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I THE ABTABOLIC PBOP3R!l?IES GF PLUTOhCIUM 

J, Go Hamilton 

Pro jec t  48A-I 

Radioautographic S tudies  

D r .  C. D. Van Cleave from the Univers l ty  of North Carolina spent two 
months at t h i s  labora tory  learning var ious  radioautographic methods at t h e  request  
of t he  Atomic Energy Commission. 
autographs were preliminary and f u r t h e r  experiments w i l l  have t o  be undertaken w i t h  
t h i s  element before any conclusions may be drawn, 

The r e s u l t s  he obtained w i t h  europium l i v e r  

Bone radioautographs wi th  europium have been set up and w i l l  be completed 
i n  the next month, 

Cadmium radioautographs of l i v e r  a r e  being continued, 
was found t o  be unsa t i s fac tory ,  s o  the  study of a lcohol  fixed mate r i a l  is underway. 

A preliminary study of the  deposit ion of radio-strontium at shor t  time 

Ffxa t ion  i n  Bouinss 

i n t e r v a l s  in bone has been completed, The results were inconclusive and ind ica ted  
the  a d v i s a b i l i t y  of repea t ing  t h e  experiment using only 2 of t hese  time in t e rva l s .  
These experiments have gust been s t a r t e d .  

Ansco has made ava i lab le  f o r  our work a small amount of uncoated emulsion. 
Using undecalcif ied bone, we have found it d i f f i c u l t  t o  obtain s a t i s f a c t o r y  auto- . 
graphs,  The dens i ty ,  f r a g i l i t y ,  and s t a i n i n g  p rope f l i e s  of t h e  bone have slowed 
up t h i s  work cansiderablyo 

Radioautographs of praseodymium in a d u l t  rats sac r i f i ced  a t  4 days resembled 
those obtained with cerium, actinium, and yttrium, foe,  surface deposi t ion on t h e  
s h a f t  and on the t r abecu la r  bone, w i t h  a somewhat spo t ty  d i s t r i b u t i o n  i n  the shaft .  

' 

Experiments w i t h  adu l t  animals using protoactinium have t o  be repeated due 
t o  t h e  low a c t i v i t y  i n  t h e  t i s s u e ,  
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Tracer Studies  

Actinium. Intremascular s t u d i e s  i n  r a t s  w i t h  
days after adminis t ra t ian,  
inject ion.  
feces.  
system, the  sk in ,  and i n  the l i v e r ,  
i n  t h e  o t h e r  t i s s u e s  are t o  be fcund . i n  Table Io 

Arsenic, 
These values are similar t o  t h o s e  reported e a r l i e r  with t h e  exception of more 
uniformity amng t h e  obsemzt fons ,  As was reported e a r l i e r ,  the  major p a r t  of 
t h e  a r sen ic  i s  included witliir. t.he red Isloccd c e l l s ,  The r e l a t i v e  deposi t ion of 
arse!iic i n  blood as weil as th9 ;?;her tissLies is sux-aarized i n  Table  IIo I n  
add i t ion  t o  t h e  above stixlies, cetrler-arse,r.ia 3.2 f r i a c i i w  a r seo lc  was added t o  
t h e  ca r r i e r - f r ee  ma te r i a l  in. crnse l i i ra t ians  cf ,Ol., ELLS 1,O mg8 being ad- 
minis tered t o  rats b y  i:;trmuscUla.r irLdact ion, .  
were added, a s l i g h t  drop i n  t h e  a b i l i t y  cf t.he red Slcod cells t o  combine w i t h  
t h e  a r sen ic  a3ministered was o b s e v e i ,  a15h5-ragh t h e  e f f x t  was not l a rge ,  
add i t ion  t o  t h i s ,  t h e  f e c a l  e x c r e t i m  rose at t h e  expense of t h e  ur inary  excre- 
t i o n .  These data  a r e  summarized i n  T ~ b l e  111- Tha s i t e  cf depoPiticn of a r s e n i c  
in t he  red blood c e l l s  h a s  been in-testigated,  The mejoi- par5 of the a r sen ic  is 
combined wi th  t h e  g lob ic  f r a c t i o n  of t h e  hemcglobin zf t h e  re(?  ce?.l aud t h i s  
increases  w i t h  t he  a d 6 i t i c n  o f  a r m n i c  c a r r i e r ,  
i n  o rde r  t o  determine if t h e  same siCYuaticn exists ir, t h e  himan ES i n  t h e  ra t ,  
s i n c e  t h i s  method of i a b e l i n g  a red c d l  when coinyined with t h s  rsdioautcgraphic 
technique should enable one t o  determ:m the  L i f e  of t h e  red c e l l  i n  t h e  body i n  
normal and a b n o m l  condit ions 

have been completed up t o  256 
A t  t h i s  time period: 5 percent, renained at t h e  s i t e  of 

The major pa r t  of t h e  a c t i v i t y  abssrbed w a s  e!.iminated i n  t h e  u r i n e  and 
The balance of the retaified a c t i v i t y  was pr imar i ly  found i n  t he  ske le ta l  

Toe a y e x g e  values  of t h e  actinium depcs i t ion  

The deposi t icn of ca r r i e r - f r ee  As74 hes  been complet.ed up t o  32 days. 

As increasing amounts of c a r r i e r  

In 

Tness s t u d i e s  are be ing  continued 

Columbium, 
of ca r r i e r - f r ee  Cbg5 which has bsen cmDiexsd w i t h  s o 4 i u n  c i t r a t e ,  
s ix t een  day animals received 1,s mgc srdsun c1tr.et.e with t h e  a c t i v i t y ,  
and 64 day acimals receiTe6 3, mg, sodi im c i t r z t e ,  
i n  t h i s  manner, it is re1at:vely e a s i i y  abs2rbed fron the i n j e c t i o n  s i te ,  s ince  a t  
1 day following administration, 39 pencent reffiaine<?, 
percent at 4 days, 8 percenk a t  1 E  dsys ,  5 percent; a t  32 days. and 4.2 percent at  
64 days. After absorpt ioa of CbgS3 t h e  m a j o r  mount  of t h e  act i i4t .y  remaining i n  
t h e  animal is deposited ir t h e  skeieto-r, w:+L measurable amounts present i n  t h e  
l i v e r  and blood a t  1 and 4 days a f t e r  adrxr i s t ra t ron ,  
r a t h e r  high skeleton,  liver? and kidney -fdgesc S A  re1at:vely lower blood values.  
Columbium is excreted almost equal ly  by  Ccth t h e  u r ine  a a d  feces,  
be seen i n  Table  IV.  
wi th  oxalate.  
t h e  i n j e c t i o n  s i t e .  

Eclropiu. 
c u l a r  adminis t ra t ion,  
absorbed f r o n  t h e  in j e2 t ion  s i t e  ib:ith 3;ff:.:1;fty. 
e igh t ,  and f i f t y - t h r e e  parcect G f  t h e  adrrinls+ere? mxGia1 rsmalned at the 
i n j e c t i o n  si ts  1, 4. 16, s ~ d  ? Z  d ~ j ~  TE!31,33tI::E~;’.  
major r e g i o m  cf 6eyosi t l -c  :;:I& +!it. 3-!???~r l i v s r ,  k i 2 w y  a d  skin,  The 
ma te r i a l  found ir: t h e  s c f t  t5:ssc.s ii 

A s e r i e s  of rats have been szudied a f t e r  thP intramuscular i n j e c t i o n  
One, f o u r  and 

The 32 
h e n  c d u n b i u y  is complexed 

This  value dropped t o  18,9 

L a t e r  time periods show 

This data can 
In  a d d i t i o n  t~ t he  a t w e  s t u d i e s ,  colrpmbium was a l s o  complexed 

As w i t h  t he  c i t r a t s ,  t h i s  n h t e r f e l  e l s o  enlances ab to rp t i cn  from 
Data showing these  resJ l ts  are  t o  be f r m d  i n  Table V. 

B~rap1t.u wi th  c a m i c r  h a s  h e r -  zr icpletc5 t c ,  32 dhys f o l l 3 J i n g  intramus- 

SixSy-frdr, sixxy-three, f i f t y -  

cf P t e  material absorbed, the  

Th:: n .mhcr  ci ~ h z  I - > ~ l - ’ i Z > i d ~  eer ias  of rare e a r t h s  is 

_ _  ?sat 1-7 . . a  :rra3ii;,1 ly e l fnzna ted  i n  t h e  u r i n e  
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TABLE I 

DEPOSITION OF A c ~ ~ ~  IN THE BAT 256 DAYS FOLLOWING INTRABmsScuLAR 
ADMINISTRATIOP;, VAWTES CQRFWTED FOR RECOVERY AND FXPRESm AS PERCENT OF DOSE. 

HfXirt 
Lungs 
Spleen 
Blood 
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph Gland 
Paacreas 
Brafn 
Fat 
S t O m a C ~  
sm frit 
h3 frit 
Skeleton 
rnscle 
Skin 
EPs 
Pitui targ 
Gonads 
Urine 
Feces 

96 Per 
organ 

<,01 
.03 
a 09 (. 01 
0 3 8  
06 

<. 01 
<. 01 
<o 01 
<a 01 

602 
<o 04 
403 

o 64 
l e  62 

9 02 
< b o 1  

6 01 
2054 

- 

L 

1804 

76.2 

<. 01 
<" 01 

04 
<. OP 

0 05 
04 

I 

.03 
<o 01 
'<* 0 1 
,401 

<o 01 
<o 01 
<* 01 
1015 
<D 01 

0 0'" 
.05 

loo00 
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TABU I1 

DEPOSITION OF CAFZRm-FFEZ  AS^^ IN THE RAT FOLLOWING INTBABiTJSW 
pJIMINISTRATIONo VALUES CORRECTED FOR FECOVERY AND EDFLESSED AS 

P3RCENT OF DOSE 

Tissue 

He ape 
Lung 
Spleen 
Blood 
Liver 
Kidney 
Adrenal 
Thyroid 
Lymph Gland 
Pancreas 
Brain 
Fat 
st omact 
sm Int 
Lg Ini 
bluscle 
Skeleton 
Skin 
P i tu i t a ry  
Gonads 
FUP 
Urine 
Feces 

P P e r  
o r g a  

66 
1026 
.66 

2,41 
4404 

85 
0 01 
(I 01 
P - 
06 

07 
15 
14 

1.47 
2,33 
0 46 
0 01 
06 

- 

- 
42.3 
2,89 

4 D  

Q per 
gram 

0 54 
56 

e 70 
2.53 
019 
0 33 

- 
04 
03 

e 04 
D 01 
* 02 
0 02 
0 01 
0 01 
e 06 
0 01 

0 02 
o 03 

- 

- - 

8 D  

% Per 
organ 

e 26 
0 57 
.58 

3019 
0 56 

39.3 

- - - - 
03 - 

o 03 
0 20 
0 10 

1,39 
2.73 
1-36 

003 
- 
- 

46.6 
3eOO 

% D e r  
gram 

0 2 8  
0 31 
67 

2.54 
0 57 
e 29 - - 
0 01 
0 02 
0 02 

02 

0 02 
.02 
e 08 
03 

e 0 2  
06 

- 
o 03 

- 

- - 

P Per 
organ 

42 

.66 

2.47 
66 

D 01 
0 01 

075 

37.8 

0 

04 

07 
e 15 
.18 

1062 
2,12 

e75 
e o 1  

., 04 

- 

- 
4V07 
4047 

15 I) 

$ Per 
gram 

0 4 4  
39 

.a5 
2.18 

0 19 
27 - 

0 

0 01 
05 
03 
.01 
0 01 
0 01 
03 

0 01 

0 02 

0 01 
0 10 

005 

- 

- - 

% Per 
organ 

.5? 
1.43 
61 

3,12 
67 

0 01 
0 01 

3g09 

- 
04 

05 
D 19 
0 10 

1.71 
1,99 
70 
.01 
05 

0 

D 

42.5 
6,s 

32 D 

P Per 

o 43 
o 44 
0 56 
2.49 

0 34 
0 2 8  - - 
04 

., 03 
002 
0 01 
e 03 
0 02 
0 01 
0 01 
06 
.05 

0 01 
05 

- 

D - 



TABLE 1x1 

COIQ'ARITIVE DEPOSITION OF CARRIER-FREE &3 CARRI3R-ARSEXIC IN THE RAT 
FOUR DAYS AFTER INTRABmTSGuLAR A D b X N I S W I O N .  VALUES GIPEX AS PER- 

OF DOSE COFREXXED FOR RECOVEXY, 

Carrier-free .01 01 mg LoC D!g 

% Pep 
gram 

32 
0 43 
0'14 

l0?3 
29 

0 31. - - 
0 05 
D 02 
0 03 
0 01 
0 02 
a 01 
0 01 
0 01 
.06 
0 02 

a 02 
03 

P 

P 

0 

f 174914 



TABU IV 

DEPOSITIOI; OF CLSRRIZR-EliU Cbg5 C O E L E X X )  Jim CIT'RA!I%* IN 
THE RAT FOLLObIIIiG lxT€ULiQScuLAR ADUINISTTIATION, V & m  

GIT3J IIJ PERC3.;T OF DOSE CORRECTED FOR RECOVERYa 

1 D  4 D  16 D 32 D €4 D 

Ti s s S per  % per % per  5 per $ per $ per k per Sa per P per  % per 
orgar gram orgm gram organ gram organ gram orgm gram 

Hear? 

Spleen 
Blood 
Lf rer 
Iz i  dr.4 y 
Adr6XdS 
Thyroid 
L p p h  Gland 
Pancreas 
Brain 
Far 
S i  oniach 
Sm In+ 
Lg In7 
Skeleton 
EUSC l e  
Skin 
Gcn h.5 s 
Eyes 
P i t  u i t ary 
Urine 
Feces 

42 
.81 
0 2 4  

3,97 
1,45 
04 

0 02 

14 
04 

-89 
l,, 96 
4,eO 

22,2 

-. 

L 

23,6 
14.1 
12,o 
1.29 
06 

7,18 
4,84 

<" 01 

0 26 
,Za 
0 02 
Y 32 
08 
24 

1 i. 01 
1,43 
14 
40 

a 52 
16 

0 16 

0 19 
?,?2 
8,42 
2,92 
03 

o 47 

<,Ol - 
17 

9 01 

28 
1,94 
4,13 

7.96 
8.48 
1,41 
04 

- 

16,2 

<,01 
18,O 
21,4 

0 16 
0 23 
e 23 
48 
61 

l e 2 0  
I - 
.09 

<. 01 
08 
05 

0 16 

0 88 
0 O? 
0 20 
41 

009 

0 40 

0 17 
0 59 
0 39 
e 68 
4,54 
f,85 
-03 

< .01 

<. 01 13 

0 

13 
1,56 
1032 
9,05 
8,86 

1,46 
03 

10.4 

<. 01 
31,5 
27-2 

17 
0 25 
36 
04 

0 35 
0 64 
D 

D 

" 4? 
m 13 

08 
03 

0 12 
16 
42 

<. 01. 

0 07 
0 20 
0 69 
3 08 

16 
3C 

o 32 
0 21 

2,56 
2,14 

0 01 
<,Oi 

<. 01 
- 
.17 

- 
0 12 
0 94 
1,13 
8,38 
6.83 
6,90 
1,27 
03 <. 01 

44,3 
24.2 

Q 1'7 
1E 

0 G34 
0 01 
24 

.. .80 

s 

27 

<. 01 16 

" 55 
.06 
c 10 
0 11 
0 43 
0 06 
" 16 
33 

0 11 

0 13 
c 46 
0 25 
0 17 
2 98 
.e3 
0 01 < "01 

<>Ol 

- 
0 10 

- 
13 

. 7 3  
52 

6.89 
3 89 
4,94 
1,14 

0 02 
<,Ol 
35,6 
42,O 

100 0 0 100 0 0 100 0 100 0 0 100 0 0 

0 22 
0 20 
0 47 
0 01 
c 22 
41 

- 
0 3'7 
,17 <. 0 1  
0 07 
.04 
., 07 
05 

0 3? 
04 

0 10 
69 

,, 08 

* 1, 4, and 16 day animals received 1 .5  mg c i t r a t s ;  32 and 64 dag aimals 3,O 
ng c i t r a t e ,  
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TABU V 

T 1 ssue s 

Heart 
LLtng s 
Splrsn 
Blood 
Lr-er 
Kidney 
Adresals 
Thyroid 
Lymph GLand 
Pancreas 
Brain 
Fat 
st onach 
Sm Int 
Lg In?- 
Skele%on 
l4ll.ls;a e 
Ski5 
Eye E 
P i t  -J it ary 
Gonads 
Urine 
Feces 

D E P O S I T I O N  OF CAR;IIER-FREE Cbg5 COMPLEXED Y I T H  OlIALATE IN 
THE RAT 4 AND 64 DAYS AFTER IX”WXTSCUL4.R A D E I N I S T B ~ I O N .  
VALU3S G I P E E  AS PERCENT OF DOSE A N 3  CORREX‘l3D FOR RECOVERY. 

4 Days 64 D a y s  

B €Je= 
organ 

e21 
0 7 1  
0 44 

4,22 
4,12 
3,oo 

05 
0 06 

0 10 
002 

0 37 
1,73 
2,20 

7,49 

06 
0 01 
0 20 

9,08 

- 

- 

25,9 

10,3 

29.8 

e 33 
0 59 
.87 
e 38 
62 

2,09 

- 
-89 
32 

0 01 
” 44 
07 
29 

0 32 
2,20 

0 09 
0 33 
16 

82 
- 

07 
0 3 4  
c 23. 
0 10 

1 . 3 1  
1,33 

0 02 
c 01 

0 P 
J 01 

o 08 

- 

- 
66 
52 

1,99 

0 91 
0 01 
0 03 

1007 

2,a2 

41,5 
37,6 

e 09 
15 

0 3 3  
0 01 
26 

0 87 

D 

o 29 
07 

0 01 
d 07 
o 03 
o 07 
06 
072 
0 02 
0 10 
0 07 

15 
- 

100 0 0 100 ,o 
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end f e c e s  ss t h a t  32 ddys a f t e r  adminlstraTion the  primary organ of deposi t ion is 
skeleton,  These data  are summarized i n  Table V I ,  

Protoactfniun;, 
adminis t ra t ion,  
d i f f i c u l t y o  
percent ,  and 59,2 percent a t  4, 1 6 ,  32, and 64 days r e spec t ive ly ,  O f  t h e  materi- 
a l  absarbell, t h e  major port ion was i n  t h e  skeleton and i n  addi t ion i n  s o f t  
t i s s u e s  such as l i v e r  kidney, and muscle. Protoactinium is excreted i n  both t h e  
u r ine  and the  f e c e s  and 64 days af ter  intramuscular adminis t ra t ion,  a2proximately 
40 percent of t h e  material was excreted,  These data are sumarized i n  Table  VII. 

Praseodymi~un. 
material .  which was reported previously is now being prepared f o r  d e c l a s s i f i c a t i o n  
and w i l l  be submitted as a complete repor t ,  

has been coapleted up t o  64 days following inrramuscular 
This member of t h e  a c t i n i d e  s e r i e s  of elements is  absorbed wi th  

There remained a t  t h e  s i t e  of i n j e c t i o n  7 1  perr,ent, 73. percent,  67 

I n t r a m s c u l e r  s t u d i e s  on praseodymium have been completed, This 

Uranium, 
per i sd ,  Less t h a n  I Farcent of t h i s  mater ia l  remained a t  the i n j e c t i o n  s i t e  at 
t h i s  time period; t h e  prunary avenue of exc ra t ion  being t h e  ur ine,  
material abacrbed, 3,2 percent remained i n  the  skeleton,  .36 percsot i n  t he  
kidney, and Traces i n  muscles and s k i n ,  (See Table V I I P )  

Intramuscular s t u d i e s  using U233 have been conipieted UF to t h e  254 day 

O f  t he  t o t a l  

1 1 1 4 9 1 1  
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1 D  4 D  . 16 D 32 D 

Tissue $ per  
crgac 

POC 0 0 

$ per  $ per  $ p e r  $ per  
grm o r g a  grm. organ 

06 
06 
18 
04 

2.70 
1.06 - - 

06 
03 

0 01 
0 12 
0 12 
0 ?1 
0 76 
e 01 
0 12 
04 
03 

<L> 31 

D - 
- 

.UT 
i8 

" 15 
0 15 

2.54 
a 01 
.@1 

02 

26.3 

- 
<" ox - 
18 
.53 
0 59 

6,58 
4.30 
07 

0 01 

33,3 

<. 01 
11,o 
14.0 

100 0 0 

0 c7 
Y 11 
0 22 
0 01 

2.50 
1,14 

P 

- 
0 11 
0 0% 

26 
' .04 

n 07 
0 c: 
0 99 
04 

0 11 
.02 
.03 

<e 0: 

- 
P 

- 

e 06 
0 11 
"17 

<* 01 

~ 7 4  
<. 01 

11,9 

i 01 

0 01 
I 

<. r , l  - 
e 14 
<, 80 
83 

8,17 
1,74 

c 17 
<. 01. 
<. 01 

37.8 

12,6 
23.7 

100 0 0 

.06 
06 
.19 

<a 01 
1,16 

e 86 - 
0 oe 
0 02 

.01 
0 05 
08 

0 14 
1.05 
06 
03 
08 
03 

<. 0.1 

- 
- 
D 

0 02 
0 06 
0 11 

<. 01 
I59 
0 70 - 
I 

0 O I  
0 01 

<* 01 
r 01 
c 04 
0 11 
., !I8 
0 95 

D 06 
* 02 
0 02 

<. 01 

- - 
- 

*Apgrcxjmatelg ES,xogram of Europium was administered w i t h  the Eu154. 
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TABLE VI1 

D E P O S I T I O X  OF P R O T W T I N I U E  I N  THE RAT FOUGdslING lXIWUJScuLAR 
ADKINISTElilTION. VALUES CORRECTED FOR RECOVEFtY AND EXPRESSED 

AS PERC3.NT OF DO= 

Heart 
Lungs 
Spiean 
Blocd 
Liver 
Kidney 
Adrenal 5 

Lymph Gland 
Pancreas 
Brain 
Fat 
Stomach 
Sm I n t  
Lg 15; 
Ska? 5- 3n 
Muscle 
Skin 
P i t u i t  e r y  
Eye L= 
Gonads 
Urine 
Feces 

T h p c  Id 

$ 1 2 1  
0rgaIi 

0 25 
P 76 
065  

2,83 
7,,73 
4"05 

0 06 
,>02 

2i 
a 

04 

23 
1,28 
i,El 

7,c9 
6,12 

006 
< , i o  

9,G3 

- 

45.1 

<. 01 

12,? 

100 0 0 

4. D 

$ p r  
grm 

0 31 
0 52 
0 95 
25 

1,24 
2,€3 - 
i*92 

0 45 
002 
15 
04 
17 

0 21 
2,85 
08 

Ls 23 

0 21 
0 79 

- 

- 

16 D 32 D 64 D 

5 Per 
organ 

.20 

.54 

.53 

4*33 
2.5'7 
.03 
D 02 

13 
0 01 

14 
.81 
.88 

5,7s 
6.30 

., 04 
a 03 

78 

- 

45,9 

<. 01 

11,2 
19,8 

100 0 0 

P Per 
gram 

23 
Y 37 
., 68 
.06 
0 51 
1,41 
s 

- 
2,44 
.31 
0 01 
0 10 
04 
.09 
0 10 

1.99 
e 06 
18 

0 17 
67 

- 

- 
- 

% Per 
organ 

e 22 
1,lO 

b 95 
78 

5,04 
4.10 

o 07 < 01 
40 

0 01 

25 
1,39 
1,56 

7.83 
6.06 

0 09 
0 10 

- 

35.2 

<o 01 

15,6 
19'2 

P Per 
gram 

32 
65 

1,28 
0 06 
"48 
2,16 - - 
3,02 

0 59 
0 01 
18 

0 06 
e 16 
,, 16 

%,16 
07 

0 21 

23 
1,22 

- 

- 
I 

$ Per 
organ 

0 20 
L 65 

1 E <!4 
0 44 

4,84 
2,97 

0 05 
.01 

0 15 
c c2  

0 20 
1,34 
88 

5,84 
4,73 
GO1 

0 05 
.IO 

L 

- 

36,4 

19,6 
20 4 

,$ Pep 
gram 

e 26 
42 

1,67 
04 

0 66 
1.87 
s 

I 

87 
.30 
0 01 
" 10 
0 10 
17 
14 

2,29 
0 06 
0 l? 

0 20 
0 72 

P 

- 
- 

i o0  .o ioc 0 0 
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TABLE VI11 

DEPOSITION OF U233 IN THE RAT 254 DAYS AETE8 
I.NTEL&XScuLAR ADUINISTRATION. V&F& C O R B E C m  FOR RECOVERY 

AND EXPFiZSSm AS F'XdcETJT OF DOSX. 

Tissue 

Haart and hngs 
Spleen 
Blood 
Liver  
Kidney 
c. I o  

Skelet cn 
Muscle 
Skin  
Urine 
Feces 

P Per 
organ 

<. 01 
GO1 
6 0 1  
<e 01 
.36 

<. 01 
3.20 
<. 05 
<. 02 

81,5 
14.9 

100 0 0 

k Per 

<. 01 
<. 01 
<. 01 
G 01 
15 

<. 01 
e 08 

<o 01 
<,01 - - 



Eff6 r - t  9f Z‘,Ic?ni31r, Cl?zatt j  3n the  El iminst lan cf Radloceraari, I ? z L , x ~  treatm63t 
wi*h masslue doses of zirconium c i t r a t e  has  been shown ta caiise a marmd increase 
i n  the  urinary e x c r s t i m  of radioyt t r ium and plutoniuri, w i t h  a z o r r e s p m d i n g  
rs3uc:Izn in &ale?a l  deposi t ion,  
C ~ S E  cf xadios”so2t ia0 The present experm;efit was unde r rmsn  T:I d e ~ c m x i e  t h e  
effs;t  rf z i r c c ? . i a  “ i t r z t e  on the exc re t ion  and borie retenr;i:r of rrdi-cerium, 
Caricui was chc56n a s  a r e2 resen tz t ive  of t he  group of ram eljxtkic aid a::in;ded 
earths wki;h hare a nigh i n i t i a l  l i v e r  a c t l v i t y ,  and are ex::re?ed :3r+:j’ by way 
cf zhe f e c e r ,  

Slich t r e a t m a t  has beer: fxcd r n ~ f f e c C i v 6  i11 the 

Conciusion: ZirconiuL c i t r a t e  inject ions ( ine f f ec t  ioe w i z h  ra2rostsont  irun) 
ds cause tu! increase i n  t h e  ur inary  exc re t ion  of ~ e 1 4 4 ~  a:thoki@h -?Le e f f e c t  is  
muzh less marked than f o r  radioyt t r ium and plutcnium. However. :he 6ffe:t appears 
Tc be t o c  small t o  be of any value i n  decontamination, 

Effe:t of tkssi-de Doses of Parathormone and Zirconium Cisrate  OL t he  5: i n i m t i o n  
of Radiq%+,r:um Although massive i n j e c t i o n s  of zirconium t;-;rarz -?iL increase 
t h e  urirrary excre+i%i of radioyt t r ium and plutonium, t h e  effe-T 1 s  g rea t l y  reduced 
if s u f f i c i e n t  t ime has elapsed f o r  these elements t o  becme f ixed  13 h m e -  
large doses (;f parathom.Gne produce a c t i v e  bone r e s o r p t l m ,  IT VJLS ;:.-ped t h a t  such 
treatment Eight frse t he  previously bound. elements so t ha t  the,-  jxg?,’ ‘E €1-ninated 
v;rtfi z i r c m a x ,  c i t r a t e ,  

Since 
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T i s  sues 

Urine 

Feces 

Femur 

Li-aas 

Kidney 

Spleen 

C a m a s  s 

TABU I X  

T€E EFTECT OF ZIRCONIUU CITRATE AND SODIUE CITRATE ON CeLa 

C o n t  r 01s 

3, t + 1 " 2  

1 6f0.3 

0.620.1 

57.129.8 

4,6+5.4 

3.222 0 

25.523.4 

Sodium C i t r a t e  
1.6 ml, lo$ 

C,. 721.1 

2.0+0.'7 

0 ?% e 04 

60.622.9 

2,821.6 

2,6%.8 

25,422 e 7 

Zirccnium C i t r a t e  
40x11~~ Zr, 

2,620,9 

0 c 5LO 0 94 

42,226 3 

1 n 5% .. 6 

22 5% .4 
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Procedure: Y o u i  femele ra ts  (weight range 120 - 150 grms, age 6 - 7 
weeks) mere used because of t h e i r  g r e a t e r  suscepTib i l i ty  t o  t h e  a c t i o n  of para- 
thormone, Each was in jec ted  intravenously ( foot  ve in)  wi th  0,25 m l ,  of en i so tonic  
salt so lu t ion  containing 45 microcuries of c a r r i e r - f r e e  Y ~ C  and 10 micrograms of 
Pu2390 
treatrnant given, 

The pH w a s  around 5, The rats were divided i n t o  6 groups according t o  t h e  

(1) Ccntrol group =' 6 r a t s  no treatment 

(2) Pre t rea ted  - 4 rats, in jec ted  Ip w i t h  40 a g o  Z r  as c i t r a t e  in  1,6 ml, 48 
hours p r i o r  t o  t h e  adminis t ra t ion of Y90 m d  P2239" 

(3) Immediate treatment - injected IP w i t h  40 mgo Zr zt the  same time as t h e  
a d m n i s t r a t i o n  of ' the Y90 and P.d2390 

( 4 )  Post- t reated - in jec ted  Ip with 40 rcg, Zr, 48 hours following the  
a&c. inis t ra t ion of t h e  radioyttrium and plutocium, 

( 5 )  ParaThorcrone t r e a t e d  - in jec ted  IP with 500 u n i t s  of parathormone (E,Lilly) 
i n  5 m l , ,  24 hours f o l l 3 w i w  sd i i in i s t ra t fon  of 
Y90, Pu239, 

( 6 )  Combice3 parathornone and 
z i r c c n i m  c i t r a t e  treatment - in jec ted  IP wizh 500 u n i t s  ( 5  ml,) para- 

thormone 24 nours and 40 mgo ZI as c i t r a t e  48 
hours after the  adminis t ra t ion of t h e  radio- 
yttrium and plutonium, The Z r  treatment was 
timed t o  coincide w i t h  the maxLiun e f f e c t  of 
parathcrmone 

The r a t s  were placsd i n  individual  metab~~l.ism cages, and ur ine  and f e c e s  
were ~ d l e c t e a  d a i l y ,  They were fed t h e  regular  stock d i e t ,  A t  t he  end of s i x  
days. t h e  animals were s a c r i f i c e d  and t i s s u e s  and excre ta  were analyzed f o r  Ygo 
and yU2390 At present ,  data is  only a v a i l a b l e  f o r  the  f l o ,  

Results:  The r e s u l t s  of t h i s  experiment a r e  shown i n  T a b l e  X o  The values  
are expressed a s  percent of t h e  administered dose and the  f i g u r e s  given a r e  the  
averages f o r  each group, - t h e  s tandard deviat ion,  

The ur inary  excre t ion  of Ygo w a s  s fgni f icar i t ly  increassd i n  all the  groups 
t r ea t ed  with Z r ,  t h e  most marked e f f e c t  being obtain83 when treatment was given 
immediately following the adminis t ra t ion o f  YgQ, 
had no e f f e c t  on urinary radioyttriwn, whether given a l a e  o r  x f t h  zirconium. 

The massivs dose of  parathormone 

Sksletal  uptake of radioyt t r ium w a s  s i g n i f i c a n t l y  reduced i n  the  r a t s  
prefrezted with 2, and i n  those given i n j e c t i o n s  of Z r  immediately a f t e r  t h e  dose 
o f  Ygo0 &en t h e  treatment was given 48 hours a f t e r  t h e  dose ~f radiof i t r iwn,  the  
reduction i n  bone uptake was slight, and unaffected by parathormone, The massive 
dose  o r  parathomone by i t s e l f  hsd no e f f ec t  on t h e  concentraticui of radioyt t r ium 
i n  bone, desp i te  t he  very ac t ive  bone resorp t ion  produced by t h i s  dos9, 
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TABU X 

Tis sues 

Urine 

Feces 

F e m  r 

Liver  

Kidney 

Spleen 

Carc ass 

EFFi3CT GF PARATHOFULONE -YD ZIRCONlTbI 
CI'I'RATE ON W METABOLISM OF Ygo 

Control Pre t rea ted  
40 mg. Zr 
48 hrs .  
before Y90 

9,7f0.8 16 .Oil. 3 

9,5*0.9 11.6i0.2 

2,950.1 1.8+0..1 

13,722.7 

Immediate 
Treatment 
with Z r  
C i t r a t e  

28 .O%. 2 

7.423.0 

1.6f;O .4 

17,2+3.9 

1.021.3 

0.7+0,3 

43.5i7.8 

Parathormone 
500 units 
24 hours 

8.5+0,6 

8.5+1.0 

3.420.5 

7.822.6 

1 e 520 3 

0.220.1 

71 724 3 

Zr C i t r a t e  
a t  48 hours 

16,121 5 

12.721.2 

2,4+0,4 

8 2 2 i  6 

1,9iO 2 

0,320 1 

55 .4+3,3 

Parathormone 
24 hours, Z r  
C i t r a t e  48 hr .  

13.6t0.9 

13 e 122.8 

2,620 3 

10 721 ,, 8 

1 8+0,2 

0 ., 3t0.02 

56.722.7 

Recovery 97.7+3,7 99,925.1 99.423.4 1 0 1 . 9 ~ 3 , 2  97,9+1.7 99 023.3 



UCRL 193 

-19- 

The a n i d s  t r e a t e d  with Z r  had lower carcass  values  f o r  radioyt t r ium, but 
t h e  d i f fe rence  was only s ign i f i can t  i n  t h e  group given immediate Z r  treatment.  

Conclusions: 

(a) Despite the  ac t ive  bone resorp t ion  produced by massive doses of 
parathormone, such treatment appears t o  have no e f f e c t  on the s k e l e t a l  uptake o r  
excret ion of radioyttrium. 

( b )  I n t r a p e r i t o n e a l  i n j ec t ion  of l a rge  amounts of zirconium c i t r a t e  
(40 4. Zr) 2 days before,  o r  immediately after the  adminis t ra t ion of Y90 produces 
an increased ur inary  excre t ion  and a reduced uptake by bone. 

( c )  while zirconium c i t r a t e  i n j e c t i o n s  hold some promise as a de- 
contamination procedure, t h e r e  appears t o  be l i t t l e  value from parathormone t r e a t -  
ment. 

Work i n  Progress 

( a )  Effect  of parathormone and zirconium c i t r a t e  on Fu2390 Plutonium 
assap are being made on the t i s s u e s  and excreta  of t h e  animals repor ted  above. 

(b 1 Kinet i c  s tud ie s  of radiostrontium uptake and excret ion,  

( c )  E f f e c t s  of severe phosphorus def ic iency on bone deplet ion.  

( d )  Endocrine f a c t o r s  i n  bone foxmation: The e f f e c t  of thyro id  and 
growth hormone on t h e  deposi t ion of radiostrontium. 

I I 1 4 9 2 5  
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Radiochemical I s o l a t i o n  

An improved d i s t i l l a t i o n  method was found f o r  s epa ra t ing  c a r r i e r - f r e e  t i n  
from alpha-bombarded cadmium. 
t i o n  of t i n  t o  t h e  walls of t he  containing v e s s e l  have been eliminated, In t h e  
modified technique, concentrated hydrochloric was used t o  remove t i n  bromide from 
t h e  carbon dioxide czrr ier-gas  and c i t r i c  ac id  was added t o  t h i s  s o l u t i o n  p r i o r  t o  
evaporation. 
absorption l o s s ,  

The low y i e l d s  previously a t t r i b u t e d  t o  t h e  absorp- 

T a r t a r i c  m d  oxal ic  a c i d s  were a l s o  found e f f e c t i v e  i n  preventing t h e  

Carr ier-free a r sen ic  w a s  separated from two deuteron-bombarded germanium 
t a r g e t s ,  
Approximately 75 microcuries of a r sen ic  was obtained from each t a r g e t ,  

A d i s t i l l a t i o n  method which has been previously reported was used. 

A 10 m i l l i c u r i e  sample of Oak Ridge ca r r i e r - f r ee  Y t t r i u m  (Ygl) was.purified.  
A contamination of Ce144 w a s  found and removed using a thorium ioda te  p r e c i p i t a t i o n  
met hod 

An Fmproved technjque f c r  separat ing columbium from zirconium was worked out. 
The method invclves a preliminary manganese dioxide p r e c i p i t a t i o n  t o  s epa ra t e  
columbium from zirconium followed by a sepa ra t ion  of columbium and manganese 
c a r r i e r  using a f e r n i c  hydroxide scanvenger, 

Several  o t h e r  O a k  Ridge shipments were worked on: c a r r i e r - f r e e  was 
submitted t o  blro Stewart f o r  radio- u r i t y  determination and it was found t o  contain 
only one a c t i v i t y ;  so lu t ions  of EUlg4 and Eu155 were character ized and physiologi- 
ca l  so lu t ions  were prepared. 

t 1 f 4 Q Z b  



UCRL 193 

-21- 

Biethod of Preparing Anthracene Crys ta l s  Sui tab le  

f o r  S c i n t i l l a t i o n  Counters 

M r ,  John Aliey has spent considerable time i n  developing the  following 
nathod f o r  t h e  preparat ion of anthracene c rys t a l s .  

Anthpacene has been demonstrated t o  be one of t h e  b e t t e r  phosphcrs f o r  use 
with t h a  s c i n t i l l a t i o n  counter (1) ( 2 )  (3). The fo l lav ing  method u t i l i z e s  equip- 
ment a v a i l a b l e  i n  most l a b o r a t o r i e s  and has produced water c l e o r  c r y s t a l s  of 
anthracene up t o  t e n  grams. 
contained small i n t e r n a l  cracks,  
niques may e l i n i n a t e  th i s  type of imperfection. 

The majori ty  of c r y s t a l s  over four  t o  f i v e  grams have 
It is  hoped however, that, proper annealing tech- 

The process i n  use at t h i s  laboratory c o n s i s t s  of b;c s teps :  p u r i f i c a t i o n  
of t h e  anthracsre .  and formation of t he  c rys t a l s .  
is a s d ,  p u r l f i c a t i o n  may be accomplished by two r e c r y s t a l l i z a t i o n s  from absolute  
e thy l  alcohcl*.  
volume of benzene may be added. A r e c r y s t a l l i z i n g  apparatus similar t o  Fig,  4 is 
suggested f o r  t h e  p u r i f i c a t i o n  phase. 

If Eastmm Kodak 480-X anthracene 

Because of t he  low s o l u b i l i t y  of anthracene i n  alcohol ,  Z5$ by 

Anthracem i s  placed i n  the  chamber (A) above t h e  s i r t e r e d  glass f i l t e r  with 
the alcohol-benzene n;ixtxre below ( B ) ,  
f i l t e r ,  corideme, and d i s so lve  t h e  anthracene, bringing it through t h e  f i l t e r  and 
i n t o  the  lower chamber, 
chamber, and r e c r y s t a l l i z e d  i n  the  lower, it i s  cooled t c  room tampera twe,  f i l t e r e d ,  
and washed w i t h  absolute  a lcohol .  Residual 
alcohol remaining on the  c r y s t a l s  i s  removed with a vacuum pump. 
ing,  th6 anthracene may be l e f t  damp, as the  vapor w i l l  f a c i l i t a t e  'the removal of 
a i r  i n  the  next s tep.  

When heated, t h e  vapors w i l l  bypass the  

Af te r  t he  anthracene has been dissoived from t h e  upper 

The f i l t r a t e  and washings a r e  discarded, 
However, f o r  s to r -  

Af te r  pu r i f i ca t ion ,  t he  anthracene is placed i n  a flask made from pyrex 
tubing and shaped as shown i n  Fig,  3. Anthracene w i l l  decompose if  heated i n  t h e  
presence of oxygen and therefore  the  flask i s  evacuated and sealed o f f ,  

The neck of the  flask may be cons t r ic ted  f o r  s e a l i n g  under vacuum, after 
being f i l l e d  with anthracene if t h e  air  i n  contact with t h e  anthracene is  first 
displaced w i t h  an i n e r t  gas such as helium, 
should be removed from t h e  surface t o  be  cons t r ic ted  by g e n t l e  heat ing before  apply- 
ing  the  fu l l  heat of t h e  torch. 

To insure a good seal a l l  anthracene 

Tn form t h e  c r y s t a l ,  t he  anthracene i n  the  f l a s k  is  melted and then slowly 
cooled fram the  bottom toward the top ,  To e f f e c t  d i r e c t i o n a l  cooling, a c y l i n d r i -  
c a l  e l e c t r i c  eonbustion furnace i s  placed on end and insu la ted  sc t h a t  cooling w i l l  

*If an th racme  c the r  tlmi Eas tmaa  Kodak 480-X is  used, % h e m a l  r e c r y s t a l l i z a t i o n  
i n  th3  furnace may e f f e c t  a s u f f i c i e n t  separat ion of iEpur i t i e s  s o  t h a t  a more 
e f f i c f m t  and wnvenient process may be develoFed ( r f x r y s t a l l i z a t f o n  from an 
appropris te  solvent founj. by s o l u b i l i t y  tests on t h e  impurity),> 

I If4921 
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T e P i  T:.D start fro: t h e  bottom, (Fig.  1). 
has been evaeuatsd, i s  put ins ide  t h e  furnace and covered wi th  a heat sh i e ld  
(Figs. 1 and 2 )  
minimize rap j  d temperature changes, 
e4 i n  s e r i e s  wi th  t h e  furnace,  one of which is used t o  b r ing  t h e  furnace up t o  the 
melting point  of anthraceLe (217%). 
then  used t o  slowly reduce t h e  power supply, 

The sezled flask., f r c m  which a l l  a i r  

This i s  done t o  f u r t h e r  f a c i l i t a t e  directicn€iL cool ing,  and t o  
Two var iab le  voi tage  transformers a r e  connect- 

The f u l l  range of t h e  other t ransformer is 

Or ig ina l ly  t h e  transformer w a s  turned down manually a t  811 i n i t i a l  r a t e  of 
approximately one two-hundredth of t h e  t o t a l  power pe r  hour. 
r a t e  which gave s a t i s f a c t o r y  r e s u l t s ,  manual operat ion was replaced with a constant  
speed motor and reduc,tion gears.  
and c r y s t a l s  were formed by cooling t h e  melt at an i n i t i a l  r a t e  of b t o  2OC per  
hour-. 

After determining a 

A thermometer was placed i n  t h e  system (Fig. 1) 

After 24 t o  30 hours t h e  cool ing rate was increased t o  4 t o  5% per hour. 

Because t h s r e  is a temperature grad ien t  through t h e  8nthraG6Le8 t h e  tempera- 
t u r e  measured at one point  in t h e  furnace during c r y s t a l  formatian w i l l  go through a 
range which w i l l  depend upon t h e  gradient  i n  the system m d  depth of c ,ys ta l  being 
formed , 

The c r y s t a l  is taken out of the  furnace when it  reaches room temperature 
and is removed from t h e  f l a s k  by c a r e f u l l y  breaking away t h e  g"ass, 
be cut o r  sawed, and polished w i t h  a s o f t  rag  and benzene, 

It can then  

It is  suggested tha t  room temperature v a r i a t i o n ,  if rap id  o r  l a r g e ,  be 
avoided and that  a constant  vol tage t ransformer be used if  t h e  l i n e  vol tage  i s  not 
regulated e 

There is no r e a s o q  a t  present ,  t o  be l i eve  t h a t  t h e  dimensions of t h e  
However, t he  combustion furnace used hss an i n t e r n a l  equipment are c r i t i c a l ,  

diameter of 7,8 cm, The heat s h i e l d  is  of 64 mm, tubing and 24 sm, i n  length,  
It i s  zoversd w i t h  aluminm foil and asbestos  sheet ing which was softened wi th  
water,  
was a l s o  insu la ted  wi th  asbestos  sheeting. Cracks and protruding metal  p a r t s  were 
covered with asbes tos  and water mixed t o  t h e  consistency of put ty .  
on s i d e s  and t o p  was three t o  f o u r  times as t h i c k  as on t h e  t c t t m  of the  furnace.  

The edges were glued toge the r  with sodium s i l i c a t e  so lu t ion ,  The furnace 
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I1 BIOLOGICAL 

J .  H, Lawrence - i n  charge 

Pro jec t  MA-I1 

Biological  Use of High  Energy Deuterons 

C. A. Tobias, Paul  Rosahn*, Margaret Lewis**, H a l  Anger, 
and J, He Lawrence*** 

In the Quarter ly  Progress  Reports f o r  March-June, 1948, methods of 
observation and measurement of l igh t  nuc le i  for t h e  purpose of b io log ica l  experiment- 
a t i o n  were out l ined ,  
ons, o r  alpha p a r t i c l e s  o f f e r s  two d i s t i n c t  advantages: 

It was pointed out that  t h e  use of high speed protons,  deuter- 

(1) 
s e l e c t i v e l y  and without i n f l i c t i n g  severe damage t o  t h e  sk in  and underlying 
layers, Thus there is a p o s s i b i l i t y  f o r  experimental tumor therapy and f o r  
t he  observat ion of t h e  na ture  of b i o l o g i c a l  e f f e c t s  due t o  l oca l i zed  treat- 
ment. 

One should be a b l e  t o  irradiate deep-lying t i s s u e s  o r  organs of animals 

(2) 
ments concerning t h e  na ture  of the b io log ica l  e f f e c t s  on chromosomes and 
on c e r t a i n  micro-organisms. S ign i f i can t  advances may be expected i n  t he  
comparatlve s tudy of r ad ia t ions  w i t h  d i f f e r e n t  s p e c i f i c  ion iza t ion .  

These p a r t i c l e s  a r e  s u i t a b l e  f o r  carryhig out ce s t a fn  c r u c i a l  experl-  

Like a l l  new experimental  t o o l s  t he  methods f o r  b i o l o g i c a l  use of the  
cyclotron a l s o  have t o  undergo a considerable  period of development, during which 
i n s t m e n t a t i o n  a d  t h e  method of measurement is cont inua l ly  improved. Since 
accurate  measurement of dosage is of Fmportance, considerable  time has been spent 
on the problem. In addi t ion ,  severa l  b i o l o g i c a l  experiments were begun. In reading 
the  data presented below, one should bear  i n  mind t h a t ,  as i n  previous r epor t s ,  the  
work is  i n  a preliminary s tage ,  and the  conclusions reached should not. be regarded 
as f i n a l .  

Measurement of t h e  Phys ica l  Charac t e r i s t i c s  of Deutsron and Alpha Beams. When t h e  
high energy alpha o r  deuteron beam is brought out t o  t he  a i r  frcm the cyclotron,  
it has t o  pass through t h r e e  d i f f e r e n t  focusing devices - an e l e 2 t r i c  de f l ec to r ,  a - magnetic de f l ec to r ,  and an ex te rna l  focusing magnet. The va r i ab le  c h a r a c t e r i s t i c s  - of these d e f l e c t i n g  devices  a l low shif t ing of t he  pos i t i on  of t h e  ex te rna l  beam and 

F b io log ica l  experimentation it w a s  necessary t o  a l ign  t h e  treatment bench exac t ly  
-0 with t h e  beam. 

measuring instruments and b io log ica l  specimens, Since one is  not allowed t o  be 
r-4 prese r t  in t h e  bombardment room while t h e  b e m  is turned 04  the t ab le  is equipped 

with remote cont ro l ,  

' 4  considerable v a r i a t i o n  of its i n t e n s i t y  d i s t r i b u t i o n  a t  the e x i t  por t .  FOP 

In order t o  accomplish t h i s  a t r a c k  system was devised t o  c a r r y  all 

The pos i t i on  of the beani with respect  t o  t h e  treatment table  

* Vis i t i ng  fe l low;  now Pathologfst  t o  t h e  New B r i t a i n  General Hospi ta l ,  New Br i t a in ,  

** V i s i t i n g  fe l low; now at Evans Memorial Hospi ta l ,  BostoI;, Eass,  
Conn e 

*** W 4 + h  +ha o o c ; i s C n n n m  ne I U n a  Pnns+enea I l l - e m . i l l ~ ~ c  o n A  X T n e  t cnn  T I I ~ ~  
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is  x C i ? a T 3 i i  k.p Q~iSrm; i o n l a t i o r  c-iamber: (BP lG96, Fhc.rc=graph E shows t h e  
complete t a b l e  with some of the monitoring icnfza t ion  chambers and o ther  equipment 
used 0 

The mosT converAlent monitors a r e  p a r a l l e l  w a l l  ioriizatior cnamers which 
measure t h e  r a t e  of i cn iza t ion  i n  the  a i r  between two p a r s l l e l  e lectrodes.  In 
order t o  t r t  tke acclirccjr of t h i s  method aod t o  cbtaiz absolute c s l ib ra t ion ,  it 
apFearsd worthydhfie t o  begin a inves t iga t ion  of t he  dependence of ion current  on 
t h e  s i z e  of m e  chamber, t he  m a t e r i a l  of t h e  e lec t rodes ,  t he  appl ied voltage,  e t c .  
For t h i s  p ~ p c 9 6  an ex t rapc la t ion  chamber wes b u i l t  (showrr i n  Phstc.graph 2), Br ie f ly ,  
t h e  f d l o w f n g  c x c , l u s i o n s  were reached by t he  use of t h i s  chamker: 

( a )  lonizat.ion chvnbsrs of t h i s  type have s wide l;lareaU iri dry a i r ,  rang- 
The s l q e  of the pla teau  is ing fram 60C voltsicm t c  at l e a s t  800 volts/cm f i e l d ,  

b e t t e r  t han  1 _cerzer;t per  100 vol t /cm {see D i a g r - a i  ll0 

( b )  Using a canstant deuteron o r  a lpha  p a r t i c l e  kern 2 2 2  sa:rL?g on t h e  
f la t  part of t he  plateau,  t h e  ion current a a r i e s  proport icnsl3y w i T 5  the  d is tance  
of t h e  e lec t rodes lsse  Diagran; 2 )  

[ c )  &%en one of t h e  e iec t rodes  is replaced by ans ther  elecTrode made of 
d i f f e x n r  material, t h e r e  seems t o  be no s i g n i f i c u t  changs 2 3  tLe a m  c o l l e c t i o n  
as 10% as xhe +,hicknesses of the  e lec t rodes  correspmc! t o  eqsiLy&ent stopping 
pawer, F m r  d i f f e ren t  e lectrode mater ia l s  were t r i e d :  Graphite OG ~ L y s t e r e n e ,  
Al, 0~~ arid P T ~  Within t h e  e r r o r  of measurement (S. E? 2 perceat 'I c;f t h e s e  
electrodes d i d  not seem t o  i r i fhence  t h e  ion current aZ all, Hciverw, when a 
f i n e  F , e r y i l L r u n  copper wire screen was w e d  as an electrode,  the i o r f z a t i o n  was 4 
percent higher than with t h e  o ther  e lectrodes.  This phase of t h e  study is  s t i l l  
bei-ng ~ ~ f i % h - ~ 6 3 ~  a n d  it is  poss ib le  t h a t  w i th  re f ined  rneascriw methsds there  w i l l  
be a small electrode e f f e c t  detected in measlning the ion CLiTreES., Frcm a biologi- 
c~ riswpoint i t  is Fmportaat t o  es t imate  t h e  f r a c t i c r .  c$ icr,l.zxitor! which is due 
t; C C C ~ L ~  nuc le i  from e l a s t i c  collisions since recoif  i ixPeI  wi th  high spec i f i c  

10 h:,gher) zha r  those w i t h  low spec i f i c  ion iza t ion ,  
btiol= mag exert r e l a t i v e l y  l a r g e r  b i c i o g i c a l  e f f e c t s  (pcssiS2y by a f a c t o r  of 

( d )  D i x r i b u t i o n  of bean ion iza t ion  in a plane perpend;siiar ' t r ~  t he  direc-  
t im of the beam was studied in  the extrapolat ion chamber W i t k  a s e t  of c i r c u l a r  
s l e c ~ r o d e s  of d i f f e ren t  e lec t rode  a r e a s o  
f o r  t h e  current d e n s i t y  when t h e  beam is  l imi ted  with an  aperture  and a f t e r  it has 
gone t h r u g h  d i f f e r e n t  thicknesses  of $..I. absorber. The ion iza t ion  in a i r  behind 
these  l aye r s  of a b s ~ b e r  is highar than without the  absc~kccrs  8,846 sicwer p a r t i c l e s  
ionize more correspondhig t o  the  Bragg curve of ion lza t icn ,  
p a r t i c l e s  i n  t h e  &bsorber will make t h e  apparent width cf t he  bean p e a t e r ,  as may 
be seen c l e a r l y  from t h e  diagram. These s e t s  of e lec t rodes  ena.Ele us  t o  study t h e  
mean angle of s c a t t e r i n g  as wel l  as t h e  mean displacement c;f the particles due t o  
sca t t e r ing .  
Detailed r e s u l t s  af t h e  measurments will foiiow i n  a iar.er ? e p 9 r t e  

DlsgFaBi 3 shows typic&; @=lLTes obtained 

Also s c a t t e r i n g  of t h e  

S;ch data w i l l  be of value t o  depth therapy as we?! as t o  Physics, 

( e )  The ion current  was col lec ted  o ~ i  a capac l fc r  acd measured by means of 
a s l ide  bazk v a m i  tube volt meter which operates  on t h e  p n r ~ : j ~ L s  of manual 
compensation of the current .  U s i n g  t h i s  instnur~ent a b s o h t e  e-a??Lation of t h e  
charge collected i n  t he  ion iza t ion  chamber was made, a r S   he masurements were 
compared t o  t h e  dosage measursd i n  o t h e r  types  of instsmlanrs.  F i r s t .  t h e  s tandard  
Victoreen X-ray thimble ion iza t ion  chmbers  were t..raed. Fcr r E i r s m s  unknown 



sever& of t F i ; l < ~ i  .-'K u A ~ ~ ~ c s r ~  - - * .  pr;:.ved T O  be sntirsl:; aars l izh ls  f~ t h e i r  r e q c n s e  
when prac'ed in tLe alpk? i.r d$Giterm bean. T L B ~  shsu.ie.9 I;?OTB t han  2C$ percent 
f luc t .aa t  ion ia r e s p u m e  c.nA s o m t  Lxes they  wsre co rq ie t e iy  c?isr;hargs,?_ a f t e r  a 
snail dosee 
a gamma r ay  field. Later mmbers  of t h e  Hetilth Physics g r m p ,  Drs, Eert  Moyer, 
a d  Roger H i l d e b r a d ,  b u i l t  s m e  g e l a t i o  w a l l e d  i on ize t ion  c h m b a r s  f i l l e d  with 
air and sa tu ra t ed  water vepcr. 
wi th  t h e  ion iza t ion  measired by t h e  methGd described above, ' m d  t,k=ese r e s u l t s  are  
shown i n  Tzble  I. At  t h e  present time thcs  t h e r e  are twc indepsrdent methods of 
dosiige measurements available, both of which u s u a l l y  g i v e  %he same r e s u l t  w i t h i n  
6 percent s tandard dev ia t ion .  Another set  Gf measurement?s was ,xirricd out t o  
compare ;:ith t h e  c&l ibra t . i cn  of' F a i l l a  and Ross2  (Ccl.mbiz TELTemizy) 
o f  t h i s  ccmparison are. ne t  f a l l y  evaluated as yet.  

 LE of t h e s e  e f f e c t s  appeared hheri t h e  1nSfP.mmtS wsre r e t e s t e d  i n  

The i o n i z a t i o r  i n  t h e s e  ahmbers  agreed q u i t e  w e l l  

The r e s u l t s  

I I14934 
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shows t h e  r e s u i t s ,  &.nil it was 1 m n d  t h a t  2,5CO, 5 ,000 ,  o r  4 > Q O O  aigr* c a n  cause 
coingl.ete regression 13 s b w t  one-half o f  t h e  mimais, ir: iiarriicny v c f ) h  t h e  obsema- 
Tiors  G f  Lawrence, e t  ai ( 2 j 0  1OOOd190 appeslred t o  have retarded t h e  timer growth 
oaly f o r  a l imi t ed  t i n x  p s r i o d .  Diagrarn 4 i nd iza t e s  t h e  weigh: l o s s  cf t h e s e  
animals and t h e i r  s u m i v a l  t i m e  as compared t o  con t ro l s ,  

The T r i n c i p h  which w e  intended t o  prove ic a p r a c t i c a l  m y  -ass tha t  by t h e  
lis6 of deG;terons, p r c h m ,  '31" alpha p a r t i c l e s  it is possible  tc; deposir, a l a r g e r  
m.07=t of energy i n  a t 1 s - a ~  then i n  t h e  t i s s u e s  of t h e  ar?_mal l y i n g  ket:*lee=I t.he 
t u i o r  md t h e  radiz'ci% dzvice,  
s k i s ,  the mice were placed i n  t h e  next experiments i n  such a way th&t. t h e  deuteron 
beam had t o  pass  through t h e i r  bodies  first before  reaching t h e  tumors, 
sion dose of t h a  tumor was s e v e r a l  times t h e  l e t h a l  dose f o r  VJhobe body i r r a d i a t i o n  
of t h e  anim&ls a r d  t h e r e f o r e  it was decided t o  f u r t h e r  enhznce the  e f f s z t i r e n e s a  of 
t he  treatment ky a technique equivalent t o  mult iple  po r t  i r r a d i a t i c n , * *  The tumors 
c.? i 3 e  animals were f i x e d  i n  s p c e  and the  anirrisls themselves were r c t a t e d  slo'yvly 
armad t h e  turn, descr ib ing  a a r c  of 160 degrees,  Th i s  a l luded d i s t r i b u t i o n  of 
t h e  bemi i n  the a n i m a l  body outs ide of t h e  tumor and a l s o  increased the p r o b a b i l i t y  
cf the  most ion iz ing  pa r i  o f  the  b e m  t o  h i t  t h e  tumors u i i fomiy .  The dsvice 
acT.;ially us& is shn-m i n  pkr.tc.grz2h 3, The mice were place3 i,n,  5. h c i t e  t u b e  in 
a r e r t i c . a l  posit~io:, m e s t h a t i z e d ,  and p a r t i a l l y  immersed i n  uzter af' LGdy C,empera- 
t u ra ,  The t m c r  cf %!is animals was aligned i n  t h e  c e n t e r  fins cf t h ?  c y l i n d r i c a l  
water .:ah, 
l a c i z a t l m  t c  t h e  same spot where t h e  tumor  was located,  The 3.23e ra te  was about 
8 G i ,  d l g c  per zin.cie a d  each mcuse received treatment of oniy  t h m e  o r  feu? minutes 
durat ion,  %io sepa ra t e  experiments were performed. Ir each ,;f' thes3 t h e r e  were 
twenty mice i r radiated and menty  tuaor-bearing mice passing thrpagh t h e  same t rea t -  
ment, but. receiving no r ad ia t ion ,  The dose  s e l ec t ed  was 2800 d ir! t h e  first experi-  
nent,  a d  3500 d i n  t h e  second experfment. 
the 3128 of t h e  tumors of t h e  ind iv idua l  mice, 

Since t h e  mouse tumom were %rans;i.anfed under the  

The regres- 

AbssrEers  xere pl3ced i n  t h e  path of the deuterons 'cr  k r i - r g  t h e  peak of 

The beam aperture  was adjusted to f i t  

The e f f e c t  on t h e  i r r a d i a t e d  mice ( s e e  Table 11) in each x s t a n c e  w a s  q u i t e  
unifcrm, Tumor t i s s u e s  exposed t o  t h e  most i on iz ing  port ions of t he  beam exhibited 
r ap id  regression,  i n  s3me ins t ances  q u i t e  complete t e n  days h a t e r  i r r a d i a t i o n ,  
leaning only s c a r  tissue. At n c  t i m e  t h e r e a f t e r  was t h e m  any rumor grav&h observed 
in any of t he  mice a t  o r  near  the  c e n t r a l  spot  of i r r a d i a t i o n ,  J. good number of 
t h e  mice, hewever? in the  t r e z t e d  group s t i l l  showed continuing tumor growth, re- 
s u i t i n g  apparent ly  from two d i f f e r e n t  causes: (1) The bean  was not alimed perfect-  
l y  i n  a number of instances  and p a r t s  of t h e  tumors not a f f e c t e d  by the  beam con- 
t inueS t o  grow. 
origins! i oca t  ion which aLipeared t o  show uninhibited grovstn 8 f t e r  i r r a d i a t i o n  was 
admlnistered. In some cases  t h e s e  tumors were alcng t h e  pkth of the  trc2hzr used 
f o r  t r ansp lan t ing  t h e  trunor, and possibly they  representsd t h a  dep3s:ticn cf c e l l  

( 2 )  Thers were metastases of t h e  o r i g i n a l  turriors fhr from t h a  

rrll fragments et t h s  t ime of t r a n s p l a n t a t i o n  of t hese  tumors, IL s p i s e  2f these d i s tu rb -  - ing e f f e c t s  a.tid of t h e  s d d i t i o n a l  i r r a d i a t i o n  t o  o t h e r  p a ~ s  ~f t h e  body of' t h e  
4 animals where the beam passed t h n u g h ,  f i v e  of t he  f irst  twensy f r e a t e d  animals and 
F four of t h e  second group of ta.enty mica s u w i o s d  t h e  t r e a t x s n t  : ~ i + h  I;$ ill e f f e c t s .  
-0 
W 
v1 *"I d- 13" n" c.rrsspo~ds f.c 3 ?lea! of' deratarczs vhich pr"ocl~ze3 Z B ~ S , U .  ~f ions  O f  

6;tker sigr- fa 1 cm3 air at KoToPec when t h e  deutesor, e m r g y  is 19C L E Y  Since 
w x h  a bear?. p 2 6 t r 3 t s ~  t i u s u s .  t h e  dosage w i l l  vary wit5 fJe3:k- IG 2 mnner described 
3y t h e  Bra& c u v e .  aad i r d h e a c e d  by s c a t t e r i n g ,  
**The ratfr tdmx dose t o  sirin dose az point of en-cu was d r l x C  3.1. fo t h e  mul t ip le  

$,?re It inciease3. t; ahcut 10.1 i v i th  the  r o t a t b o a  ms?dhc2~  
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,.ltoget.her nine animals cCt of f o r t y  treated aiere found vibich survived up t o  t h e  
present time (3 i/2 mcntks L f t e r  i r r a d i a t i o n }  x i t h  t h e i r  twims conpletely r eg r s s sed  

a d  disappeared. The% afmsls today a r e  appa rmt iy  normal, 

Photographs 4 a 3  5 show two of t h e  u c i r r a d i a t e d  c o n t r o l  mice about 30 days 
a f t e r  t r a n s p l a n t a t i o n  of t h e  tumor, and a Eaw days before  death occurred. One of 
t h e  tumors i s  necrot ic .  The i r r a d i a t e d  animals are shown i n  photographs 6 - 13, 
Photographs 6 - 19 were t&en 3C days a f t e r  t r a n s p l a n t a t i c n  and 20 days af ter  fr- 
r a d i a t i o n  treatment,  
e n t i r e l y  success fu l ,  
nec ro t i c  tumors growing a t  a d i f f e r e n t  s i t e .  Photographs 8, 9 ,  m d  10 show tumor 
xr.ice success fu l ly  i r r a d i a t e d .  Complete absence of t h e  t u m o r s  may be noted; t hey  
were replaced t y  SCEI" t i s sx .  
about t e n  days a f t e r  irxfiixtim t r e a t m a t .  Some of t he  areas t r e a t e d  became 
L c e r z t e d ,  o t h s r s  s k m e d  d:crL: red blisters, and hemorrhagic b l e b s ,  If n3 metastases 
develop, t hese  a i m a l s  ?1si2ily recover from t h e  skin e f f e c t s  i n  two o r  t h r e e  months; 
otherwise most of therr, d i e  by z h i s  t i m e ,  A t  the end of t h r e e  months t h e  s k i n  
appeared normal i n  w l r r ,  t h e  epiiiermis somewhat thickened a t  t h e  site of irn3iia- 
t i o n ,  and i n  most  of the m:bn;r.ls the h a i r  began t o  grow back, 
shUm i n  Photcgrspis  11, ?-28 zrii 13, These anfmals a re  being kept f o r  f u r t h e r  
o b s e x a t i o n ,  By t h e  end of t h m e  months a l l  of t ha  c o n t r s l  a n i n n i s  had d i e d  due 
t o  uncontrolled growtk; ;f their mammary carcinomas. Diagram 5 and 6 show s u n i v -  
a1 time, weight l o % ,  a L d  ehenge i n  tunor  s i z e  of' t h e  va r ious  g r o q s ,  

Pkotogrophs 6 and 7 show animals where t h e  treatment was not 
Ncte t h e  area of bombardment indicated by amow a d  t h e  

The s k i n  of t h e s e  animals was e p i l a t e d  and reddened 

Such animals are 

The irradratcd tumor animals l o s t  weight early but gained it beck i n  a shor t  
t i n e .  Their white and red  c e l l s  and hemogiobin became samwhat, low, as evidenced 
by t h e  f a c t  t h a t  i n  two o f  the aimals t h e  white blood c ~ u n t s  were approximately 
5.000 sn t h e  t h i r d  day a f t e r  i r r a d i a t i o n ,  and t h e  red blcgd count had as: average 
l e v e l  of f o u r  million. The normal mice in  t h i s  group have white and r ed  counts of 
10,000 and 10,000,000 re spec t ive lyo  

The s t a t i s t i c s  of t h e  experiments c e r r i e d  out s o  far a r e  not as ye t  t o o  
con\-incing. Nine anFmsls oat of a treated Z o r t y  had complete regression of tumors 
and have now survived f o r  three months a f t e r  bombardment, 
twc animals are s t i l l  a l i v a  a d  i n  these two t h e  t r ansp lan ted  tumors d id  not take, 
A l l  of t h e  i r r a d i a t e d  animals had well developed tumors at t h e  time of' i r rad i t i t ion .  
The r e s u l t s  furn ish  an i nd ica t ion ,  however, as t o  vikat could be accomplished if 
be t t e r  techniques of l o c a l i z a t i o n  of tumors and more knowledge of t h e  dosimetry 
were ava i l ab le ,  They show tha t  s e l e c t i v e  deposi t ion of large doses of r a d i a t i o n  
is  q u i t e  poss ib l s  deep i n  t he  animal body, by judicious u s e  of accelerated light 
nuclei .  These preliminary r e s u i t s  would seem t o  e s t a b l i s h  f o r  t h e  first -bine the  
fac t  that  unlike X-rays: i t  is  poss ib l e  t o  pass  deuterons through t h e  animzl body 
and exert a l e t h a l  e f f e c t  GO a t i s s u e  x i t h o u t  i r r e v s r s i b i y  damaging t h e  normal 
t i s s u e s  through which t h e  beam passes i n  o rde r  t o  reach t h e  t , issue t o  be destroyed. 
This r a t i o  of g r e a t e r  biclogiLa1 e f f e c t  i n  t h e  depths compared t o  t h e  su r face  dose 
is present because of t h e  nature  of t h e  ion iza t ing  mechanism, The r e l a t i o n s h i p  
between su r face  and depth dose f o r  thsse  high speed deutercns is much more favor- 
able toward a r e l a t i v e l y  g r z a t s r  d e p t h  dose f o r  deuterons t h a n  high speed beta 
rays from a be ta t ron  z ~ d  x e  felt t hese  known physical f a c t s  should be demonstrated 
and e s t ab l i shed  s n  a 1fT:ing aoirr.al, 

O f  f o r t y  c o n t r o l s  only 
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Chromosomal Derangements Caused by Deuteron and Alpha P a r t i c l e  Beams. 
Urs. Norman H. Gi les  from t h e  Biology Laboratory at Oak Ridge spent several. weeks 
i n  Berkeley carrying out experiments on t h e  chromosomes of t r a d e s c a n t i a  pol len in 
assoc ia t ion  wi th  t h e  Domer group. The aim of t h e s e  experiments was t o  evaluate  
t h e  r e l a t i v e  b i o l o g i c a l  e f fec t iveness  of port ions of t h e  beam with high s p e c i f i c  
ion iza t ion  vs. port ions with low spec i f i c  ionizat ion.  The high spec i f i c  i o n i z a t i o n  
proved t o  be much more e f f e c t i v e  i n  producing chromatid and chromosome e f f e c t s  t h a n  
low s p e c i f i c  ion iza t ion  in apparent agreement with previous work done with neutrons,  
gamma rays and X-rays. 

D r .  and 

A d e t a i l e d  report  will fol low at a la te r  time. 

Acknowledmments: The authors wish t o  thank Professor  E. 0. Lawrence, D r .  Robert 
Thornton of the  Radiation Laboratory, f o r  t h e i r  i n t e r e s t  in t h i s  problem, and 
Mr* James Vale and the  Cyclotron crew f o r  t h e i r  kind cooperation. 
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b!marg Carcinoma of Mice, Yale Journal of Biology and Medicine, V. 10, #2, 
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E f f e c t s  of Neutrons and X-Rays on Three Tumors I r r a d i a t e d  i n  Vi t ro ,  
Proceedings of t he  Society for Experimental Biology & Yed., 1941, - 48, 251-256. 
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I 

Tissue Wall 
Chamber Cali- 
brated U s i n g  
/ rays of Ra. 

No. Dose in r 

A 51.2 

A 45.4 

A 27.4 

A 27.6 

B 47.6 

B 42.4 

B 55 

C 78.7 

C 27.6 

I1 II/I 

Extrapolation Ratio of NUmerical 
Charnber Based on 
Measurement of 
Charge Collected. 

Values of Dose 

Dose i n  d* 

50.8 

44.5 

28.8 

31.2 

46.4 

43.5 

52 

77 .O 

31.2 

Average r a t i o  

Standard deviation 

0.995 

0.940 

1.05 

1.13 

0.975 

1.03 

0.94 

0.950 

1.13 

1.02 

0.06 

* For definition of the  d see footnote, p. 6. 

1 1  3 4 9 3 R  
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TABLE I1 

RESULTS OF DEUTERON IRRADIATION OF ldAMlWE 
CARCINOMA I N  "A" MICE 

TRE BODY OF THE EICE SEIELDED AN) THE !ITRJOR EXPOSED 

Dose No. of Animals Percent Recovered 
Permanently with 
Complete Regres- 
s ion  of Tumors 

Death Apparently 
Due t o  Growth of 
Tumors 

Percent Died 
Due t o  Radia- 
tion Effec t s  

7 
100% ' 0% Controls- 20 

no dose 
6-75 

0% 

5% 

17% 

6% 

100% 1,000 d 5 

52.6% 2,000 d 19 42 % 

50% 3,000 d 

4,000 d 

la 33 P 
43.8% 19 

TubloR EXPos3) THROUGH THX BODY OF THZ 
U C E  IN THE MANNER DESCRIBED I N  

!rEz!r 

20 

20 

2,800 2 

3,500 d 

*For d e f i n i t i o n  of t h e  d see footnote  p. 6. 
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.the electrodes and the size of electrode areas may be changed. 

The d i s t a n c e  of 
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@ Y  

b.’ 1 .  

Rate of t h e  Retardat ion i n  t h e  Appearance ~ j h s ’ % ~ ’ ~ ~  :. . .. 
I n  t h e  C i rcu la t ing  Hemoglobin of Ra+s R n l  

I r r a d i a t i o n  with 180 Kv X-rays a t  Var 

Rex L. Huff and Thomas G. Hennessy 

Twenty f i v e  female rats weighing from 180 t o  210 grams were divided i n t o  
f i v e  groups and given 5, 25, 125, 250 and 0 roentgens t o t a l  body rad ia t ion .  
Measurement of t h e  r a d i a t i o n  w a s  with a Victoreen Ion iza t ion  Chamber and a l u c i t e  
phantom approximating t h e  s i z e  of a rat. One day following r a d i a t i o n  each of t h e  
rats w a s  given intravenously -002 mill igrams of i r o n  59 as f e r r i c  ch lor ide  buf- 
f e r e d  wi th  sodium c i t r a t e  having a s p e c i f i c  a c t i v i t y  of 1 x 
i n t e r v a l s  t h e r e a f t e r  one half ml. of blood was drawn from each of t h e  rats by 
card iac  puncture, and analyzed f o r  i ts  i ron  59 content.  
values  p e r  m i l l i l i t e r  of packed red c e l l s  from t h e  var ious  groups of f i v e  animals 
at t h e  spec i f i ed  time periods.  

At  r egu la r  

Following is t h e  averaged 

0 

TABLE I 

Counts pe r  Minute pe r  Mil l i l i ter  Packed Red Blood Cells 

Roentgens Days Following Administration of FeS9 

1 2 3 5 0 12 

- - 0 - - To be Reported 

5 936 1346 1652 1527 1421 1424 

25 568 965 1265 1387 1554 1577 

125 227 395 672 668 97 5 97 5 

250 26 6 160 206 385 561 635 

It is r ead i ly  seen from Table I t h a t  t he re  is an inverse r e l a t i o n s h i p  
between t h e  amount of t o t a l  body r a d i a t i o n  given a rat and t h e  rate at which 
r ad io  iron appears i n  t h e  pe r iphe ra l  r e d  c e l l s .  
t o  hold for t h e  percent of t h e  t o t a l  dose which is incorporated i n  r e d  c e l l s  for 
t h e  twelve day period of observation. 

This  r e l a t i o n s h i p  a l s o  appears 

To c a l c u l a t e  t h e  t o t a l  amount of r ad io  i r o n  which has  been incorporated 
i n  t h e  r ed  c e l l s  the  t o t a l  red  c e l l  mass must be known. 
c e l l  mass has been determined i n  t h i s  spec ie s  of rat  wi th  both the i r o n  and 
phosphorous tagged c e l l  method. 
t h e  blood volume c o n s t i t u t e s  approximately 4.345 of t h e  body weight. 
is a graph showing t h e  percent of administered dose in  r ed  c e l l s  ca lcu la ted  on t h e  
b a s i s  t h a t  4.345 of body weight is blood volume aga ins t  increas ing  per iods of time 

In t h i s  labora tory  red 

The da ta  fram these  determinat ions ind ica t e  t h a t  
Following 
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THE PERCENT OF Fe5’ ADMINISTERED APPEARING IN 
RAT ERYTHROCYTES FOLLOWING RADIATION WITH 
180KV X -RAYS. 

TOTAL BODY RADIATION: 2 5 0  ROENTGENS - - - 
I 2 5  ROENTGENS 
2 5  ROENTGENS 

5 ROENTGENS - -- -- ----- 
EACH POINT REPRESENTS AVERAGE VALUES FROM FIVE RATS 

5 0  

d 
I 

I 
I 

f 
/ 

/ 

12 
0 
0 2 4 6 8 10 

DAYS FOLLOWING ADMINISTRATION Fe5’ 
DAYS FOLLOWING RADIATION PLUS ONE 



UCRL 193 

-32- 

I11 BIOLOGICAL EE'FECTS OF SOURCES 

Robert S, Stone, - i n  charge 

P ro jec t  48C 

Universi ty  of Ca l i fo rn ia  Medical School 

S t  at ement of  t h e  Program 

R. S. Stone 

As has been s t a t e d  before ,  t h e  A r t h r i t i c  C l in i c  of t h e  Univers i ty  of 
Ca l i fo rn ia  Hospi ta l ,  composed of physicians from t h e  Medical, Orthopedic and 
Radiological  Divisions,  became in t e re s t ed  some years  ago i n  t he  e f f e c t s  of t o t a l  
body i r r a d i a t i o n  on chronic  a r t h r i t i c s  
spondyl i t i s .  
by physicians having no connection whatever with t h e  Atomic Energy Commission, 
and t h e i r  treatment and follow-up i s  given by physicians in  t h e i r  c a p a c i t i e s  
as members of t h e  s t a f f  of t h e  Universi ty  of Cal i forn ia .  
por t ion  of t h e  Radiation Laboratory, has taken  advantage of t h e  f a c t  t h a t  these 
p a t i e n t s  were being t r e a t e d  i n  t h i s  manner t o  study t h e  e f f e c t s  of t o t a l  body 
i r r a d i a t i o n  on the  blood 

p a r t i c u l a r l y  those  with ankylosing 
Such p a t i e n t s  a r e  the re fo re  se l ec t ed  f o r  t h i s  type of treatment 

P ro jec t  48-C, a h o s p i t a l  

From t h e  incept ion of t h e  program i n  1942 u n t i l  October 1946, t h e  p a t i e n t s  
were t r e a t e d  by exposure of  t h e i r  whole bodies t o  x-rays of var ious  energies  from 
100 t o  1000 kv. 
of rad ia t ion ,  being given intravenously,  and it has been used exc lus ive ly  s ince  
t h a t  time. 
ment on May 24, 1948. 

S t a r t i n g  i n  December 1946 radiophosphorus was used as t h e  source 

The last pa t i en t  t o  be t reated i n  t h i s  group received h e r  f i n a l  treat- 

The treatment of a r t h r i t i c  p a t i e n t s  with x-ray has  been going on f o r  many 

The first t rea tments  of t h i s  type a t  
years. The treatment of a l a r g e  p o d i o n  of t h e  body for a r t h r i t i s  was s t a r t e d  
about 1920 by S. Gilber t  Scot t  i n  England. 
the  Universi ty  of Ca l i fo rn ia  H o s z i t a l  were given i n  1942. I n  1944 Doctor Hans 
Waine, an i n t e r n i s t  w i t h  a p a r t i c u l a r  i n t e r e s t  i n  a r t h r i t i c s ,  began r e f e r r i n g  
p a t i e n t s  t o  Doctor Low-Beer t o  study t h e  e f f e c t s  of PS2 on t h i s  i ncapac i t a t ing  
disease.  The first p a t i e n t s  t r e a t e d  were not s tud ied  as t o  t h e  e f f e c t s  on the 
blood for t h e  Atomic Energy Commission. 
of t h e  Univers i ty  of Cal i forn ia ,  but p r iva t e  p a t i e n t s  of Doctor Waine. It was 
only a f t e r  t h i s  type of therapy had been u t i l i z e d  on these  p a t i e n t s  tha t  it 
occurred t o  u s  t h a t  they  would be an exce l l en t  group on whom t o  s tudy  t h e  
hematological changes. Consequently p a t i e n t s  t r ea t ed  s ince  t h a t  time, e i t h e r  
p r iva t e  o r  c l i n i c  have had blood s t u d i e s  made under t h e  auspices  of t he  Atomic 
Energy p ro jec t .  
a r t h r i t i s  a r e  s t i l l  continuing t o  send us 

these  p a t i e n t s  i n  our c a p a c i t i e s  as s t a f f  members of  t h e  Universi ty  Hospi ta l  
and p r iva t e  physicians,  and hope t h a t  t h e  Atomic Energy pro jec t  w i l l  not object 
t o  t h i s  exce l len t  ma te r i a l  being u t i l i z e d .  

These p a t i e n t s  were not  c l i n i c  p a t i e n t s  

The A r t h r i t i c  Cl in ic  and t h e  p r iva t e  physicians concerned with 
a t i e n t s  for t reatment  wi th  t o t a l  body 

We intend t o  continue t r e a t i n g  i r r a d i a t i o n ,  l o c a l  x-ray i r r a d i a t i o n  and P 32 

P a t i e n t s  w i t h  d iseases  of t h e  thyro id  repor t  t o  t h e  Thyroid Cl in ic  of t h e  
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Univers i ty  of Cal i forn ia  Out-Pat i en t  Department o r  t o  the var ious  p r iva t e  
physicians on t h e  h o s p i t a l  staff who are i n t e re s t ed  i n  thyroid disease.  From 
t hese  sources they are re fe r r ed  t o  t h e  Radiological Division for s t u d i e s  w i t h  
rad ioac t ive  iodine. The var ious s t u d i e s  ca r r i ed  out are reported from t i m e  t o  
time i n  these  repor t s .  
s t u d i e s  on t h e  p a t i e n t s  being s o  treated, but t o  date var ious f a c t o r s  including 
l ack  of enough funds t o  employ e x t r a  technic ians  and consul tant  hematologists 
has kept us  from doing t h i s  work. 
p a t i e n t s  would be very valuable t o  t h e  Atomic Energy Commission program. 

We had hoped t o  do more blood s t u d i e s  as w e l l  as metabolic 

We consider  t h a t  s tud ie s  of the blood on t hese  
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Hematological E f f e c t s  o f  Total  BoCy I r r a d i a t i o n  

B.V. Low-Beer 

X-Ray. 
x-rays applied t o  t h e  e n t i r e  body f o r  t he  d isease  from which t h e y  were s u f f e r i n g  
are s t i l l  continuing t o  be followed by means of blood counts. 
cance has been found i n  t h e  present period, 
t i o n  t o  two items. 

Nine of t h e  32 p a t i e n t s  who were t r e a t e d  p r i o r  t o  October 1946 wi th  

L i t t l e  of s i g n i f i -  
but we would l i k e  t o  c a l l  a t t e n -  

In t h e  first place,  it is s ign i f i can t  t h a t  the t h r e e  p a t i e n t s  who were 
treat 'ed wi th  100 icv x-rays have not shown any changes which we could de tec t  e i ther  
during o r  s ince  the  completion of t h e i r  treatment.  
day t o  a t o t a l  of 300 r and t h e  t h i r d  received 20 r per  day t o  a t o t a l  of 300 r. 

Two of them received 10 r per  

Second, it had seemed t h a t  t he  lobe index of p a t i e n t s  who had had treatment5 
a considerable time ago, was continuing t o  fall and t h i s  was a cause of some worry. 
It now appears t h a t  by current  techniques and technic ians  t h e  lobe ind ices  of new 
p a t i e n t s  before any treatment i s  given are a t  roughly the  same l e v e l  as t h e  lobe 
indices  of those p a t i e n t s  who were t r e a t e d  some years  ago. It would thus seem as 
if the re  is  e i t h e r  a t e c h n i c a l  v a r i a t i o n  i n  the  way t h e  counts were done o r  an 
a c t u a l  change i n  t h e  lobe ind ices  of' t h e  people coming t o  our c l i n i c .  This 
ma t t e r  is being given f u r t h e r  t e c h n i c a l  and s t a t i s t i c a l  ana lys i s ,  but in view of 
the  current f ind ings  it would seem t o  be  conneebed with same o ther  f a c t o r  than 
t h e  i r r a d i a t i o n  of t h e  pa t ien t  

I n s o f a r  as poss ib le ,  t he  pa t i en t s  who were i r r a d i a t e d  with x-rays are 
bs ing  kept under continuing observation, 

Radiophosphorus. 
t r e a t e d  wi th  Ps2. Eighteen of these are sti l l  being followed. 
period of  observation being 605 days and t h e  shor tes t  106. 

Blood s tud ie s  were s t a r t e d  on 22 p a t i e n t s  who were being 
The longest 

In the  previous report  (UCRL-98) we stated t h a t  the  P32 used was ca r r i e r -  
We were and s t i l l  are using t h e  P32 supplied from Oak Ridge which w e  now free. 

bel ieve t o  contain a p p r o x b a t e l y  5 mg of inert phosphate per  m i l l i l i t r e ,  

Table I shows the  amounts of P32 given t o  the  p a t i e n t s  and the  i n t e r v a l s  
between doses. 

received 8000 microcuries,  
e f f e c t  on t h e  t o t a l  white c e l l  count, t he  neut rophi l ic  granulocyte count and 
lymphocyte count, 
p l a t e l e t  and erythrocyte  counts and the  hemoglobin concentration. 

The p a t i e n t s  can be divided i n t o  two grou s, since 9 of them 
received t o t a l s  of between 6000 and 7000 microcuries of $2 , and 12  p a t i e n t s  

P r a c t i c a l l y  a l l  of these p a t i e n t s  have shown some 

Some of the  p a t i e n t s  had r a t h e r  d e f i n i t e  changes i n  t h e  

The loba t ion  ind ices  of t h e s e  p a t i e n t s  has changed, but a s  was mentioned 
above i n  connection wi th  t h e  s tud ie s  on pa t i en t s  who were t r e a t e d  wi th  x-rays, 
t h e  change of technic ians  and possibly some o ther  f a c t o r s  have apparent ly  had 
a g r e a t e r  e f f e c t  on t h e  lobat ion index than the rad ia t ion .  This  point  is being 
invest igated f u r t h e r  

1 1  1 4 9 5 b  
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Calculat ions a r e  being made of t he  dosage rate i n  r ep  per  day and of 
t he  t o t a l  dose fron; t h e  be ta  rays  of t he  P320 
t h a t  a pat ien t  who has had a t o t a l  of 6000 microcuries of P32 in jec ted  i n  a 
period of 14 davs, rece ives  a t o t a l  of 57 rep  a t  d a i l y  rates not exceeding 2.5 
rep. 
of 57 reontgens of 200 kv x-rays given a t  the same r a t e  o r  even as one s ing le  dose 
t h a t  it is d i f f i c u l t  t o  conceive of a s a t i s f a c t o r y  c o r r e l a t i o n  between dosage from 
internal emi t te rs  and ex terna l  s o u ~ c e s ~  This  mat ter  w i l l  be discussed more f u l l y  
i n  our next repor t ,  

The present ind ica t ions  are 

The changes observed are so much g r e a t e r  t h a n  one would expect from a dose 

The e x p e r b e n t a l  treatment of a r t h r i t i c  pa t i en t s  with P32 was started in 
1944 by H a n s  Waine and B.TT.A, Low-Beer, Such treatment was based on t h e  f a c t  t h a t  
t he  a r t h r i t i c  l e s i o n s  and p a r t i c u l a r l y  those associated wi th  rheumatoid a r t h r i t i s ,  
are character ized by inflammatory hyperplasia  and increased v a s c u l a r i t y  of con- 
nect ive t i s s u e .  
matory t i s s u e  takes  up a much l a r g e r  proport ion of P32 than normal tissues., X-ray 
treatment t o  l a rge  p a r t s  of t h e  body was advocated by S. G. Scot t  as a means of 
t r e a t i n g  t h i s  generalized d isease  process. On t h e o r e t i c a l  grounds, it appeared 
j u s t i f i a b l e  t h e r e f o r e  t o  t r e a t  with @2. Waine and Low-Beer s o  t r e a t e d  5 p a t i e n t s  
with per iphera l  rheumatoid arthritis, One showed marked improvement, subsidence 
of fever  and of l o c a l  a c t i v e  a r t h r i t i s ,  gain i n  weight and r e t u r n  of t h e  sedimenta- 
t i o n  rate t o  normal, One showed a temporary improvement with 1essened.pain and 
muscular s t i f f n e s s ,  coinciding with a decrease of sedimentation rate. 
mission lasted f o r  only 3 months. 
t i o n  of h e r  d i sease  following treatment.  
made f requent ly  during and a f fe r  treatment showed no l a s t i n g  untoward e f f e c t s  
from t h e  treatment. 
p a t i e n t s  experbnen3ally wi th  P3Z1 s ince  the  marked r e l i e f  of  even one pa t i en t  in 
five is a g rea t  accomplishment i n  this disease,  

E c p e r h e n t a l  s tud ie s  by Doctor Lm-Beer have shown t h a t  in f l am-  

The re- 
Two showed no change, and one had an exacerba- 

Hematological examinations which were 

This experierrce encouraged u s  t o  continue t o  t r e a t  a r t h r i t i c  

e 

E t  1495'1 
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Iv IlEALTH CHEBlISTRY AND PHYSICS 

Health Chemistry 

N. B. Garden 

Personnel Bdonitoring i n  Areas Containina R a d i o a c t i n  Materials.  
summer quarter  t h e  monitoring requirements of the chemists i n  Bldgs, 4 and 5 w e r e  
p a r t i c u l a r l y  heavy. This was due t o  t h e  unusually la rge  nunber of t a r g e t  bombard- 
ments during t h i s  period, which amounted t o  approximately 180, Yith the inf lux of 
many new chemists unfamilier w i t h  techniques of handling rad iosc t iv i tg ,  it has bee! 
necessary t o  give more a t t e n t i o n  t o  t h e  individual. A small handbook on t h e  
services  and equipment ava i lab le  from t h e  Health Chemistry Section is  being pre- 
pared, which w i l l  include basic  points  i n  techniques of h a d l i n g  radioact ive 
mater ia ls ,  
f i e l d  i s  new and it is hoped t h a t  it w i l l  assist i n  preventing health hazards and 
t echnica l  contamination. 

Daring t h s  

This should prove of p a r t i c u l a r  benefi t  t o  psrsonnel t o  whom t h i s  

Tests have been made with "band-aid" -type f inger  rings. wherein t h e  f i l m  
is  wrapped around t h e  f i n g e r  and held with a type of Scotch tape,  
t h i s  w i l l  more accurately determine t h e  r a d i a t i o n  received on the  hands and w i l l  
supplement t h e  information given by t h e  regular  f i l m  badges. 

The use of 

An improved vent i la ted  glove f o r  hot weather or f o r  Sofig periods of wearing 
has teen used successfully.  

Tramportat ion,  Disposal, Decontamination, Salvage. 
get work, mentioned above, t h e  demand on t h e  radioactive mater ia ls  t ranspor ta t ion  
gro3p was very grea t ,  involving around-the-clock a c t i v i t i e s  almost dai ly ,  An 
improved j i g  f o r  more e f f i c i e n t  and safe removal of  the  t a r g e t s  from t h e  cyclotron 
probe i s  being developed. 

With t h e  advent of heavy tar- 

Ten gloved boxes and many centrif'uges have been decontaminated successful ly  
A decontamination chamber, now i n  mock-up s tage,  i s  being devel.oped; among i ts  pro 
posed fea tures  w i l l  be a motorized e l e c t r i c  do l ly  and a .sump f o r  decontaminating 
by e lec t ro lys i s .  The l a t t e r  process has been t r i e d  on a small s c a l e  and appears 
t o  be extremely promising f o r  t h e  decontamination of c e r t a i n  types of objects ,  

Approximately 26 cement-packed, radioact ive waste-contaming drums and 6 
t o  8 packages per month were disposed of a t  sea. 

Research and Development. 
i n g  t h i s  period are l i s t e d  below: 

The main pro jec ts  under developmect or  completed dur- 

1. The controlled atmosphere a r c  f o r  spectroanalysis  of radioact ive mater ia ls  by 
D r .  Conway was completed and tested. 

2,  
l a t e s t  techniques of chemically separating plutonium and hexom 8s developed i n  
Chicago 

Cow and spinner column developments were held inact ive pending rece ip t  of t h e  
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3. 
devalopment o f  some of i t s  accessories .  

d decontmina t ion  chamber was developed t o  t h e  mock-up s tage ,  plus  t he  

4, A s t r i p  coat ing study was c a r r i e d  out on 26 products; s ix  a r e  being f u r t h e r  
s tud ied  f o r  aging t e s t s ,  two of which seem highly s a t i s f a c t o r y  for t h e  purposes 
t o  which they w i l l  be put. 
boxes, hoods, and o thar  equipment used i n  radiochemical area. Preliminary coat ings 
have g r e a t l y  f a c i l i t e t e d  dismantling and wrecking jobs i n  contaminated area.  

Numerous s t r ip-coa t ing  jobs have been done on gloved 

5. Lany gloved boxes have been assembled, i n  a d d i t i o n  t o  the boxes sent  t o  Los 
Alamos, for l o c a l  use and one each for t h e  New York City Golden Jubi lee  Exhib i t  
and f o r  Ranford. 

6,  
veloped and b u i l t ,  

Cons tmt  temperature ba ths  f o r  gloved boxes f o r  microchemical work were de- 

7. H s p e c i a l l y  equipped box f o r  Dr. Gofman for processing yttrium and s t ront ium 
with minimum exposure has been almost completed. 

8. The Webb 60-inch cyclotron t a r g e t  assembly f o r  the S. G. Thompson i n t e r c e p t e r  
run was completed and made ready f o r  t r i a l  runs. 

9. 
wi th  o t h e r  panels,  was designed and is  under construction. 

A por tab le  l- inch lead manipulator panel, t o  be used by i t s e l f  or i n  connection 

10, A t a r g e t  assembly for the  60-inch cyclotron f o r  bombardment of r e c o i l  samples 
is  under construction. 

11, A continuous a i r  sampler wi th  alarm counter for alpha-contaminated a i r  is 
t e l a  b u i l t  
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Health Physics 

B.J. Moyer 

Sum-ey cf F ~ s z  Neutrr8.r F i e l d  Outside 184" Cyclotron Shieldine;, 
progress i n  rh6 erckaat lon o f  t he  fast  neutron component of t h e  r o 3 i d i o r .  f i e l d  
outside tkls 124 ir.ch cyclotron shielding,  

A s t i l iy  is i n  

As G first z:;;:,roaeh t o  t h s  problem, msasurercents were mads wi th  en argcn- 
CO2-fiile3, brass Frozofiional counter i i c d  with 1/16" of p c i y e t h J l m s ,  
3iscriimiz:sr VYS ses; tC: r e j e c t  proton r e c o i l  pulses  beiow eboct 0,.1 m s r , ,  and 
t h i s  effe:Tlvei:r el irrinated contr ibut ions f r o m  secondary e l e c t r s n s  d u ~  t o y - r a y s  
ir, a znrxLber gf t h e  dic,ensions used, 

The 

DIJ? z; i nc re s s ing  th i ckness  of polyethylene e f f e S l 7 e  as t k e  neutron 
ecer.g;!i incrsasez,  and &le a l s o  t o  the  desreaee of t h e  n-p c r o s s  s e c t i c n ,  the  
effi1;iency of s ~ c h  a r m n t e r  i s  roughly p rcpmt iona l  t o  n e u t r m  efisrgy between 
0.; azci 1C ::e\-' 
m w  range of TC :ii prc t ansa  Ccnsequently, t h e  counter  measuree a q u a n t i t y  roughly 
prc;xTlmz. i  f ;  the ;\ro?lxt of neutl-on flu LY~. energy, mC! the i n t a y 2 r e t a t i c n  of 
t h e  flu is JJpx!dent upon assumed mean energy? 
yiel5- an3 of zpprxx. ; te ly  known energy d i s t r i b u t i o n  a n m r i c a ,  v a u e  could be 
~ O X L ? ~  f a r  tf-e effic:enqy, 

h ~ e 7 ; s  1C nev. t h e  polyethylene th i ckness  i s  less  s l i m  the  m a x i -  

Using a i e u t r o n  s o u x e  of kncrvm 

A c;iezi2ence countin2 system, w i t h  e tl;i.n, ad jus t ab le  w a l l  be tmen  t h e  
xu+:I;C: u o l i ~ m s  which &re i n  coincidence, is wider c o n s t m c t i o n ,  
d1s-c: Un e s t i n i t e  c;f t h e  energy d i s t r i b u t i o n  of t h e  neutrons outside t h e  shield-  
&- -3. LS a f u x t i o n  of depth v i t h i n  th.;! shield mate r i a l .  

Ti i i3  aay 

S l w  Eeutron 1-eazurerenfs,  Using the  inproved slow neutron s tandcrdlznsion 
equipnent, whiih V J ~ S  involved i n  t h e  measurements reported last quarter on the  
slc?: nectron fllix wizhin t h e  sh i e ld ing  ma te r i a l ,  a r e c a l i b r a t i o n  cf %he neatron 
pocket dosimaters is i n  progress.  Considering 2GOO slori neutrons/c.m& sec  t o  be 
a tolerancis f l u x  m e r  8 hours, t h e  t y p i c a l  pocket. chanber gives  f r o x  one t o  two 
d c i i y  dcses per hi1 s c z l e  de f l ec t ion  when using a p a m l c u l a r  prc jec-tloc-type 
minometer assig-"ied t 3  t h i s  work, 

A bslzLcsd-chmber electrometer ,  utilizing one chaabsr f i l l23  v:i+,h enriched 
BT3 and t he  2ther f i l l e d  wi th  argon has beeo constructed an9 c a l i b r a t e d ,  
sla; ceutrcn flzbx it in i l i ce t e s  f o r  t h e  Eenei'el b u l l d i w  f l o o r  area is 50 to 100 
n a u ? ' ~ ~ ~ ~ s ' c r , ~ s - - c  T b l s  i s  t o  b e  compared ,E: i~h 5 v r l u e  of 60-70 dsterrc.irw3 by pre- 
 vi:,^: w3rk ~vn+I- irdiuir  f ? i l s ,  
which a re  i:diting on ?lie f l o o r  f o r  u se  on t h e  s h i e l d i n c  r o d ,  :aiise v8 r i c t ions  i n  
t h e  ~ ~ 1 ~ 6 2  i r  ' I :Chilt ies involved, 

The 

Chmges 11; ? ispos i tLon 5f la-@ blocks of concrete,  
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Studies  o f  Film Dosioatry. 
photographic dosimetry r e s u l t s ,  i n  which f i l m  blackening may be due t o  r a d i a t i o n s  
of widely varying energies ,  a study of t he  dosage response vs,  quantum energy has 
been begun. 

in order t o  give a b e t t e r  understandin& of our 

Resul ts  a r e  not yet ready f o r  publ icat ion.  

S t a t i s t i c a l  Summary of Personnel hionitoring Service Provided.. 

A. Survey Instruments Uaintained 

28 
19 
6 
2 
10 

1. p-VIon iza t ion  Chambers 
2. Victoreen 263 Meters 
3. I.D.L. Portable  Survey Meters 
4. Cutie P i e s  
5 .  Recordingf-Intensity hieters 

B. Personnel Le ters  in Use 

Number of people covered wi th  f i l m  badges 600 
Total  man days coverage w i t h  pocket chambers 818 
Total  man days coverage w i t h  pocket dosimeters 1164 
Totel  man days coverage w i t h  pocket 1067 

chambers, s.n 
C. Cases of Above Weekly Tolerance Dosage 

1. 184 inch a r e a  
2. Linear Accelerator Area 
3. 60 inch a r e a  

4* 
0 
0 

* These people are chemists and received t h e i r  exposures 
working on radioact ive samples. 
respec t ive ly  as follows: 

The exposures are 

1.6 x weekly to le rance  dose 
1.5 x weekly to le rance  dose 
1.2 x weekly tolerance dose 
7.0 x weekly tolerance dose 

L?dB/Inf ormation Division 
November 10, 1948 



NORTH DOOR 

N 

I 

. 
SOUTH DOOR 

FIG. I 

L SURVEY OF FAST NEUTRONS OUTSIDE OF CYCLOTRON SHIELDING 
. 

FOR A BEAM STRENGTH OF I r OIV "' Be. TARGET @ 81" RADIUS 

INTENSITIES IN NEUTRONS /cm*sec. (ASSUMED ENERGY I MEV I AT 
SHOULDER HEIGHT 


	Radioautographic Studies
	Tracer Studies
	Decontamination and Bone Metabolism Studies
	Methsd of Preparing Anthracene Crystals

