n  cf t h ;  n i l l i c u r i a .  
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IV. HZ:AL?li CEGiISTRY 

5. 8. Garden 

Over t h e  p a s t  t h r e e  mor.ths t h e  developnent i n  equipment and 

By t h i s  it i s  nieant t h a t  
t e c k i q u e  i n d i c a t e s  t h a t  a po l i cy  of absolute  c o n t r o l  Over r a d i o a c t i v i t y  
can j u s t i f i a b l y  he set as an ult inate goal.  
r ad ioac t ive  m a t e r i a l  can be s to red  and processed under such condi t ions 
t h a t  v i r t u a l l y  a l l  escaping or  waste p a r t i c l e s  are t rapped and helc! i r ?  
a s s o l u t e  con t ro l ,  and any contaminated equipment can be cleaned or d i s -  
posed of a l s o  under ebso lu te  con t ro l .  

. 

Objectiocs- h a w  been r a i s e d  t o  t h i s  po l i cy  on the b a s i s  t h c t  it 
i s  winecessar i ly  severe i n  some cases  and unobtainable i n  others .  
ever ,  when t h e  ob jec t c r s  become faxiiiar v:ith t h e  progrsss being m-de and 
w i t h  t h e  broad i n d i r e c t  advantages acnieved, t h e y  usua l ly  j o i n  'in t h g  
support of t h e  pol icy.  
necesFary to secure . cooperaticn of t h e  
O t h r  --.is8 t h e  use of the s a f c s t  and mGs t ' e f f i c i en t  equipnent would prove 
a f a i l u r e .  
coop~~re+. ion  dar ing October, Yovember , and December. 

How- 

For t h e  program t o  be succe,ssful it i s  f i r s t  
o rke r s  i r i o l v e d  v:ith r a d i o a c t i v i t y .  

Great progress has been made alone. t h e s e  l i n e s  of obtaining 

Ti:? ou t s t and i rg  po in t s  vhicli have cca t r ibu ted  so g r e a t l y  toward 
geining t 9 a  conf ideme of those working .witii r a d i o a c t i v i t y  are: 

. 1. !Jo corkamhatior..  
2. 
3.  !.Jorkable teciniqu53 f o r  r e c e i v i r g ,  st cr ing , t r anspor t ing  

Successful  rmoi;e process con t ro l  and manipulating devices.  

a3d dis_sosing of a c t i v e  mater.ia1, whether ssiuples o r  waste. 

V o  colitaminationff r e f e r s  t o  t h e  f a c t  t h a t  where samples could 
give cfl' p a r t i c l e s  t h a t  n ikh t  spread contanhiat ion,  t h e s e  are kept i r ~  
t o t a l l y  P;nclosed containers  u i i t i l  Litroduced i n t o  a control led wcrk s i t e .  
l h i s  prvsdclre e l i ! i n a t e s  f l o c r ,  c lo th ing ,  and air corkaidnation 2 : i t i l  a 
corr2spcnding e l i m i ~ a t i o n  of personal  hazard. 
m n t t l  r e l i e f  t o  t h e  worker, thr: savirg in a r e a  rr.onitcjring a i 3  a i r  
monitoring, as w e l l  a s  c l o t h e s  l a m d e r i n g  aiid a r e a  decontarnication more 

n 

The r e s u l ~ i n g  values of 

expense or" t h e  spsci  a1 p le rn ing  an.?. equipnent development 

b j e c t o r s  f e l t  t h a t  zany  workers are concerned K i t h  so  l i t t l e  

cases  t h e i r  i r ives t iga t ion  u s u i l l y  d e a l s  wi th  but a few counts, and although 
no h e a l t h  hazard exists, a t e c h c i c a l ,  spurious contvainat ion of a few counts 
may introduce e r r o r s  of l a r g e  magnitude i n t o  t h e i r  work. Thus it becomes 
v i t a l  t o  e l i n i n a t e  t h i s  small  t e c h n i c a l  contamication. This becones more 
and co re  t r u e  as  eouiprnent and technique a r e  developed t o  do t h e  work 
without l o s s  of tin2 and 1 5 t h  g r e a t e r  efficient:! under t h e  no contamina- 
t i o n  pol icy.  

no hazard exists 2nd no przcaii t ions a r e  cecessary.  I n  such 

t 

? *k 

Unde; item (2) above, during t::e period of t h i s  r epor t  progress  
P a r t i c u l a r  has been m d e  i n  developaefit aild s t znda r i za t ion  of equipment. 

sucess vas achieved k i t h  2loved boxes and t h e s e  have been 1argzl.y 
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standariz&$ogether  n i t h  t h e i r  f i t t i n g s  and the  hoods i n  which t h e y  are 
used. k a t  t h e  room contaninat ion c h a r t s ,  t h e  hand count c h a r t s ,  
t h e  a i r  analysis c h a r t s ,  and t h e  f i l a  badge readings lists w i l l  g ive  
concrete  evidence of t h e  lack of t h e  preserxe of contamination, which i s  
l i r e c t l y  a t t r i b u t a b l e  t o  t h e  use  of t h e  gloved boxes. 
are q u i t e  u n i v e r s a l l y  used, e s p e c i a l l y  where any appreciable  amounts of a 
alpha z c c i v i t y  i s  involved. 
beta-gama box, s i t h  laminated l e a d  g l a s s  windov., equivalent ir. abso rp t ive  
cepac i ty  of 29 inches of lead. 

"he gloved boxes 

Of most r ecen t  develop!.?ent, hov:ever, i s  a 

With the  a c q u i s i t i o n  of a t r u c k  f o r  t h e  Health Chemistry 
Sect ion,  t h e  t r a n s p o r t a t i o n  of r a d i o a c t i v e  ma te r i a l s ,  such as t a r g e t s ,  
shipment s, e t c  . , and wi th  t h e  d e v e l o p e a t  of s a f e  and easily handled 
t a r g e t  c a r r i e r s ,  contamination has been f u r t h w  reduced. The disFosal 
problem is adequately taken care  of by t h e  c e m n t - f i l l a d  d m  technique 
o r  cement clock package. Transportztion of waste on the  p r o j e c t  i s  c a r r i e d  
out exc lus ive ly  in the  Health Chemistry t r u c k ,  thereby eliainatiAlg t h e  
p o z s i b i l i t y  of irxU.scrLninate leaks or  s p i i l s  i n  o the r  p r o j e c t  automobiles. 

LM9/2-2-48 
Informat ion Div i s ion  . .  .- . 
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