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He& 
Lungs 
Spleen 
Blood 
Liver 
Killney 
Adrenals 
Thyroid 
Lymph G l a d  
Pancreas 
Brain 
Fst  
St onach 
sm Int 
Lg 
Bone 
Lwcle 
Skin 
mnaQp- 
U r i x m P  

* .  

16 days 
e Per - or= 

003 
e 21 . 16 
.44 

.27 

.01 

0 01 
.03 
e o 1  

04 
o 15 
e 4 0  
e 39 

2.47 
66 

0 39 

16.6 

0 

29.2 

48.5 
1KT 

$ Ijer 
gram 

. 04 
0 12 . 25 
.04 
2.19 
.19 -- -- -- 
a 04 
e 0 1  
004 
o c3 
.04 

1.32 
o 03 

o 03 
e 03 

-- 

64 days 
$ Per - o r e  

D 02 
e l  8 
.14 . 03. 

6067 
e 33 
001 

?'I 

0 
O b -  

092 
e 0 1  
,01 
0 12 
18 

o 37 
20.8 
4.08 

0 3 8  
001 
e 79 

66 .O 
1~ 
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E+r-,r:.li*m 1s prioaarily excreted v i a  the  urine althouzh 
t? a lsaser oxtaat .  Ber;lLi&, is not de?oZitcd i n  t k s  

f a r a i  cxcret~on t & e ~ -  :::I:- 

soft tissues of t h e  L + T  * . 
er.:r 2 , r c s . T  llezrae with the ozcsption of l i v e r 8  kidney, s p l e m ,  and blood r5:. ? < .  

3*.:, p i - i c . ~ ~  The rasults  obtniaod upon those and other t i s s u a s  ar? s*uu2diL?i ?.:. 
T&le 11, Although a considerable f r zc t ion  of t h e  Be7 ;7as absorbed fro.? t!i.?,1:::t'" 
tion site. bet'ireen the 16 and 64 day time in t s rva l s ,  i t  is appmnt  that t 2 a  rex::-. ? 

r9f .beryl l ium i n  the bone is high under t h s  conSitions of t h e m  eqerlmclit s; 

. -  

. 



UCRL 157 

, 

* .  . .  

-7 - 

Eeart 
LUgS 
Spleen 
B13od 
Liver 
K i  Iney 
Adraual 3 
Thyroid 
Lyjmph Glands 
pancreas 
Er i in  
Fat 
St. onac h 
sm ~ o t o o t f n e  
Lg Intestina 
Bone 
bluscle 
Skin 
Eyes 
pI*atapy 
GOntBds 
U* 
Feces 

16 days 
$ per % per 
organ Bram 

07 o 09 
.43 14 
020 e 28 

1.44 0 11. 
5.25 48 

J 84 0 45 
0 02 
0 02 
002 

002 001 

0 1% 04 

034 0 02 
28.8 1.55 
1.60 0 01 

o 41 0 01 
01 0 c2 

.09 o O? 

D c2 0@5 

27 o c4 

-_ -- 
009 o 04 

43.4 -- 
*- 1E e 5 

1 E  

. 
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TABLE I11 

0 
0 10 . 13 
.23 

1.17 
18 

.63 
0 50 

.80 

.37 
0 
" 3'7 

2.24 

80.2 

13.1 

0 
.07 
.13 
0 02 

. 60 

.07 
07 . 57 . 01 

0 01 

10.9 

07 

-- 

1.44 
1.44 
1.44 
5 . M  

2.88 
20.1 

-- 
2.16 

24.0 
15.8 
4.32 
1044 
0 

13.7 

1.44 
.72 

2.16 
.72 
3.60 
1.44 -- 

0 12 
0 18 
.13 

1.02 

.82 

.47 
083 

2.15 
1.12 . 09 . 59 
1.44 

73.9 

.27 

16.5 

.1E . 11 

.16 
0 09 

10 " 8 
F J  

0 12 
0 15 
.I? 
.76 

r, 3 

. 
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Heart 
L w s  
Spleen 
Blood 
Liver 
Kidney 
Adrenal8 
Thyroid 
Lymph Gland 
Pancreas 
Brain 
Fat 
Stomach 
sm Int 
Lg Int 
Bone 
rnscle 
skin 
Pituitary 
Gonads 
Eses 
Urine 
Feces 

1 day 4 days 16 days 
% p e r  %per %per $ p e r  %per $per 
organ Bran organ pan organ gram 

18 
036 
0 2 7  
0 5 4  

3.09 . 03 
0 0 4  
-03 . 14 . 01 
0 5 4  
2.86 
2.72 

3.04 
2.45 

. 02 . 02 
3.54 
3.67 

50.4 

26.0 

.23 
18 
41 
e05 

10.5 
2.13 

36 
01 8  
001 
0 0 4  
.32 
.a 
50 

1.91 
.04 . 09 
. 23 
.05 
e- -- 

005 . 27 . 21 
.ll 

084 . 02 . 01 
e05 . 01 
. 49 . 81 
1.59 

2.38 
1.31 
.Ol . 02 . 01 

7.07 
5.98 

51.3 

27.5 

. 11 
14 . 27 
.a01 
6.61 . 41 
1.04 

30 . 09 
001 
03 . 19 
009 . 21 
1.78 . 03 

.05 

a l l  

.03 

_- 
-_ -_ 

05 . 19 . 19 
002 

1.11 . 02 . 01 
.03 . 01 
. 24 . 53 . 81 
1.53 
.82 . 01 . 01 
.01 

7.32 

33.3 

29.5 

24.4 

07 
07 
019 
001 
4.15 

0 5 8  

009 

. 01 . 02 . 09 . 05 . 10 
1.97 
002 . 03 
. 05 
001 

-- 

_- -- 
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TABU V 

DEPaSITION U230 IN TRG IiAT FOLLOWING INTRpdmJSCULAR ADKIXISTRATION. 
VALUES CORRECTED FOR RECOVERY AND ABSOBPTION FROM INJECTION SITE G m '  

As PERmm OF DOSE 

1 day 4 days I 4 days 11 16 days 32 days 
%per % p e r  %per %per $per %per $per $per $per $per 
oruan Bran organ mam organ gram organ gram organ gram 

He.*" 
LuJz3 
Spleen 
Blood 
Liver 
Kidney 
. Adrencils 
Thyrol d 
Lymph G1 

. Pancreas 
Brain 
Fat 
St omoch . 18 
L u g e  Int 4.94 
Bone 9.46 
Wscle 6.15 
Skin 040 
Eye s . 01 
Pi%uitary 0 
Gomas mol 
Urine 60.0 
Feces 6.33 
Tibia 
Tibia Head 
Femur 
Sksl + 1 bone 

$ E l a l l  Int 053 

0 0 
.03 .02 
.02 .03 
-05 -01 
-15 .02 

11.7 7.18 . 01 
0 0 

0 0 
0 0 

.09 

.01 . 10 
08 
.57 
e 60 . 07 
.01 . 01 
0 
001 
-I 

-9 

. ;' --  . 

0 
001 
.01 
01 
.21 

b 01 . 01 
11.8 

. 01 . 01 

. 01 
07 
-23 

. 57 

.21 
001 . 01 . 01 

5.99 

10.9 

70.0 

0 
001 
.01 
.01 . 02 

7.50 

. 01 . 01 . 01 . 01 . 01 
001 . 04 
68 . 01 . 01 . 01 
. 01 -- 

002 * *01 * . 01 
.OP 

.04 .04 001 
.01 

.45 -04 . 09 
13.0 7.30 1.48 . 01 . 01 

. 09 
15 
.22 

16 
044 

60.9 
10.8 . 11 . 31 

b 4 8  
12.9 

002 
m o l  

. 02 03 . 01 03 
-03 b 10 

3.66 . 01 . 37 . 02 .16 
02 . 01 
.01 -- 83.7 -_ 10.3 

.63 
1.05 . 55 
.71 

. 01 
002 
002 . 01 
002 .13 001 

.42 .19 e 90 

. 01 

.03 . 01 
0 01 
.02 . 01 . 02 . 21 . 01 
.01 . 09 
'.05 -_ 

. 02 
e 13 
0 

11.4 . 97 
.03 

75.9 
10.9 

. 01 

.01 
0 
.46 . 01 
.01 
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The U2= usrd for  t h e  1 day, 4 day Group I, 16 day, and 32 day s tud ie s  was 
obtained from th. chemistry Divisi 
da t e ron  bombarded thorium. The IJ% used on t h e  4 day Group I1 studies vas pm= 

reac t ion  on Th2=. 
had deca ed t o  form 382. The Pa230 and Pa 
d m t s ,  f 3 2 ,  and EIlnan t r a c e s  of 
L a p  at which time the U2m and 
t h e  preparation by the U 2 s  by decay of Pa233, was observed t o  be less than  2% of t h e  
t j t a l  uranium ac t iv i ty .  

'Jantidium. 
cmpleted i n  rats. 
injection. 
tho Vanadium is excreted in both ur ine and feces ,  
the  former playing a predominate part i n  t h e  e a r l y  time period. A w i d e  d i s t r ibu t ion  
of v48 occurs i n  t h e  t i s s u e s  of t h e  rat a t  ea r ly  time periods following intramuscular 
administration. 
muscular administration. When administered o ra l ly ,  4 I s  not absorbed t o  any great  
oxtefit from the  gas t ro - in t e s t ina l  t r a c t .  
presented in Table V I .  

Zirconium. 
intramuscular administration. The results ee with those obtain8d at ecr l ier t ime 

value obtained a t  128 days was higher than th i s ,  being 21%. 
residue in  muscle is poorly mobilized by the body. A t  these time periods,  t ha  
skeleton remains the  primary depository of the  re ta ined  2295. 
were found i n  the soft tissues. These data are presented i n  Table VII. 

of t h e  Argonae National Iabora tor ies  from 

F a a d  in t h i s  l a b o ~ t o ~  from bombardment of thorium t o  produce Pa2m by t h e  d-4n 
target wa8 allowed o cool so that t h e  short-l ived Pa232 

This preparation was allowed t o  decay for 25 
h 3  were i so l a t ed  iron t h e  f i s s i o n  pro- . 

were isolated.  The a c t i v i t y ,  contributed t o  

A complete study upon the d i s t r i b u t i o n  of car r ie r - f ree  V@ has baen 
This element is r a t h e r  r ead i ly  obsorbed after intramuscular 

A t  1, 4, 15, and 64 days after administration, Zsg, 235, 946, and 5% of 
remained at the in j ec t ion  site. 

Clearance fromthe body is almost com l e t e  64 days a f t e r  i n t r a -  

A summary of the intramuscular studies is 

Metabolic t r a c e r  s tud ie s  on Zrg5 have been completed t o  128 days a f te r  

periods. A t  64 days, 1% of the in jec ted  Zr % remained a t  the in j ac t ion  site. The 
It appears the t  Zrg5 

Measurable anisunts 
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TABLE VI 

U I S E Z G V T I O N  OF e IN TISSUES CX? 5 RAT FOUOWINC l3lRAMUScuLAR AD?LINISTRATION 
IX CARRIW-FREE STATE. VALUES C O R R E C m  FOR ABSOKpllION JW R E c m Y ,  EXPBESSED 

AS PERCENT OF DOSE 

. 21 

.46 

.68' 
4e60 
8.69 
6.41 . 02 . 02 

. 21 
o 05 
0 %  . 99 
3.66 
6.12 

7.65 
5.14 

0 02 . 02 
36 

14.1 

32.3 
7.82 

16 
26 . 53 

030 . 78 
2.65 

043 . 20 
003 
0 2 8  
033 . 43 
.66 . 68 . 07 
.18 

07 . 12 -- -- 

. lo 

.29 
63 

le52 
6.23 
4.35 . 01 
.01 

0 19 
003 

24 
96 

1.40 
9.94 
4.96 
4e46 . 01 
001 . 57 

39.6 
24.3 

. 10 

.18 . 65 . 11 

.64 
1.82 

. 47 
15 
001 
06 . 13 . 13 . 21 
.53 
04 
18 

. 03 

.17 -- -- 

05 
15 . 45 . 20 

2.37 
1.57 . 02 . 01 
. 10 
.02 

. 10 

.54 
41 

8.98 
4.15 
2.73 . 01 . 01 

m 3 8  
44.0 
33.7 

007 
0 0 8  
0 3 8  . 01 . 22 
-76 

. 35 
0 10 . 01 
e 08 
.01 . 04 . 04 . 47 
04 . 11 
. 02 
.13 -- -- 

.c3 
04 
15 
001 
089 . 26 
001 . 01 
0 . 01 . 01 
.02 . 22 
.lZ 
4.58 
2.19 . 93 
0 . 01 . 29 

54.7 
35.4 

03 . 02 
17 . 01 
08 . 09 

a 0 4  

0 
-02 . 01 
001 . 01 
002 
.01 . 23 . 02 
03 
0 . 01 . 09 -- -- 

Heart 
Lungs 
S2leen 
Blood 
Liver 
Kidmy 
AdreIlds 
Thyroid 
Lyc;ph 
Pancreas 
Brain 
Fat 
Stomach 
Sm Int 
Le" Int 
Bone 

: Muscle 
SOin 

$ 

Pi 'c Qi t cry 
E j 5 S  
GcnaSs 
'Jrirs 
F e c a  

. 
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TABU V I 1  

DEPOSITION OF CARRIER FREE Zrg5 IN TISSUES OF RAT FOILOWING 

FROM L;EFT I;Ec AND FfEcoVERp 
l3lTUWSCULAR &WINISTRATION. VAUSES COFtRBCTED FOR ABSORPTION 

Heart 
Lungs 
Spleen 
Blood 
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph Gland 
Pancreas 
Brain 
Fat 
G. I. 
Bone 
Muscle 
Skin 
Gonads 
Urine 
Feces 

. 11 
36 . 37 
26 

2.22 
1.49 
04 . 01 
04 
.11 
002 

1.59 
23.0 
4.10 
2.99 
1.29 
5.04 
56.9 

.ll . 22 
049 . 01 
.29 
.75 

46 . 15 
001 
009 
006 

1.33 . 03 . 10 
0 4 3  -- -_ 

128 Days 
% Per % Per 
organ gram 

. 12 .13 . 31 16 
29 0 3 8  
-16 . 01 

2.12 . 20 
98 . 37 

0 0 4  
002 

.74 . 10 13 . 01 . 01 
-06 . 02 
1.34 . 06 
21.1 1.04 
5.31 04 
4.88 . 10 
1.47 . 46 
12.2 -- 
49.4 -- 

. 
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+ '  . Decontamination and Bone Ee tabo l im Studies  

Effect of Sodium Citrate and Zirconium C i t r a t e  Treatment on Radioactive Stron%ium 
Retention and E5rcretion. 
proven t o  be one of t h e  most e f f ec t ive  means of removing in jec ted  plutonium or redio- 
ac t ive  yttrium from the body. There is a tremendous increase i n  ur inary excret ion of 
these elements, and bone r e t en t ion  is decreased. 

Immediate and massive in jec t ions  of zirconium citrste heve 

In  the following experiment, t he  e f f e c t s  o f  sodium c i t r a t a  and zirconium 
c i t r a t e  treatment on t he  re ten t ion  and excret ion of radioact ive strontium were 
i tves t iga ted .  Adult female rats, weighing 300-350 grams rvere in jec ted  in t raper i tonea l ly  
with 8 microcuries of car r ie r - f ree  Sr89,90 .  
rats each. 

They were divided i n t o  three groups of 5 

a )  

b) 

Control Group - no treatment 

Sodium Citrate- received 1.6 ml of a lo$ sodium c i t r a t e  so lu t ion  by in j ec t ion  
in t r ape r i tonea l ly  immediately a f t e r  the  dose of radiostrontium. 

Zirconium Citrate - received 1.6 ml. of zirconium c i t r a t e  so lu t ion  (PH 6 )  
containing 40 mg Zr, and ci t ra te  ion equivalent t o  "bW above. This  w a s  
administered by in t raper i tonea l  i n j ec t ion  immedietely after t h s  dose of 
radiostrontium. 

c )  
i * 

The animals were placed i n  individual  metabolism cages a d  ur ine  a i d  feces were 
cc l l s c t ed  separa te ly  f o r  three days. 
t i s s u e s  and excreta  were analyzed for radiostrontium. 

A t  t h i s  time the animals were sacrificed and 
.. . .  The r e s u l t s  are shown i n  Table 

. VIII. 

There appears t o  be no s ign i f i can t  e f f ec t  of sodium c i t r a t e ,  Urinary e x x m i o n  - 
Gf r d i o s t r o n t i u m  by the  zirconium ci t ra te  treated animals was highgr then  t h t t  i n  
the c m t r o l s ,  but t h e  difference was not s t a t i s t i c a l l y  s ign i f icant .  
d i f f s rence  i n  r e t en t ion  i n  the carcass.  

Fitre ;i;eS no 

Tais decontamination procedure, 40 e f f e c t i v e  with r a d i o - y t t r i m  and p h f  rJIliUm, 
appears t o  b e  of no value in t h e  case 'o f  radiostrontium. This d i f fe rence  iIi behavicr 
is in l i n e  with the Arndanental chemical and b io logica l  differances of  these  zieaents.  

Ca..2arison of the Metabolism of Carrier-free Badiocalcium, Radiostrontium, and Rsdio- 
barium i n  t h e  Yrrpne Rat. Because of the s ignif icance of calcium i n  bone metabolism, 
and the  importaafta or radiostrontium and radiobarium as f i s s i o n  products, a comparison 
was made of the btabolism of ca r r i e r - f r ee  radioact ive isotopes cf a l l  three of these  
a lka l ine  e a r t h  metals. 
it was f e l t  t h a t  such a study m i g h t  reveal s igni f icant  differences i n  the i r  b io logica l  
behavior. 

, 
Although t h e  general  s i m i l a r i t y  of these elements is recognized, 

The animals used were 48-52 day old young female rats, i n  which ac t ive  growth aad 
new bone formation was taking place. 
07. rh i3  a i e t  f o r  t h e  durat ion af the experiment. They ::ere injectod parar i tsrel ly  with 
tke r k 3 i o ~ c t i v e  isotopes,  and vier9 placed i n  individual  netcbolisin cages s~ t h a t  u r ine  
and f e s s s  could be co l lec ted  separately.  
t i s s u e s  &id excreta  were analyzed for radioact ive i s o t o p s  present. 
ehevm i n  Table Me 
t he  admiuistered dose, corrected t o  100 percent,  and plus or minus the  stanaard devia- 

They were reared on a normal d i e t ,  and clzintained 
. 

After 4 days, they were sac r i f i ced ,  and the  

For d i r e c t  comparison, the values  a r e  expresaed as t h e  percent Of 
The resdts are 

e elements were concentrated i n  bone, w i t h  very l i t t l e  Jn the  so f t  

. 
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TABLE VI11 

Group 

Control 
i 

J 

Sodium 
Citrate 

. .  

Zirconium 
Citrate 

. .  

- Feces - Fenir - Liver Carcoss Urine 

45.1 33.6 0.8 0.05 20.5 
+3.4 - +0.04 - +G.1 . - +2.2 - +5.6 - 

45.2 33.2 0.9 0.05 20.6 
+1.2 +0.1 +4.8 -- +0.02 - - +4.4 - - 

54.4 26.4 0.6 0.04 l f . 5  
+5.1 
u 

+o P 01 - +0.3 - +2.8 - +4.6 - 

*Values given are expressed as percent of the administered dose, 
comaQd to 100 percent, plus-minus the standard deviation. 
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DIS!FRmQN OF CARRER-FREE RADIOACTIVE BABIIIM, STROIJTm, AND 
CAICIwb FOUR DAYS AFTER INJECTION INTO TBg YOUNG, NORMAL BAT* 

Carcass 

Femr 

. .  
Urine 

Fsces 

-16- 

- Barium Strontium Strontium 

In t r ape r i tonea l  In t r ape r i tonea l  Int  ramusculm 

5 

57.8 
+6.7 - 
2.9 
+0.7 

13.1 
+4.4 

23.3 
+3.4 

- 

- 

8 

70.3 
+5.1 

3.3 
+0.6 

13.5 
+6,6 

11.3 
+3.4 

- 

- 
- 
- 

6 

69.6 
+2.9 - 
3.2 

+O. 5 

13.5 
+3.1 

13 .? 
+le 5 

- 

- 

- 

Calcium 

*Values given are expressed as percent of t h e  adininistared dose, 
p c r ~ s c t e d  t o  100 percent, plus  o r  minus the standard deviat ion,  

- 

F 
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C.xr~parative d i s t r i b u t i o n  s tudies  of Ca45 and S S g  hi ssfX tissu93 as w e l l  
as bone are as follows, 
i so tcpes  intramtlscularly and sac r i f i ced  four days later.  
handles these  two related elements i n  a similar manner" the  comparative deposi- 
t i o n  d?a2 not apgear t o  be ident ica l .  Absorption from the  in j ec t ion  s i te  w a s  
alm.Jst cmplet.6 for both elements, being 2.6$ and 4.3% i n  the  two caizium s tudies  
and 5.09% in  t h e  strontium study. Relat ively more calcium than  s t rcnt ium was 
saored i n  t h e  hone. 
t h e  exception of skin,  i n  which case r e l a t i v e l y  more calcium w a s  stored in the  
sKir again th-m ;ws strontium. Furthermore, it appears thzt l e a s  calcium W h S  

e fecal ex;reticm appears t o  be 
corapr3?iee Tns d i s t r i b u t i m  of Ca4$ a n d  S 3 t h  i n  t h e  scf3 t i s s i i 6 5  cf tne rat as 
excrete3 in t%e  *aim than strontium a l t h c  

well 8: veriii',s ca lc i fe rous  s a p l e a  are presented c c  TaYles X F a t ?  XI. 

Three groups of animals were given e i t h e r  o r  both radio- 
Although t h e  body 

The values obtained for the  sofc  t i s s u e s  were comparable wi th  

i? pr33Fnts a ser lour  &mrd from contamination of fo.:d ;,I- i';ht52 s t : ~ ~ ~ y e  
ri.5-?5- ~ ? l c ~ ; u n  excret ion and e f fec t s  new bone fornazimi. T!ie e S t ' ~ ~ , t  of fssting 
oa radiostrontium absorption, r e t en t ion  and excrssior: was s t u d l e i  ir the  fcl lcwing 
experinent . 

Fast ing 

Y s u g  adul t  female rats were f a s t e d  f o r  t i v c J  days. T w n t y  i r . i - - r  
carrier-free radiostrontium was adminlstsred by s toimci  tuce : 
injen,r,ion. The7 were placed i n  individual  metabailsin t~lgcja, P 

urine snd feces  were col lec ted  separately,  A f r e r  T S ; ~ C F   ea;.^. 
sacr i f iced  an9 anaij-zad f o r  radiostront iu ,  Tke :cntro,s Y;G:%= fe; 5 :  
before mci during the  experhlefit. The resalts a r e  s ~ ~ ~ . J x  LL ;"A: e A.1 

bath 

X* w i i l  be noted tha t  t h e  fasted animais aksorh9d f:m - h e  T I -  3. --CT6a 

i n  tnc kdjr  twA?,e GS much radiostrontium ES d i d  ~ k e  cil ;*rcls.  2 = 7 : : part 
ham been dds t o  t h e  prolonged retention of rsdiostronriuni I-? $Le g;.s !almost 1/5 
of the  dose stili remained i n  the i n t e s t i n e l  t r a c t  a f te r  three  days,)  

F? l l%ing  in t raper i3orea l  i n j ec t ion ,  mor6 rsdios+rsn+; iiri was ZeTained by the 
fasted snimals and only 1/4 as m c h  was excreted in urine and feces as irr  the 
controls.  This is no doubt associated with the diminished c a l ? i m  sxcre%ion during 
fast izz. 

The resms ind ica te  an inzrezsed hazard of r e d x s t r c n t i w n  saitanlnation in 
fasted indivicluals. 
dietary oondition cf the  animai i n  s tud ie s  03 rc3icstmmntrm me+abslism. 

They a l s o  ind ica te  t h e  d e s i r a b i l i t y  cf contrs i1k.g the 
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TABLE X 

J 

DEPOSITION OF ~a~~ IN RAT 4 DAYS AFTER ~ ~ ~ ~ S C U L A R  -STRATION 
VALUES CORRECTED FOR ABSCRPl'ION IN UFT LEG AND RECOVERY 

of Dose 
k Per k per 
organ gram 

Heart 
Lungs 
Spleen 
Blood 

Cells 
Plasma 

Liver 
Kidney 
Adrenals 
Thyroid 
Lymph G1 
Pancreas 
Brain 
Fat 
Teeth 

I.T. 
I.B. 
Mo 

Stamach 
Sm Int 
Lg Int  
I n t  Wash 
Bone 

Fibula 
Tibia Head 
Tibia  
Scul l  Cap 
F8JIlUr 
Tot a1 Skeleton 

m a c l e  
skin 
ovary 
Eyes 
P i t u i t a r y  
Urine 
Feces 

101 
0 02 . 01 

e 20 
009 
e 07 . 04 
0 01 . 01 
001 
s 01 
D 01 
-02 

.47 
1.21 . 36 
.08 
019 
.32 
.78 

29 
1.36 ) 
1.39 ) 
1.43 
3.66 

4.17 . 93 
e 01  . 01 
.01 

2.61 
12.1 

76.3 

.02 
001 
0 02 

07 
002 . 02 
D 02 -- 

-- 
.05 . 03 
08 -- 

.92 
4.27 
2.73 
5.26 
6.50 
-08 
.07 -- 
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COMPARATIVE DEPOSITION OF RADIO-Cum AND STftONTIl3J R? THE SAKE 
ANIMALS 4 DAYS AFTER I$T€WXJSCULAR ADXIXISTRATION. VAUTES CORRECTED 

FOR UNABSORBED FORTION IN LEFT LEG AND RECOVERY 

of dose 

Soft Tissues 
Kidney 
Teeth 
MO s 
I . R .  
IeT.  

G.I. 
In t  . Wash 

Calcium 

organ gram 

.63 .06 

.Ol .01 

% Per % Per 

-- . 47 . 82 - - I  

1.09 -- 
1.01 0 10 
1.23 -- 

Bone 
Tibia 1.39 
Tibia Head 1.12 
Femur 4.55 
Fibula .20 
Scull Cap 2.04 
M a l  Sceletcm 75.2 

Mus c l e  3.99 
Skin .34 
Urine 5.10 
Feces 10.1 

4.72 
5.72 
.50 

5.52 
6.70 
.08 
.02 -- -- 

S t  rent ium 
% per 46 per 
organ gram 

. 59 . 05 

.01 .01 . 

-- a 56 

.78 
1.29 -I 

1.13 .12 
1.15 -- 

-- 

0 95 
1.04 
3.06 . 15 
1.24 

3.31 
.15 

65.0 

15,4 
10.5 

3.71 
3.83 
.39 

3.22 
5.80 . 0' 
.01 

If 2 4 9 8 s  

. 
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TmLE XI1 

THE EFPECT QF FASTING OR THE ABSORFTIOI?, DEPOSITION, 
AND EXCRETION CmIEt-FREe RADIOSTRONT~ 

Carcass 

F0IllU.l- 

Urine 

Feces 

G.I. Tract 

Administered by 
Intraperitoneal 

Injection 

Fasted Control - 
81.4 59.1 

+5.3 +5.2 

3.7 2.8 
' co.5 

3.1 18.4 
+6.6 

4.5 17.8 
+4.9 

7.2 2.0 
+1.0 

- - 

- +0.3 - 
- +3.3 - 
- +3.3 - 
- +8 .O - 

Administered by 
Stomch Tube 

Fasted 

34.5 
+11.1 

1.3 

- 
+O. 6 

1.6 
+1.6 

42.4 
+18 . 6 
20.3 - +16.0 

- 
- 
- 

~ 

Control 

18.4 
+6.4 

0.8 
+0.4 

1.0 
+1.4 

- 

- 

- 
77.0 
+8.0 

0.9 
+1.4 

- 
- 

The rats had been fasted 48 hours when the  radiostrontium w e s  
administered. They were sacr i f iced three days l a t e r .  . 

*values 
correatal t o  

given are expressed as percent of the  administered dose, 
100 percent, plus o r  minus the standard deviation. 

. .  
I I l t i 4 8 b  

* .  
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a) Effec ts  otl bone. k i s t o l c g y .  

A t  the  dosa level of 1 unit per grw.., c n l y  slight, differsnces in kcsic+ his tology 
were evident. 
bone resorp t ion)  znd p e p 2 r a t i s n s  by t h e  G a o r r i  tecFLZique. suggested a mcclerate 
deninera? izotior? cf ?be secondmy Spcngicse, 

Tixrs VJZS sons inCrttisF: ill t h e  mmker of osteoclasts (assoziated wi th  

. 
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TABLE XI11 

EFFECT OF PARATHomoNE 2mxNXSTRATIOr: ON THE 
DISTRIBUTION AID EXCRGTION OF RADIOPHOSPHORUS 

G m ~ p  Urine 

Control 17.8  
+lo 0 

1 u i t  13.6 

- 
m'gn 21.2 

5 u i i t s  32.1 
pTH/€P 21.3 

Feces Femur - 
0.07 2.50 
+0.02 - +0.13 - 
0.08 2.66 
+0.03 - +O. 06 - 
0.08 1.64 

to . 03 - 4.03 - 

Liver - 
6.0 
+0.2 - 
6,2 
+0.1 - 
6.5 
+0.5 - 

Kidney liuscle* Carcass 

1.02 18.2 
+0.03 1.5 - 
1.12 19.2 
+0.04 +1.7 - - 
1.20 21.5 
+0.04 21.1 - 

49.8 
+0.8 - 
50.9 
+loa  - 
39.2 
+1.5 - 

*Values are averages for  f ive  animals, expressed as percant of the 
administered dose plus or minus standard deviation. 

. ,  
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TABLE XIV 

Femr Liver K i 3 n w r  CBXYBSE - Fecsa - Uriue - G m u p  

C m t r o l  0.7'3 0.81 4016 0.06 0003 6205 

1 t rn i t  
psr grain 1.62 0.81 9.32 O.O? 0.02 e9.5 

3.75 0.07 (3.04 7?.1 

*i?~lu?s ara t h e  avarages f o r  f ive  animals in each groap, czp~s'--X? 2 5  

;src3-nt c 4  adniicistered dcse 
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very little radioact ive isotope. 
inoreassa calcium excret ion with parathormone . The higher ur inary excret ion corresponds t o  the 

d )  Conclusions. 

Massive doses of parathormone i n  t h e  young rat r e su l t ed  i n  h i s to log ica l  s i p s  
of intensive bocs resorption. A t  the higher dose leve ls ,  t h e r e  was increased ur ina-y 
excret ion of radiophosphorus and radiostrontium, but very l i t t l e  a i zn i f i can t  differences 
i n  s ; e l e t a l  retention. 
w i t h  bone resorption. Although parathormone appears t o  have l i t t l e  e f f e c t  on radio- 
s t ron t iun  dacontanination, it may be of value , i n  conjunction with zironiun c i t r a t e ,  
i n  c antamination of other  metals such as plutoniun and radioyttrium. 

This suggests that ac t ive  bone deposi t ion i s  taking place along 
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Radio-Chemical I so l a t ion  

Protoactinium was separated from a thorium target which had been bombarded 
with deuterons. 
was used. 
was s e t  aside f o r t h e  growth of uranium for twenty-five days, at which time the  
urznium was separated. 123 prctaactinium 
wes rm.379d frorr. 8 benzene TTA so lu t i cn  i f i  order  t o  prepare it for physiolcgical use 
by d i lu t ing  t h e  TTA so lu t ion  t o  0.02 hl and ex t rac t ing  w i t h  concentrated n i t r i c  acid. 

A sclvent ex t rac t ion  method which has been reported elsewhere 
About tvm-hy-five mi l l i cu r i e s  of protoactinium was obtained. This a c t i v i t y  

Alphas of t h e  U230 s e r i e s  were detected. 

Carrier-free radioact ive cadmium was obtained from a deuteroc bombarderl silver 
t a r g e t  by a method previously reported from t h i s  laboratory. 
m i l l i c u r i e s  of radio-cadmium wae seFarated from t h i s  target. 

Approxinately 1.4 

Ic rk  is  i n  progress a t  t h i s  time t o  separate car r ie r - f ree  r ad ioac t i r a  arsenic  
from a germanium t a r g e t  which has been bomardsd with deuterors. 
p r e t i o s l g  reported,  ~ ~ v o l v e s  5istill.T-t icrL cf the gezza iu i i  as a t a t r a sh lo r ide  while 
t ha  arsenic i s  oxidized t o  i t s  pentavelsot s ta te ,  foiiowed t l i  reduction of thc: a rsen ic  
ai~9 d i s t i l l J t i o n  of arsezic trichioridso 

The method, 

m a r e  is i n  t he  laboratoi-.; a t  t h i s  time an alpha bar&ardad cadmium ta rga t ,  from 
which -m ex,cect tc ;spnr&<e car r ie r - f ree  radioact ive t i n  and indim. A previous 
method, i;?T'oLviag d i s t i l l a t i o n  cf t h e  t i n ,  has proved unsat isfactory kecawe of the 
In? f 9 z l  yie lds  of t i n  obtcined. Parr. of the loss has b6en due t c  the  fa,:t thet  a 
f r a c t i o o  c f  t h e  mdio-act ive t ic  tenaciously adheres t o  m y  container in which it i s  
plara-3. 
t i n  St & so lu t ion  which is physfolcgical ly  useful.  
sew. h o p e f ~ l  t h i s  p ~ p ~ s e ,  It is b s l i e v s d  t h a t  higher  yialdz c c * d 9  3s ??ta-hed 
d s o  if the  d i s t i l h t i o n  method could bo a7ro:ded. 
of ex t r sc t ion  x i t h  TTA, arid, althcugh inccmpldx, r e s u l t s  iridi2a$e ?kat, the .?+,fl-ditieS 
ea?. hb se>?rEts! 3cr t h i s  method. 

Attsnpts  have been made t o  remedy t h i s  s i t u a t i o n  by cmglexi=  the  radio- 
Glucosi and c i t r i c  acii, si.l.itions 

Xork is progrees iu  02 a msthod 

Other x t i r i t i e s  during t h i s  period inciudad prep?.ration of p h y s i c L g l c d  scfu t ions  
of colubim., l m t h a m n ,  and barium. 
Oak R i d z c ,  t nich was assayod, ident i f i93 ,  snd prepared f o r  physiological ~ s e .  A 
magilesiuu target was mil led and prepared for shiprrLant. from t h i s  laboratory to t h e  
project  a t  Columbia University. 

A so lu t ion  of prasecrdyniu was received from 
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Biclogical  Use of the  184-inch Cyclctron 
by 

C. A. Tobias, J. 11. Lawrence, Paul  D. Rosah ,  H a l  Anger am2 l i i l i m  Linlor  

0 )  Tkj groblem of dosage measurement was invest igntsd strli 6 sst of x~fsr- 
$ .  :?-j~ri:cfi.s r: . l e  wi th  G. Fail la and h i s  associates .  They d e t a 1 ~ 1 i ~ t . d  !% :~,se -~i%3 

spezial t i s m ?  mil, t i s s u e  gas ion iza t ion  chambers. 

{ c )  A number of measurements were made t o  obtain the Er?Gg C~L‘W  he 
;L’* - *A: aid correct ions f o r  s c a t t s r i n g  of the  deuteron beam i n  various n4 te r i aL .  

.?f t h e  &ta eziried .it is now possible  t o  administer known dosas of deut?rL-’.: m3 
cilpha I J m t i C 1 € 2  into a given depth of an mimal t i ssue .  

(9) A 5 5 %  of experiments was carried out t o  confirm thEi ?TPV~OLS~:: m$~r++d 
ex,;srimeiJts ccrcarninE: l e t h a l  e f f e c t s  on mice. The r e s u l t s  i ad i ca t e  tha+ +,F - s m e  
dose delivered ia a short  time i n t e r v a l  (L5 seconds) i s  scnewhat z x e  e f f sc t ive  :.:;an 
whsr, deUvered i n  a long time i n t e d a l  (2  hours).  A number cf blood counts and 3ome 
hist l i logical  stadies were obtained. 
5 i ICGS frpm t h e  f inaings obtained after exposures of s i m i l a r  animals t o  x-ray J r  fast 
neutron beans. 

So far these  do not show any s i g n i f i c a r  differ-  



. .  L .  . _ - .  

- . t u n s  sate the tumors were implanted right under t he  skin. 

It z s e m d  t o  be vrorthwhlle t o  t e s t  t he  ac t ion  of t h e  dsuteron beaa on &iors 
after the  beam had passed through a considerable l a y e r  of t i s sue .  The shape of the 
Bragg curve i s  such tha t  i t  allows considerable more dose t o  be given t o  the t i s s u e  
near the  end of t he  range of t he  p a r t i c l e s  compared t o  t he  beginning of their range. 
(See our previous report . )  One could not f o r e t e l l  whether or not t he  animals them- 
se lves  :7ould d i e  i n  such an experiment as the  lethal doses were abmt 10 times smaller 
than the doses necessary t o  k i l l  tumors. 
had t o  go first through t h e i r  body and then reached t h e  tumors. 
Bra& curve was adjusted t o  h i t  the tumor. 
ro t a t ed  arolrnd an axis perpendicular t o  the beam and going through the tumors. 
r o % a t i o s  VLS through an angle of about B O o .  The dose given t o  +,he tuncrs - a s  4000 d. 
I n  these ex~er imen t s  dsing 1 9  enimels it w a s  dsmonstrated tha t  it is entir&y f e s i b i e  
t o  give a l m g e  dose of i r r a d i a t i o n  t o  t h e  tumor af ter  the bean has crossed 'he mbai ' s  
body x i thmr ,  causing acute le tha l  e f f e c t s  i n  mice. The t u o r s  t h w  irrsdie-ed. stew 
rapid regression, but it is t o o  e a r l y  t o  t e l l  whether suah regressioo w i 3 . 1  !IS csmplefe 
o r  temporary and how severe the skin e f f ec t s  nay be. Nevertheless, t h ~  r e s v l t s  cre 
g r e a t l y  en?ourq ing  s ince they may mean a d e f i n i t e  s t e p  towards well ccr~tm,l!eli sr_d 
e f fec t ive  dapth therapy by means of p a r t i c l e  beams. 

The animals w e r e  placed so thz t  t he  beam 
The peak of the 

In  addi t ion  t o  t h i s  the animals were 
The 

The riork is being cbjrt.rr-:-ed. 

e f. 24993 
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Radiobiology: Bacter ia l  Cell Radiosensi t ivi ty  

R. S. Weathemax and R. Lo Dobson 

Dux; the past  few years a series of papers pa r t i cu la r ly  by C. F a  Robinow 
have shea the  existence of d i s c r e t e  chromatinic s t ruc tures  i n  the  b a c t e r i a l  c e l l .  
Thesa s t ruc tu res  undergo regular  divis ions c lose ly  cor re la ted  with the d iv is ion  of 
t h e  ce l l .  It seems highly probable t h a t  these  chromatinic bodies represent t h e  
b a c t e r i d  equivalent of t h e  nucleus or chromosome, and are thus  c a r r i e r s  of ?.he 
b a c t e r i a l  genes. 

"he h i t  theory of t h e  k i l l i n g  of bac te r i a  by i r r ad ia t ion  pos tu la tes  the  
exis tence of a rad iosens i t ive  - ta rge tH,  i n  which one or i n  some cases  m r e  than one 
b i t  is su f f i c i en t  t o  k i l l  the  c e l l .  Lea has calculated the size of such a sens i t i ve  
area i n  E., s, and f inds  it t o  be  i n  c lose agreement with t h e  measured slze of t h e  
chromatinic body. 

A search is now indicat3d for a co r re l a t ion  between the  r e s i s t a s e  of a 
b a c t s r i z l  c e l l  t o  i r r a d i a t i o n  a t  a p a r t i c u l a r  stago of growth and t he  nuksr of 
chrmlitinic: bcdies  t h a t  it possesses a t  that  time. 

4 An example of what might be expected follows. An old c e l l  of - -  E. co l l  usual ly  
Then t h i s  c e l l  is Transferred coutains a si&$ dunbbell-shaped chranat inic  body. 

t o  f r s s h  medium it begins t o  grow i n  s i ze ,  and the nuclear s+,ructurs  urier:xs 
divis?ori. Just before the first v i s i b l e  c e l l  d iv is ion  t h i s  c a l l  may rhcn .>n tz in  
2, 4, o r  CPGE 8 chromatinic bodies. If, as Robinow bel ieves .   SAC^ a :ell kL5 al- 
reEd;- undergone i n t e r n a l  sep ta t ion  by the formation of plasm membrsI-eLc, u-IC', 1s 
a r tua l lg  2 o r  4 c e l l s  not yet separated,  then  such a s t r u c t w s  (wkidi X J I : : ~  -*ill 
be eoumsrzted as a s ingle  c e l l  by colony count) should show a mrlw: i ~ c : - - . -  A s -  

resistmsnse t o  i r rad ia t ion .  
c h r n h t u ; :  bodies would k i l l  t h e  e n t i r e  u n i t ,  then the r e s i s t a c e  sf ?:I:- _- L '  L s o l l d  
be less + h a  t hz t  of a c e l l  containing only one chromatinic boc?y, 

If, on the o ther  hand, a h i t  i n  any om of f-. 

T i s  discovery of such a co r re l a t ion  would lend support t o  both tCe idea tha t  
these bodies do ca r ry  gene-like e n t i t i e s  and t o  the  "one-hit" theory. 

Expe.riments have been ca r r i ed  out t o  tes t  these  i d e s s ,  Ax i n t e n a h  dl;ricg 
the first few hours a f t e r  inoculat ion a growing broth cu l tu re  of 2" col: is  sanp1e.i 
f o r  B r ic31e c e l l  count and t h e  msis tance  t o  a f ixed  dose of u l t r a v i o l e t  light i s  
detarisinsd. It has been found that the percent of the organism sumirriz:: this 
dose u e e r g o e s  regular wave-like f luc tua t ions  during t h e , g r m t h  of The cuitg..se. 

The period of t h i s  f luc tua t ion  compares favorably with t he  Genoratiofi t h e  
calculs ted from the growth curve run sbnultaneously. 
shov~s indicat ions of so-called " f i ss ion  v:aves* o r  j u q - l i k e  increases i n  T!X x n b k r  
of c e l l s  a t  regular  i n t e rva l s  which appro::imate t h e  genorarioa t i ne .  If  2.12. c l  fihd 
c e l l s  of t k 3  inoculum could be obtained i n  t ,hs  s m e  stass Qf div is ion  QI: ths st&rt 
of p&t!i, so t-kt they would proceed t o  divide "ill ph~sc" ,  these n,j:EA?::.!t ir. t.h= 
grauzh cum;i and t.he waves i n  t h e  c o r r e s p n d i n ,  curve sl-;o~ir;z t he  C1.iaz3 cf resi~tL1.5e 
:JOLGC $2 zccentua5sd and less equivocal i n t e rpe tc t ioLns  Y j G l L c i  ?-e ?css1T;Le 
has ni.t S a m  possible  t o  obtain such a uniform h o c u l m .  

The gro.'Jth cume fr%qieiitl:r 

S.- f :Z i t  

Tke orsanisn used has been a rad ia t ion- res i s tan t  rnutant (B/r)  c:f & ZL' 
sci ,yl ied t.;. K i s s  E. J i t k i n .  

I J 7 4 9 9 4  

. 
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Similar  experiments with the  parent s t r a i n  B ind ica te  that  t h e  var ia t ion  in  
radioresis tance w i t h  age of cu l tu re  does not p a r a l l e l  t h a t  found with B/r. This 
suggests another avenue of approach t o  an understanding of t he  fundamental difference 
between these two r e l a t ed  organism which is r e f l ec t ed  in a difference in radio- 
sensit iv i ty .  

- 

. 

Less securely establ ished data suggests that while s t r a i n  B/r shows an overa l l  
change of res i s tance  during the growth cycle it does not lose t h e  e s s e n t i a l l y  sigmoid 
shape of its survival  curve (percent surv iva l  against  changing dose) when such a 
curve is run at various in t e rva l s  during growth. 

i 

f I38495 
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Bone Marrow IVansplant a t  ion 

E. L. Dobson, J. Talbot, and E. Pinson 

The mafiooo transplantation experiments which have been described in previous 
reports are be- ccpltinued. These experiments were designed t o  develop techniques 
and secure basic information about the behavior of marrow implants, par t icular ly  in 
regard t o  t h e i r  survival times. The experimental procedure has consisted of Fm- 
planting healthy rat bone marrow in to  various s i t e s  such as  l iver ,  spleen, muscle and 
subcutaneous t issue,  of rats of the same and of other s t r a ins  i n  both the normal 
state and a f t e r  having had previous treatment wi th  e i the r  radiation or  chemical 
hemopoietic depressant drugs. 

Eats of the Curtis-Dunning and Slonaker s t r a ins  have been used, the pretreated 
recipients having; received dai ly  injections of benzene and olive o i l  or sublethal 
doses (500 r t o t a l  body) of 200 kv x-rays. 
mock surgical procedures after previous therapy with e i ther  benzene o r  x-ray. 

Control r a t s  have been subjected t o  

In the e a r l i e r  experiments aseptic technique was not used, and the  marrcrar 
transplants consisted of semi-solid chunks of marrow handled with forceps and trochars. 
Sn the l a t e r  experiments carried out by D r s .  Talbot  and Pinson s t r i c t  aseptic pre- 
cautions have been observed, and the  implanted material  was a suspension of marrow 
in  n o m 1  sal ine handled in a syringe. 

been observed as long a s  t h i r t y  days after operation. 
fomns and mitotic figures. 
and who were autopsied more than a year after implantation no active ~ I T L I I Y  growth 
was found. A number of animals have been carried seventy and more days after opera- 

. t ion,  but a l l  the biopsy and autopsy material  has not yet bsen examined. Peripheral 
blood count data is  being accumulated. 

+ . -  
Definite act ive growth of femoral and t i b i a l  marrow i n  various inplant s i t e s  has 

These specimens show young 
* . In two animals who received marrow from a different s t r a i n  

Plans for future  experiments include such manipulations as preparation of t h e  
donor animals by bleeding or phenylhydrazine etc. t o  achieva hyperactivity i n  the 
~ I T O P I ,  repeated doses of x-ray t o  the recipients  wi th  shielding over the  implant 
sites, a l te ra t ions  in the  adrenal and other hormne systems, etc. 

Although these experiments have aham def in i te  marrow growth in implant s i t e s  
several  xeeks after operation, the data regarding maximum survival time and the 
various f ac to r s  vrhieh influence it have not been worked out. 

* .  
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I n  t h e  l i t e r a t u r e ,  song pnpers are :;vailnb!o wliich r e f o r  t o  t h e  goneral problem 
i of tila rate of biochemical react ions.  Z , i l x r ; r , i i t  et a1 (3,4) ha7e discussed t h e  

c r i t - j r ia  f o r  es tabl ishin& one compound as p r e c a s o r  .of another, by the use cf radio- 
ilctiva trkseru; Branson (5,6) introduced t.hc tern. "netubolisrn function" f o r  ccn- 
ve:licnt rnnt.homotica1 descr ipt ion of t he  metoholism of compoimda. These and *other  

ever? do not consider t h e  C 3 n e r a l  prcFlt?n cd' bioclwnical react 1.m rates: they refer  
t o  soniwhat. spec ia l  casos. A very Gsnord t reotxent  of t r a c e r  me%hodolocy hzs bean 5 

jivon F S j  Sheppard ( 8 ) .  
t.r6af,cd. 1:i 9 Goneral WOY s o  t h a t  t h e  treatment will represent c e r t a j n  s p c l s l  Cases 
of Shepnord' a theory. 

'.$ 

spucj3.l  methods have r ecen t ly  been reviewed by Radin ( 7 ) .  Tho above methods., Low- 4. 

I n  t h e  fol . lcr . . ix t he  case of steady stc i te systems w l l l  be 
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i 

whcir5 
tp,;: ccof f i c i sn t s  

Po, Pl, . . . , Pn am c o n s t x t  coef f ic ien ts ,  fw.vtiori; of f i k  only; 
h i ,  . . . , A,  ore so iu t iorx  of i t q 9 i s t  icn,  

The n (ri + 1) c o n s t w t s  aik are detonilincd by tht. 11ound::r;' canbliticlnw of ~n;. 
GJvon problem; i n  ac tua l  e x p e r h s n t s  ciik and . are t o  UP deterrrdnad frorn 
t P c  dotn t'zlien. 1 

Ly di rec t  subs t i t u t ion  of (5) i n t o  ( 4 )  one thsn f i t i d s  viq)  cmmr, ient  relo- 
t l tmi;  ttot.raen the  exporimentally d,3termirLod excf.:q:o co!lclt:tnt:: of t h o  rc;diosct  itk 
TtdcHr: A k  aid aik and the  exchanp constants  rlk. Thsse. are 23 fo1lo.w 

i 

I' I - .  
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Th= atova system o f  e:;untior:s t!iUs ziy.re L: cc*n?lets  &iS,sr t o  tP.0 problem of 
detar;ihinirc bha r z t e  of turficver cf zla.:Jnts i n  "stez3y s ta to" .  Th2 s ignif icance of 
t h 3  cbovs derlvzt ion l i e s  i n  tha  f?.ct tLst I t  Gives t h e  g2neral form of the  solution. 
I n  practice the funct ions X1 ( e ) .  X2 ( t )  . . . . Xn ( t )  may >e o b t a i n i d  by d i r e c t  
.nlan;itrw r.+, cf t h a  r r l i o c c t i v i t y  cf t '  t2:crr i s  a f u x t i o r .  of tirle. Ooe 106y then 
t l ? t l y m  th,j dcta  i n  t e r n s  of exp:nczfi?l f w c t i c x  wad a t t a i n  t h e  values ciik and hk. 
Havin;; cjttainod these,  t h 3  c o e f f i c i a n t s  of trm:fer& nay be calculated d i r e c t l y  
froin the l i c e a r  s p t e x  of equctions (0 ) .  

If or,3 ~ S C I  knc:;s t h s  c o n r r - ~ ~ r r i t i o m  Ck i n  eacL s tdte ,  as :.re11 as t h e  mzsses Xi:, 
t h e  net  tiiri.over r i t e  te t i l r  osch *'le states as riel1 as the exchange turnover ratas 
w i l l  bet\one horn, nccor ,n; t o  th; 21 i t i o n s  givsn in  equations (l), ( 2 ) ,  and (3). 

El, ctjcve tte;tnsnt beco.ms invn,:, ' r.h3 bicchefiical ijsocosses Involving A 
do not ro;re-:,,t a s' 3..; s t i t e .  To xhe coilctonts of suc!i a process, it I s  
nece~s : . ry  ';o nsdsu r  3 in s t a t e s  1; tl;o cL.:contrations C of t h e  stable ele1i:Pnt i n  
fsuIc,ti4n r J f  t h o ,  albil; : r i t h  th2 Inforration obtoined 17 tho U s e  of  tha red ionc t ive  
ixqt opc A* . 

, T c;c,rat ical re la t ionships  arc Civcn t o  ca l cu la t e  t ho  rates of b i c c h o n i c n l  reac- 
tions d an elemcnt in a biochemical system involving s t eady  s:t;tes ani usix d.;ta 
o h t o l i d  x i t h  radioact ive t racers .  Tic jonernl  form of solution is r;ivsn for n iliffar- 
ent s t a t e s o  

b 

t t 7 5 0 0  1 





GI? . G b b , A # . I  I-  - ' I .  Schcrno:iC rcii1 r.s,?n!aflon of a str-aly state system consisting 
of n states,  w t b  amounts A k  , In mass of tissue h j k ,  and with  con- 
centration Ck in eoch state The constant rote of  exchange of A from 

siate k t o  state t is dJrtotcd by aki A k .  A n  external reservoir contains 
A with concentration Co , and i s  denoted by subscript 0 .  

.' 

. . 
- *  
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Other Experiments in Progress 

Activat ion analysis .  
a set of neutron irradiated t i s s u e  ash samples i n  an effort t o  s tudy t h e i r  d i s t r ibu -  
t i o n  i n  the animal body. 

Long l i fe  radioact ive iron and zinc have been separated from 

Metabolism of simple carbon compounds. 
t h e  previous qua r t e r ly  progress report .  

Tha study of sodium ion exchange i n  the body, A series of t e s t s  have been completed 
on a s e t  of r a b b i t s ,  studying the d i s t r ibu t ion  of sodium ions p r i o r  t o  and following 
i r r ad ia t ion  by x-rays. 
at a l e t a r  date. 

The work is being continued as out l ined in - 

Detailed r epor t s  covering t h e  above subjec ts  w i l l  be submitted 

Ths rat3 of b iochmicnl  react ion.  
de t emins t ion  of tho  rate of biochemical reac t ions  using data obtainabla i n  rodio- 
ac t ive  t r a c e r  experiments. 
g i seu  in ths preceding chapter. 

A t h e o r e t i c a l  ana lys i s  is beim made on the  

TLe first p a r t  of t he  treatment is now completed and is 

. 
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I11 BIOLOGICAL EETZCTS OF RkDIATIOIL' FROK EXlWUAL 
AND RvTI7BUJI;L S0LXC"rs 

R. S. Stone - i n  charge 

Pro jec t  48  c 

Universi ty  of Cal i forn ia  Medical School 

Hematological E f fec t s  of Total  Body I r r a d i a t i o n  

B .V.A. Low-Beer 

Hematological s tud ie s  on p a t i e n t s  who have been t r ea t ad  by doctors  of t he  
Onivarsi ty  of Cal i forn ia  Out-Pat i en t  Department have been continued during t h i s  
psriod. 
those prar ious ly  reported t o  warrant f u r t h e r  discussion. 

Tfie f ind ings  during t h i s  period have not been s u f f i c i e n t l y  d i f f e ren t  from 

. 
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Netabolism and Ef fec t s  of Radio-Iodine (I131) 

Earl R. Miller and Nadine Foreman 

i.h 'U'AC'Y ACT MATERIAL REMOVED 

Pa t i en t  

Uptake of Radioiodine Before and Af ter  Treatment. During t he  past  t h ree  months, twelve 
pa t i en t s  have been studied wi th  t m c e r  doses of 1131 who previously had received l a rge r  
doses of radioiodine for t he  treatment of Graves' disease. 
u p t e e  of radioiodine by t h e i r  thyroid glands had been high (g rea t e r  than 40$), but 
a f t e r  treatment it was found t o  be within normal limits (less than  30%) in a l l  but t h ree  
pa t i en t s .  
t r a c e r  study was done. 

Before t h e i r  treatment t he  

All of these pa t i en t s  had reached normal metabolic levels before the  present 

Table I l ists the Brcentages  o f  uptake of before and a f t e r  treatment.  

TABU I 

$Uptake of 113' by thyroid 
before treatment 

The last Lree pa--mts 

90 
73 
45 
57 
80 
49 
80 
77 
79 
69 
85 
58 

is ted i n  Tzble I a 3  the ' threo ;rh 

10 
20 
28 
18 
10 
12 
18 
8 

12 
4E 
75 
49 

u2take VES sti l l  
high Ih s p i t e  of t h e  f ac t  that they had recovered from the i r  hrnerthyroidiso, 3s juCWd 
by c l i n i c a l  and loboratory evidence. In each, t h e  thyro id  gland ivas bare ly  >alpable 
and it was tho-that t h e  r e l a t i v e l y  high uptake, of radioiodine night be exblained 
by t h e  f a c t  that-'m amall a gland would have t o  have a more rapid turnover of ioZine 
i n  order  t o  natntain t h e  metabolism at normal levels. 

Relat ionship Between Size of Dose and Percent Uptake of IL3l. 
have been made upon the  r e l a t ionsh ip  between the a b i l i t y  of the thyroid t o  concentrate 
r a d i o i o d k e  and the dose administered. 
dose (250 pc)  and a therapeut ic  dose (2000 pc  o r  nore) are verJ neer ly  t h e  sm9. 

Fur ther  observations 

In general, the  percentcge uptake of o. t r e c e r  

* .  
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PRIVACY ACT MATERIAL REMOVFD 

Date - $ Uptake Pat len t  Dose p c  

1. 5-5-48 250 90 
5-10-48 2850 90 

6-28-48 246 80 
6-29-48 2900 75-80 

2. _- 3-15-48 
3-16-48 

238 
1390 

30 
38 

5 - 12-48 
5-13-48 

17 1 
201 5 

38 
40 

3. 

4. 

5. 

6. 

3-22-48 
3-24-48 

250 
2000 

45 
46 

5-3-48 
5-5-48 

250 
1070 

72 
73 

4- 5- 48 
4-19-48 

238 
loco 

60 
50 E 

6-22-48 
6-24-48 

250 
7 940 

40 
51 

7. 4-12-48 
4- 14 -48 

238 
270C 

60 
77 

8 .  4-12-48 
4-14-40 

246 
2977 

67 
79 

C c m p r i s m  iietimen I n  vivo and I n  Vitro xieasurement qf 1131 C;td;e. Udi t ionEl  
studies have been made upon the  accuracy of the method of measuring i n  vivo tho 
c b b l i t y  of the  thysoid gland t o  concentrote I 131. 
d o s w  of radioladins 24 t o  48 hours p r io r  t o  thyro idac twi  a d  the  amount in tha 
tki;mld was measursd just berore operation.:. The en t i r e  sur&csl specimen rvns 
maasured by the same method a f t e r  its remotrol and th3 two values w e r e  comprred: In 
only three of the  seven cases were the  data corrtplete enough t o  :varrart analysis. 

The discrepancy betvreen t h e  'amount of II3l calculntad t o  b9 i n  the gland fra.1 
t l i3  yrec);?sr:.t;lon necsuremant and t h a t  f rom measurefimt, of tha surzical  specir?.er,, 
(El316 I11 #7)  :s Tzr t io l ly  due t o  t h s  methob of r.c?i13ms::113?;t, ai3 ?:>.rti :'lY t o  t4a 

- estimetlor? b:r the surgeon of! the  amount of thyroid rrhlch hcs been left i n  tho 
nozk. 
speciiAim cm d i f f i c u l t  t o  es t inota  and control. 

Seven pationt's were ~ i v e o  t r ace r  

' ' 

' 
P z t h e r ,  the geometrical var ia t ions betaeen the intact  t ty ro ld  and t h a  3urcIca l  

. -  

. 
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TABU I11 

I .  If 111 

1) Wt. of removed 
specimen - gm. 27 0 40.4 9.6 

2 )  Estimated w t .  of 
t i s s u e  left in s i t u  2 3 0.5 

3) Estimated t o t a l  vrt. 
of  thyroid 272 43.4 10.1 

4 )  T o t a l p c  measured i n  
neck pre-operatively 57 1 2  46 

5 )  T o t a l p c  measured i n  
surg ica l  specimen 60 11.7 41 

6 )  Calculated c i n  t o t a l  

63 12.6 48 
gland base t upon 1, 3, 
and 5 

7 )  $ difference betrveen 
observed and calculated 
t o t a l s ,  4 and 6 9.55 5.c 15,2 

E 

Rz3ioiodine i n  Carcinoma of t h e  Thyroid. Three pa t i en t s  rsitli adxmced sarcinkT.=. of the  
thyroid have been given la rge  doses of radio-iodins; t h e  first r e c e i v u  i00, ths 
second 89.1, and t h e  t h i r d  53.9 m1:licuries. 

CASE I: A 19 year old male i n  :.hen t he  diagnosis of carcinoma cf t h o  thyroid 
Mas nade by biopsy June 1947. 
out,  b::t t h e  adherent thyrole  l e f t  in  s i tu .  
p r io r  Do t h i s  procedure and t h e  tumor 17785 found t o  take up 0.2s per parr. crf t h a  
adninls tered d o s e  
rad1 o i  odine. 

In October 1947 a l e f t  neck di.?.soction m s  car r ied  
To3 pat ien t  was given 2 n i i l l i cur ios  of 1131 

Study of the thyroid revealsd an uptake of 20% of a t r a c e r  dose of 

I n  December 1947, t h e  pa t i en t  pas given 25 mi l l i cu r i e s  of IlS1 which :Jtsrod h i s  
th;rl.oid metabolism in no demonstrable way. 
100 mil l i cu r i e s  of 1131. 
myxedema vmre Bvldent . 

On April 16,  1948 the pa t ien t  received 
:'hen the Fat len t  W L S  seen tvro months l a t a r ,  3igm of early 

CASE 11: A 31 year old femle  v i t h  carcinom& of tfia thyrcid :Jhlch ha9 bsen t r5oted 
both 'witb su3e1.t~ and with x-ray in 1945. 
had been performed in Jaruary 19.23. 
at tkc ti;.ie Slie was first seen. 
whlla thera  XJCS apphreritly no se l ec t ive  uptake by t he  tumor. 
patimt received 53.9 millicuries of radioiodine. 
c l i n i c a l  evidence of myxedema has appeared. 

%cause of t r x h e t l  cbstrL.ctfon, a t rxheotomy 
She YJLS normal x i t h  rasp& t .1  thyroid metabolism 

Her thyroid concentrets3 17; of G t r a c e r  dose Of 1131 
, '  

8 . .  

On Mcy 14, ,1948, tho 
A t  th3 end of tyro months definita 

1 I 1 5 0 0 8  

: ., ; 
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C4SE 111: A 59 year  o ld  female x i t h  advzncedcarcinoma of t h e  thyroid,  wi th  
both local  and pulmonary metastases, who a l so  ha; r e w i r e d  a tracheotomy f o r  r e l i e f  of 
p r c g e s s i v c  respirLtor;- obstructioa.  ? r d i : h & r y  t r c c e r  s tud i s s  re rea led  tlbt he r  thyroid 
conceEtrated 8$ of the cdainis t3rad k s a  ,.bile t:ia t uzo r  hail no s ign i f i cea t  content of 
rddiOiGdine. 
mi J e v e l o p d  siFns of rqxedernci 2 1/2 r:-o-:ths I.zt2.r. 

On ApAl 19, 1948, t h e  pa t i en t  received 89.1 Ir , i l l icur ies  of rLl ioiodine 

Each of t l z  eSme ? a t i e n t s  ccniplained of l o c a l  tendermcs  over t ha  thyroid,  snd 
n e s e  
I n  t h e  

of 1d.n 01, s.:Lllowin;, 24 t o  45, hours d t e r  administretion of t h  r-5ioiodine. 
synpta;s l i s t d  only f o r  B iiqs a 2  wri! not o c c o q m i e d  by s;:stenic smptons.  
first case there  idis l o o l i n z  of secre t ions  wi th in  the p p i f o r r i  fossae at ths  t i n e  of 
the l o c a l  soreness,  but there was no redness o r  s-.:.elling of tils laryngecll strclctures. 
I n  tha  t h i r d  pa t ien t  it KLS imTossible t o  vier; t he  larynx d i r x t l y  because cf t h z  in- 
f i l t r a t ing  t w s ;  t i s sue .  

Dsntril fiL;; mr9 ?lacad i n  cor tac t  : i t h  t he  neck ir. t:;o ?a t t en t s  (1 m3 3) i n  
an sffsrt  t c  323  .:hather o r  not tSc th;?'cid could be loc?Jizod. 
il; l l i ice fcr frorn 30 t o  6C. ninutes ,  at hourly i n t s m c l s  ?.ftsr t b  3 z t i e n t s  had rc- 
ceivod tha large amounts of radioiodine.  
films in t h i s  length of tir.3, hoviev~r, it was so d i f fuse  t h c t  only a general idea cf 
l o c e l i z a t i o n  of t h e  t h y r o i d  could be obtzined. 

The f i l m  >:ere l e f t  

There :vas veiwJ d e f i a i t e  bkckening  of tha  

a t h e r  s tud ie s  are b 8 i q  ce r r i ed  wt using a Geiger counter c lose t o  t h e  skin 
in an attenpt t o  loca l i ze  the thyroid gland and funct ional  ne t a s t a ses  from thyroid 
carcinomas, aod t o  determine, if possible ,  t h g  f r o n t a l  a rea  of the thyroid.  In the  
first ex2erirc.ents t h e  counter tube V J I S  surrounsed by a t h i n  19ed s l z i s l d  i i i t k  n m e  
i,?c': iJ?xt;r:. By rhcre?sin: t h e  tryrt1:r3 t o  z k l f  Filch S i d i e t s r  12 :!f5 ?c ;;i>I..: 
t c  ?:?&Ai13 t?.? fror.t;l 2 i -e~  of the  t h y m i ?  ;had so!is:!hat nore accuratalg.  IL order  
t c  iEprov; thd  tcclini;-ce s t i l l  fcrrt:lsr, c h--:vily-shields: countsr is b j i n z  constructed 
in which the re  vi11 be a one-eighth inch  rindo ow throuzh a one inch thickness  of lead. 
The counter is t o  be nounted i n  such a r a y  tb t  its movemnt over the a n t e r i o r  surface 
of t h e  neck can be a a s i l y  and ca re fu l lg  controlled.  

. 
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Iv HEALTH CHEbaSTRY AND FmSICS 

Health Chemistry 

N. B. Garden 

During t h i s  quhrter laboratory f a c i l i t i e s  of Bldg. 5 were completed t o  provide 
working space for twelve chemists; most of these  chemists have moved i n  and started 
work. There has been concentrated in t h i s  bui lding a l l  t he  r e s t r i c t e d  chemistry 
fram Bldg. 4, s o  that the latter is now unres t r ic ted .  
was devoted t o  spec ia l  plenning, designing and mater ia l s  t e s t i n g  s o  t h a t  labora tor ies  
and the i r  se rv ices  and equipment could be somewhat standbrdized. The immediate 
reac t ion  of chemists moving i n t o  tha  new quar te rs  indicates  t ha t  very favorable 
progress has been made. 

Considerable time and work 

The z c t u a l  moving of the ac t ive  work i n  progress was accomplished without 
d i f f i c u l t y ,  s ince a l l  material was confined io closed s y s t e m  i n  the gloved boxes 
and the l e t t e r  could be moved with ease. 

Special  p ro tec t ive  processes and devices  wera designed and a number completed 
during thz  l a s t  t h rae  months: i 

-4 
1. P - o  q e c i a l  lead-shielded box for b e t a - g m a  protect ion,  as w e l l  cs al$ia, 

vas completed. 

2. "ha ,nrelLzinary s t eps  of setups and test runs f o r  t he  spinner co lum ext rac t ion  
of ;r..-s,-iciun from plutonium were completed. 

3. A r;im?le €0-inch cyclotron t a r g a t  for t he  bonbardtnect of al2ha-ectiva semples 
nr;s designed, b u i l t  and used successful ly .  

4. S p c i c l  ?nrGbolic M u r e  heat lamps for microchemical work were b - l i l t .  

5 .  & e l e c t r i c  stirring unit for remote use i n  gloved boxes was devslcped. 

6 .  The canvas containers  for alpha meters were replaced with more s a t i s f a c t o r y  
compact aluminum boxes. 

7. The more -orate Webb target assembly for boabardment of alpha-active 
samples 
could be Wb, 

60-inch cyclotron was developed t o  the  point-where dummy runs 

8. Developont  of a spec ia l  box t o  enable Dr. Gofiocn t o  process and b o t t l e  yttrium 
without exposure o r  contamination took place. 

9. k shielded box t o  permit n i l l i n g  t e r g a t s  on t h e  n i l l i n g  machine rres developed. 

Tha u x a l  a c t i v i t i e s  of monitoring, disposal of r?.%oact i7s m t e r i a l s ,  t he  
traiisportot  ion a d  supervision of incoming ml outgoing i s o t o p s ,  cyclotron t a r g e t  
handling, decontamination and s torage hove cont imed i n  increasing mounts ,  espec ia l ly  
with regerd t o  t a r g e t  t r anspor t a t ion  and monitoring. 
at sea was unusually large, not only from rout ine  l abc r r to ry  pickups but z l so  from 

me quant i ty  of material dumped 
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5 .. various cleanup operations, such as at the Army 2001 Warehouse. 

li11,USu31 and increasing In t e re s t  has bsen shovrn in ths Berkeley-type glwed 
box by personnel at o the r  atomic i n s t a l l a t i o n s ,  and complete box ossemblies, plus 
accessories ,  have already been shipped ts Los Alanos. H d o r d  has also ordered 
one, and drawings of the boxes and t h e i r  accessories have been sent t o  Brookhaven. 
Drawi~s  of t he  major por t ion  of the IZeolth Chemistry equipment, such as glovad 
boxes, C ~ V ~ S ,  manipulators, tongs, sh ie lds ,  containsrs,  capsules, etc., hayo been 
requested by other  i n s t a l l a t ions .  Conducting v i s i t o r s  has consumed no small par t  
of t he  t h i e  during the last quarter. 

i 

d 

. -  
I 
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Health Physi'cs 

B. J. Moyer 

General Remarks on Personnel Monitoring. 
badges regular ly  i n  use, covering all who have even inc identa l  en t ry  in to  proximity 

There a r e  now approximately 600 film 

radia t ion  f i e l d s .  

Crew members of both 184-inch and 60-inch cyclotrons are equipped with t h e  
following i t ens :  gamma pocket chamber, ganrma pocket electroscope, slow neutron pocket 
chamber and film badge. 
pocket chambers and gamma pocket electroscopes,  as w e l l  as f i lm  badges: l i n e a r  
acce lera tor  operators , e l e c t r i c a l  maintenance, inspection technicians,  acce le ra tor  
technicians and e l ec t roc i c s  in s t a l l a t ion .  
(YLd electrcscopes as occasion demands. This includes experit;ienters, plumbers, 
ca rpmte r s ,  r iggers ,  welders, e tc .  

Members of the followring groups are equipped wi th  gamma 

Other persons are issued pocket chambers 

Begiming with A p r i l  I, R grcphical  record of dosages as recorded on a l l  these  
devices has been maintained, allowiw a quick estimate of a c c m l a t e d  dosage by 
individuals  whose work d i c t a t e s  the  use of equipment other  t h a  a f i lm  bsdge. 

> 

Tissue-Hall Chamber Surveys. During a portion.of April &?d Mzy, Drs. G. T 'a i l la  a d  E. 
Rossi frm, Colunbia University made measurements with t h e i r  ionizat ion chmbera B 

"4 
. 

constructed with "tissue-equivalent" walls and f i l l e d  n i t h  gas having chemical elements 
i n  the same proportions as those found in t i s sue .  
on equipmsnt used loca l ly .  
t o  t h e i r  i n t e rp re t a t ion  of data, but  on-the-spot observations yielded t h e  follovfine 
r B s u l t  s : 

Congarative measuraments were made 
, Fina l  r e s u l t s  have not yet  been obtained fromthern as 

. 

(I) Rncliation field i n  t y p i c a l  region outside s h i e l d i w  (10 ft. walls, 2 ft. 
roof,  at t h i s  t ime) for deuteron beam of about 1 microampere on a Be t a r g e t  a t  81" 
was : 

Their t issue-equivalent chanber Our polystyrene chamber 

.698 =p/hr. .77 v h r .  
-702 * rap/hr. .77 */hr, 
.722 m mp/hr. .78 m/hr. 

(2) dosage measured by a t issue-equivalent th;nible chadmr, w i t h  
for a region within 3" of pa ra f f in  in the  high-energy noutron our 25r t 

beam. 

Their t Issue-equivalent & d e r  Our 25r th i ab le  c h a b e r  

14.8 reP/hr. 16.8 =/hr. 
12.9 14.9 
13.2 15.1 
11.4 ' 13.3 
11.7 14.1 
12.2 14.5 ---- e tc .  ---- 
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As 5. rssrzlt 02 these  oleasurements it appeors that we 6x1 not underestimsti% t h e  
1onldiic:- p r3ducd  by the cyclotron rad ia t ion  f i e l d s  i n  EO far a s  health protect ion 
is c o m e r t d .  

S1ci.u I lwt ron  Flux Densi t ies  i n  the ShieldingVblL of t h e  184-inch Cplctron. Figure 1 
shows t he  result of indium foil measurements or slow-neutron flux i n  the concrete, and 
in the  region j u s t  outside t h e  concrete shielding. The foils were ca l ibra ted  by mans 
of a 1~lo;rn Rn-Be source with ;I rJater tank. 

Tt,s data were taksl? thru a 6" dianeter access hole, f i l l e d  wi th  wooden cyl in2ers  
ia ta rspersed  by foils. 
mioroupsres  u i t h  a 1/2w Be t a rge t .  The access hole mgloyed was on t h e  east s ide  
Gear  the scutheast corner. 

The cyclotron wns operating on deuterons at about 0.7 

!Fha increass in intensity upon emerging 
.31i6 t o  the oeutrcns nhich <scape thru the  2 ft. roof, end aro subsequently sca t te red  
dowmard. Othsr datc sapport t h i s  inter?re%nticn.  

from t h e  concrete I s  ioterpreted as 

7 Radiati:,.;. f r zm the Cyclotron Dee. Fi,me 2 ShOTJb the  beta-gamn?a i n t e n s i t y  patfern of t h e  
des .mZ d t t ' i a z to r  channel when the  tmk vas openad on 6-11-48 f o r  Internal wcrk. 

i .  

Tke l a s t  oparation was 11 hours preceding the messurensnt. A beta-gama mmeg 
aetm WGS a g l c ~ p d ,  with a .002w Al windox, and t h a  figures given are m/hr at; about 
6" f rm the surface of the  object.  

.' 

. 
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Slow Neutron Flux Distribution in Concrete 
shielding i n  184- Cyclotron 
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