
_..  . . 

CALIF - 0 RNIA 
2. 

c 



__ . . 

U N I V E R S I T Y  OF C A L I F O R N I A  
R a d i a t i o n  Labora to ry  

Berke ley  , C a l i  f o r n i  a 

NOV 3 f954 

N O T I C E  OF DECLASSIFICATION 

TO: E. 0. Lawrence 

Classification of report U r n -  98 has been cancelled by authority 
of the United States Atomic Energy Carmission - _ .  

Date 

According t o  our records you have copy 1. 
611 you kindly cancel the classification markings and the Restricted Data 

or Warning statements in  accordance with your local rules for marking declassified 
documents. 

R. K. Iakerling 
Technical Information Division 



UNITED STATKS 
ATOMIC ENERGY COMMISSION 

__- erbr  BtH)rc 

z1 .149 ,Bldg .  50 

1 1 1 5 0 1 8  



, .  
I 

I 

i 
I 

1 

4 

t 

I 
-I_ 

I 

/ 

I 

- -  
(SIGNATURE OF ORIGINATOR OR ClAssinlNG AUTHONPI) 

I 
1 

UNITEFSITY OF CJ.1 IFORNIA 
RX!IATI9I$ L A B 3  9TORY. 

__. 

- 

# Cover Sheet IKDFX YO. yf 
Do not renove Thi8 dccwnent c o n t a i n s p a g e s  

m d D l a t e s  of figures. 
This is c o p y m f a  S e r i e s &  DEC' ~ $ 7 :  ED k N 3 b J . r  t 

I 1 ! 

1 I 

1 
I I 

I 

I I t 
I 

- -. 
Class i f i ca t ion  

Fach person who received this document mst sign the cover sheet  i n  the 
space below. 

\ 



UCRL-38 

REPORT PROPERLY Df CLASSIFIED 

1 

c 

. 

UIZVERSITY OF CALIFORYU 

Radiation Laboratory 

“Contract Noe W-74O5-Eng0-48 

! 

I 

QJA.RTF&Y REPORT JIL’XJARY, F E B R W Y  l ’ M C E  1916 . 

8-[s-- 79 
Authorized Derivative Chwifiet ’ D8te 

‘ b y  24, 1948 

Berkeley, C a l i f n r r i c .  

‘ 



, -  
I , $ ,  . r  

STANDARD DISTRIBUTION: Se r i e s  A 
1' 

42- ucBE-88 

Health & Biology-General 

Argonne National Laboratory 
b e d  Forces Special'WTeapons Pro jec t  
Atomic Energy Commission, Xashington 
Battelle Memorial I n s t i t u t e  
Brookhaven National Laboratory 
Carbide & Carbon Chemicals Corporation (K-25 Area) 
Carbide & Carbon Chemicals Coporation (Y-12 Area) 
Columbia University ( F a i l l a )  
GenerGl E l e c t r i c  Company 
Hanford Directed Operations 
Iowa S t a t e  College 
Kellex Corporation 
Los Alamos 
Massachusetts I n s t i t u t e  of Technology 
Monsanto Chemical Company, Dayton 
ISationzl Bureau o f  Stapdards 
IJaval Radiation Laboratory 
NEPA 
N e w  York Directed Operations 
Oak Ridge Bat ional  Laboratory 
Patent  Advisor, 'iiashington 
Technical Information Division, ORDO 
UCLA IJedical Research labora tory  (Karren) 
Universi ty  o f  Bochester 
Ves tern Reserve University (F r i ede l l  ) 
' h ive r s  it;? of C a l i f o r n i a  Radiation Laboratory 

Information Divsion 
E. 0, Lawrence 
Paten t  Department 
J. G o  i h l l t o n  
J, H, Lawrence 
R. L, Dobson 
Ne Garden 
R. S, Stone 

. 

-_ t 1 1 5 0 2  I 

Copy Numbers 

1-10 
11 
12-13 
14 
15-22 
23-2 6 
2 7-30 
3 1  
32-35 
3 6-42 
43 
44-45 
46-48 
49 
50-51 
52 
53 
54 
55-57 
58-69 
70 . 
71-85 
86 
87-88 
99-92 

93-95 
96 
97 
98 
99 
100 
10 1 
102 

Informition Division 
Radiation I a b o r a b r y  
Lkiversity of Cnlffornia  
Berkeley, Cal i forn ia  



UCBL 98 

. 
1 

TABLE OF COLTEXTS 

I THE METAROLIC PRO?ERTIES OF PLUTOlJIUM AND ALLIED BSITERIAZS 

Radioautographic S tudies  
Tracer Studies  
Decontamination and Bone Metabolism Studies  
Rad i o  -Chekical I s o l a t i o n  

' I1 BIOLOGICAL STUDIES OF RADL1TION EFFECTS 

The Radioloyical U s e  o f  High Energy Deuteron Beams 
Analysis o f  Xicro-Composition of  Biological  Tissue 
by Hems of  Induced Radioac t iv i ty  

I11 BIOLOGICAL.EFFECTS OF RADIATIOIT F R O Y  7%l'ERP?AL A 2  II?XRUL 
S O U R C ~  

Hematologicnl Ef fec ts  of Total  Body I r r a d i a t i o n  From 
External nnd I!iternal Sources 

131 
Metabolisn ::!d Effects 02 Zadio-Iodine (I ) 

IV HEALTH PWS ICs A1.D CHEXISTRY 

Health Chemistry 
Eaal th  physics 

I I15022 

4 
5 

14 
2 0  

2 1  
31 

41 

46 

50 
51 



UCRL 98 

. 
I, THE ABTABOLIC PROPEXTIES OF AAl'!l!ONIUM 

AND ALLIED MATERIUS 

Je Ge Hamilton 

Project 4 8 8 4  

Radioautographic Studies 

Radioautographic studies of the long-lived fission products and the 
actinide elements are being continued. 

in adult rats have been obtained following the adequate ap;in,-, of the bone 
sedtions to permit the establishment of full equilibrium the actinium with its 
two long-lived decay products, notably radio-actinium (Th 8'7) and Ac(X) (R~I~'~),, 
At the same time, of course, the radioactive atoms of these two descendants of 
actinium which were present in the original solution injected into the animalso 
had fully decayed when the radioautographs were set up. 
pattern seen after 100 days of aging of the specimens is a true picture of the 
distribution of actinium in bone,, As might be predicted both on the basis of 

tion vas confined to the region of the osteoid matrix and in the immediate 
vicinity of the small blood vessels of the cortical boneo It will be recalled 
that this characteristic of deposition in the region of the snall blood vessels 
of the cortical bone has been observed with cerium, element 61, americium, and 
curium. 

Some excellent radioautographs of actinium 

Thus the radioautographic 

a 6imilarity of chemical properties and certain metabolic characteristics, deposi- 

Earlier and quite unsatisfactory radioautographic studies i:-ith zirconium 
(Zr95) were repeated using normal adult rats and the distribution of this rrdio- 
element in bone was observed to be esscntiallv indistinp5shable from thct foond 
with thorium and plutonium in tha- deposition WRS limited exclusively to the SUpek- 
ficial comings of the bone and the region of the trabeculae. Ykre i . ~  no dis- 
cernible degree of deposition about the small blood vessels of the cortical bone 
that has been seen in the group of five elements listed above., A number of quite 
satisfactory radioautographs of columbium (Cbg5) have been obtained and here the 
pattern appears to be very much like that of zirconium as well as thorium and 
plutonium. 
differently than these other radio-elements in that its deposition in bone is 
not prolonged as compared to yttrium, zirconium, the lanthanide rare earths, and 
all of the actinide series with the exception of uraniume Unfortunately, the 
relatively short half-life of this radio-isotope of colimbium does not m&e 
possible longterm studies to investigate possible changes of its distribution in 
the bone as this radio-element leaves the skeleton. 

This finding was not predicted inasmuch as columbium behaves rather 

: 

We have secured a sample of Eu1S4 of very high spscific activity which 
is to be employed to investigate the distribution of this radio-elenent in the 
skeleton by means of the radio-autoEranYc technique, At the same theD tne 
studies are now underway with yttrium (YSs) in order to secure some aatisf'actory 
distribution patterns of this substance in bone,, A preparation of Pa233 for 

\ radioautographic experiments is under way. 

I I 1 5 0 2 3  



W 
@ I 

0 

I 
5 
a. 
W 
I r 

s 
8' 
0 

n 

~ W 

n 

i 7 



1 

- 

U C R L  98 - 5- 

Tracer Studies  

. 

8 

Actinium, 
c ompT6lX d, t h e  samples hai ing been counted 113 and 126 days respec t ive ly  a f t e r  
t h e  sacrifice of t h e  animals, Table I. 
actinium and Ac(X) p resent  i n  the in j ec t ed  so lu t ions  of actinium a t  t h e  t ime of 
adminis t ra t ion t o  decay away and f o r  these  two radio-isotopes t o  grmr i n t o  f u l l  
equi l ibr ium from t h e  actinium i n  t h e  var ious t i s s u e s  and excreta ,  The s igni -  
f ican t  observations t o  be made a r e  that t h e  behavior of actinium following 
pa ren te ra l  adminis t ra t ion i s  e s s e n t i a l l y  t h e  same as t h a t  noted wi th  t h e  f o u r  
lanthanide rare ea r ths  studiec! t o  date,  namely, lanthanum, cerium, praseodymium, 
and element 61; and t h e  las t two members of t h e  a c t i n i d e  s e r i e s ,  americium and 
curium, These comon metabolic proper t ies  have a l s o  been demonstrated i n  t h e  
radio-eutographic s tud ie s  described i n  the preceding sect ions.  
t h e  d iges t ive  t r ac t  of actinium administered as a so lu t ion  of AcC13 was found t o  
be less than  ,01 percent of t h e  dose given. 

The 1 and 4 day intramuscular tracer s tud ie s  wi th  Ac227 have been 

T h i s  was done t o  permit t h e  radio- 

Absorption from 

Radio-Zirconium, Tke e a r l y  parentera l  s tud ie s  wi th  carrier-free radio-zirconium 
have been repeated i n  vimr of t he  r e l a t i v e l y  unsa t i s fac tory  r e s u l t s  obtained i n  
t h e  experiments done several years  ago, It w i l l  be seen t h a t  t h e  ske le ton  i s  the 
chief organ of accumulation both on a per gram and per  organ basis and that up 
t o  t h e  32 day i n t e r v a l ,  t he re  i s  r e l a t i v e l y  l i t t l e  l o s s  from t h a t  s t r u c t u r e o  In 
this p a r t i c u l a r  s e r i e s  of experiments t h e  c a r r i e r f r e e  preparat ion of Zr95 vms 
prepared w i t h  t h e  addi t ion  of a small amount of c i t r i c  ac id  i n  order  t o  keep the  
zirconium i n  so lu t ion ,  Table 11, 

Technetium, 
employed f o r  these  experiments m s  t h e  110 day period, as yet  no t  assigned and 
produced by the  deuteron transmutation of molybdenum, In  v i e w  of t h e  v o l a t i l e  
e h r a c t e r i s t i c c  of most technetium compounds, t h e  s h o r t  ha l f - l i f e ,  and the  soft 
e lec t ron  rad ia t ion ,  the samples were counted wet using t h e  g m  rays 8s an  ince r  
of’ t h e  quan t i ty  of t6chnetium present  and providing a f i l t e r  t o  c u t  ou t  c-11 of t h e  
electrons.  
experiments ere shmm i n  Tables I11 and IV. It w i l l  be seen t h a t  technet tun  is 
excreted rr i th  extraordinary speed, t h e  kidneys being t h e  chief  channel of excret ion 
end t h a t  most of t h e  excre t ion  i s  completed wi th in  t h e  f irst  24 hourso The kidnc: 
demonstrates t h e  highest  degree of concentrat ion i n  any of t h e  s o f t  t i s suesg  t h e  
one hiFh value noted a t  2 days i n  the  gas t ro - in t e s t ina l  t rzct  m s  probably due t o  
technetium i n  the  feces  present  i n  t h e  l a rge  i n t e s t i n e ,  
the  ma te r i a l  l a v e s  t h e  kidney w i t h  a f a i r  degree of r a p i d i t y  and the 4 day valve 
is  a p p o x i m t e l y  one-hdf  that on tlis 1 day valueo 
technetium i s  follovicd by t h e  absorp t icn  of thc s i g n i f i c a n t  f r a c t i o n  of t h i s  
radio-element. 
t he  f r a c t i o n  i n  t h e  ur ine,  an e s t i m t e  can be m d e  t h a t  something of t h e  order  
of 25 per c e n t  t o  50 per cent  of t he  administered dosc was absorbed by  m y  o f  
t he  d ipes t ive  tract .  

The t r a c e r  s tud ie s  w i t h  technetium have been ccn~pleted. The isotope 

The 1, 2,  and 4 day intramuscular s tud ie s  and t h e  4 day stom-ch tube 

It w i l l  ’De noted t h a t  

The o r a l  adminis t ra t ion of 

On the bas i s  of t h e  content  in t h e  l iver and kidney, as well a? 

Radio-Rubidium. Pre iminary t r a c e r  s tu6 ie s  wi th  carrier-lrce radio-mhid5w- have 
been undertaken. Rbi6 was %he i so to2e  emrjloyed and it ~ ~ a s  prepared by t h e  S r - d - 4  
reac t iono  The d i s t r i b u t i o n  of t h i s  radio-element a t  4 days and 1 6  days, f o l l m d n g  
intramuscular i n j e c t i o n  resembles q u i t e  c l o s e l y  the  behavior of cesium, 

-- 
I n  most 
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TABLS I 

TEE HEZBOLISM OF Ac227 IN THE RAT 1 A D  4 
DAY'S FOLLOWING THE IlpTRAMusCmdR ADMINISTBATION 
OF A SOLUTIO.t? OF h C l g  IN ISOTONIC SALINE; 

Tissue 

Heart 

Ltmgs 

Spleen 

Blood 

L5ver 

Ri dney 

I Adrenals 

Thyroid 

Lymph Gland 

Pancreas 

Brafn 

Fat 

Stomach 

Small Intestine 

Urge Intestine 

. Bone 

Muscle 

Skin 
8 

Urine 

. 

1 W Y  4 Days 

organ gram organ gram 

038 .53 e 16 . l8  

% per - % per % P+= P Pep 

e34 e 2 5  819 o 13 

009 e 1 9  rn 14 019 

1.34 . 09 14 001 

46 05 6.46 46,7 6058 

2,87 1.72 e 64 e 40 

4 0 1  4 5  d o l  d o  5 

041 e28 .l8 a 0 8  

l e 1 5  e2 2 083 .10 

1,09 2 5  82 0 11 

?,52 .O6 4040 o 03 

2 ,Z8 .O6 l e 7 7  006 
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, TABLE I1 
95 TBE METABOLISM IN DIE RAT OF CARRIER-FREE Z r  

1, 4, AND 32 DAYS FGUmNG TEE INTWJdXJSCW 
ADMINI.STRATIOI? OF A SOLUTION OF ZIRCONIUh! IF 

ISOTONIC ALINE 

Tissue 

Heart 

Lungs 

Spleen 

Blood 

Liver 

I Xi dney 

Mrenals 

Thyroid 

Pancreas 

Brain 

Fat  

G.1. 

Bone 

Muscle 

. Skin 

Testis 

Urine 

Feces 

a 

1 Dav 4 Days 
% Per 
organ - 

e 56 

1 e42 

e43 

18.2 

8,17 

2.14 

e16 

e06 

9097 

20.8 

1605 

1408 

1-83 

2 070 

2 e04 

Y 

P Per 
g.ram 

71 

e90 

e47 

1.46 

e 99 

1 e14 

e25 

e 04 

e15 

e85 

1 e39 

e 18 

e46 

e 6 4  

% Per 
organ 

e 2 3  

e88 

e 65 

6.35 

6.57 

4.31 

e15 

e02 

% Per 
gram 

e 32 

65 

e 73 

e45 

e89 

2 e37 

e24 

e 02 

021 

e16 

3.53 

e 13 

.24 

e 76 

% Per 
organ 

e 1 5  

e 63 

50 

e 47 

2e08 

2 034 

004 

04 

e22 

4001 

0 09 

le52 

3601 

6054 

7,27 

1063 

6086 

32 Days 
% per 
gram 
.21 

e33 

058 

004 

e30 

1-13 

054 

e33 

022 

c e  01 

009 

012 

1,68 

e 06 

021 

e 57 
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TABLE 111 

TEE METPLBOLISM OF TIB 110 HOUR Tc IN TBE U T  
1, 2 AND 4 DAYS FOILOWING T l B  INTRaMUSCULAR 
ADMINISTRATION OF 4 CHLORIDB SOLUTIOII OF Tc 

IN ISOTONIC SaLImE 
. 

'1 Dey 2 Days 
% Per P Per 
organ gram 

<,OOl < e o 0 2  

4 Days 
% per % Per 
organ gram 

L.005 ~0009 

'$ per 
organ 

0004 

0085 

.011 

e072 

e 3 1  

e 59 

<OOOZ 

(*001 

0007 

eo05 

u 

0 92 

e20 

021 

049 

0037 

83 0 1  

14.0 

% Per 
$ram 

6.007 

.056 

0010 

e 0 7  

e 041 

.35 

6 0 3 2  

G. 020 

0008 

0003 

0009 

.056 

.008 

.003 

0019 

e 009 

u 

II 

Tissue 

Heart 

w s  

Spleen 

Blood 

Liver 

0087 0057 

<,005 COO5 < e 0 0 5  GO07 

<,009 'COO01 

e 13 0016 025 0046 

Kidney 0 47 033 

<e002 6 0 3 0  

032 019 

Adrenal8 

Lymph Gland 6 0 0 2  (0040 

Fbcreas 

Brain 

-- ,, 003 Fat u eO06 

GeI. 

Bone 

6,44 045 .OW .OO6 

0060 0002 016 .OO 6 

Mus c le 
* 

I Skin 

Fehs  

0082 0001 

e 74 .O2 6 

I 

Urine 

Feces 12 e 2  -_ 27,6 -_ 
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TABLE I V  

Tissue 

. 

H e a r t  

Spleen 

Blood 

Liver 

Kidney 

Pancreas 

Brain 

Gaia 

Bone 

Muscle 

Skin 

Urine 

Feces 

I I f 5 0 2 9  

TEE UETABOLISN OF TITE 110 HOUR Tc I M  T I B  
RAT 4 DAYS FOLLONING Tm ORAL ADLTNISTRATIOId 
OF' A CHLORIDE SOLUTION OF Tc IN I S O T O N I C  

WINE 

.003 b 0 0 3  

.003 e003 

.012 0001 

.0?5 .009 

.160 .087 

,005 

e005 

bo% 

e 0 6  

.11 

.a9 

20.7 

77.2 
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ohemical propert ies  rubidium and cesium are very much al ike and it i s  t o  be expected 
t h a t  t h e i r  metabolic c h a r a c t e r i s t i c s  would be similar, The d i s t r i b u t i o n  of  t h e  
radio-rubidium following adminis t ra t ion  by stomach tube  was e s s e n t i a l l y  t h e  same as 
was observed f o r  t he  intramuscular s tud ie s  a t  t h e  same t i m e  in te rva l .  I appears t h a t  
t h e  absorpt ion of rubidium from t h e  d iges t ive  t r a c t  i s  e s s e n t i a l l y  100% of t h e  
administered radio-element, See Tables V and VI ,  

Radio-Germanium, 
with carrier-free radio-germanium which was made by t h e  transmutation of gallium 
by 20 bkv deuterons, 
The outstanding c h a r a c t e r i s t i c  of  gennanium is  i t s  ex t r ao rd ina r i ly  high rate of 
e l iminat ion following intramuscular i n j e c t i o n  t h e r e  being approximately 75 per  cen t  
eliminated wi th in  4 hours and wi th  the  kidneys ac t ing  as t h e  ch ie f  channel of 
elimination, 
and here t h e  r e t en t ion  remained f a i r l y  constant  between t h e  f i rs t  and fou r th  days. 
The r e l a t i v e l y  s h o r t  h a l f - l i f e  of the  germanium isotilpes eTployed does not  make it 
possible  t o  continue t h e  experiments f o r  s i g n i f i c a n t l y  loncer  time in te rvuls .  
i s  of  i n t e r e s t  t o  note  t h a t  t h e  metabolism of germanium and technetium are very 
much a l i k e  although t h e i r  chemical proper t ies  d i f f e r  t o  a considerable  degree. NO 
appreciable absorption of  pwmanium took place from t h e  di,Eestive t r a c t  following 
a d r i n i s t r a t i o n  of  t h i s  material by stomach tube and i n  t h i s  regard it b aves very 
d i f f e r e n t l y  from technetium, Judging from very low concentrat ion of Ge i n  t h e  
kidney following stomach tube  adminis t ra t ion,  it would appehr t h e t  absorpt ion from 
t h e  d iges t ive  t r a c t  was less  than 1% i n  t h i s  experiment. 

A r a t h e r  extensive series of  tracer s tud ie s  have been completed 

The 40 hour Ge71 was t he  i so tope  employed f o r  t hese  s tudies .  

The only organ t o  show any appreciable  concentrat ion is  the  kidneys 

It 

rtP 
See Table V I L  

Ber:rllime 
pas t  with car r ie r - f ree  Be , 
proton transmutation of  l i thium. 
capture  and t h a t  only 10 per cen t  o f  t h e  t o t a l  d i s in t ep ra t ions  r e s u l t  i n  t h e  release 
of  gamma rays,  t h e  problem of  rad ioac t ive  contaminants i s  o f  a se r ious  nature,  
should be r eca l l ed  t h a t  t h e  average Geiger counter has ahout a 1 per  cent  e f f i c i ency  
f o r  counting gam a ra s as compared t o  beta r a d i a t i o n  and on t o p  of  t h i s  fac tor ,  only 
10 per  cen t  of t h e  Be 
remaining 90 per  cent  of t h e  d i s in t eg ra t ions  are associated wi th  ?resumed neut r ino  
emission and are hence n o t  d e t e c t i b l e e  
of beryll ium from o the r  elements, such as t h e  chloroform ex t rhc t ion  o f  t h e  basic 
ace ta te ,  do not  Nork we11 v ~ t h  carrier-free beryllium, 
troubled wi th  unlcnown  mounts of  rad inac t jve  contaminants wliich obqiously would 
prejudice t h e  r e s u l t  o f  t h e  experiments, In t h e  l a s t  s e r i e s  o f  Be s tud ie s  r ecen t ly  
i n i t i a t e d ,  spectroscopical ly  pure l i th ium metal a s  bombarded wi th  10 ldev protons 
insteud o f  deuterons and t h e  target v a s  subjected t o  a very c s r e f u l l y  executed s e r i e s  
o f  radio-chemical procedures, 
of a specimen of carrier-free Be7 i n  which a lower l i m i t  of  1 per cent  of r ad ioac t ive  

In addi t ion ,  

It vi11 be reca l l ed  t h a t  a number of t r a c e r  s t u d i e s  were done i n  t h e  

4 
7 -- 

"his radio-element i s  made e ' t he r  by t h e  deuteron o r  
Due t o  t h e  fact  t h a t  B e  decays by o r b i t a l  e l ec t ron  

It 

s d i s in t eg ra t ions  r e s u l t  i n  t h e  emission of Earma rays;  t h e  

The usual  methods for chemical y r i f i c a t i o n  

Hence, i n  t h e  pas t  we were  

The n e t  r e s u l t  of t h i s  was i s o l a t i o n  o f  t h e  preparat ion 

a' - ~ ~ i m p i i r i t i e s  was estimated, - 
IJ 

C3 

A decay curve gave a f igure  o f  52 days f o r  t h e  ha l f - l i f e  
has been r ecen t ly  quoted as t h e  most exac t  f i gu re  f o r  t h i s  value, 

absorption curves o f  the gamma rays i n  lead agreed wi th  published values wi th in  5 
per cent. 
which it is a p p r e n t  t h a t  roughly one-third of t h e  Be i s  f ixed i n  t h e  ske le ton  and 
most o f  t h e  remainder i s  r a t h e r  r ap id ly  eliminated c h i e f l y  by way of the  urine.  
complete dnta  a t  t h e  15 and 64 day ir,terv:ls i nd ica t s s  t h a t  r e t e n t i o n  by the  
ske le ton  of  t h i s  radio-element i s  prolonqed, 

;' Table VI11 shows t h e  r e s u l t s  of the 1 and 4 day intramuscular s tud ie s  i n  

In 

C k l i i i u m .  
given i n  Tsble IX, 
elemont i n  the  car r ie r - f ree  state, following intramuscular adminis t ra t ion,  is the  
high degree of l oca l i za t ion  and prolonged r e t e n t i o n  i n  t h e  liver and kidney, The 
degree o f  dapositiorl i n  o the r  s o f t  tissues and t h e  ske le ton  is considerably less 
but  i n  general  r e t en t ion  i s  a l s o  prolongedo 

The r e s u l t s  o f  t h e  carrier-free t racer  s tud ie s  w i t h  oar r ie r - f ree  Cd109 are -.-- The outstanding c h a r a c t e r i s t i c s  of t h e  metabolism of t h i s  

It i s  of i n t e r e s t  t o  2ote  t h a t  t h e  
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TABLE V 

THE METABOLISM OF CARRIER FREE RbB6 IM-THE 
FIAT FOUCROING !CHI3 INTRBMUSCULBR INJECTION 
OF A SOLUTION OF R b C l  I N  ISOTOMIC SBLm 

Tissue 

Heart 

Lungs 

Spleen 

Blood 

Liver 

Kidney 

Lymph Glands 

Pancreas 

Brain 

Fa t  

Tseth 

Stomach 

Small I n t e s t i n e  

Large I n t e s t i n e  

Bone 

Muscle 

Skin 

Gonads 

Urine 

I 1 1 5 0 3 1  

4 Days 
% Per 
gram 
034 

032 

48 

020 

50 

035 

-- 
.77 

. 19 
- 

0 1 1  

14 

. 43 

. 19 

98 

-35  

;lo 

015 

a43 

- 
-0 - -. 

031 15 

. 19 e 2 1  

1.47 009 

2.84 023 

036 16 

04 021 

15 .10 

c e 0 1  4.06 

041 

1.02 

e 84 

7.90 

22 e5 

2.73 

e 0 2  

.66 

48.8 

9,34 - 
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TABLE VI 

UCRL=98 

Tissue 

Heart 

Lungs 

Spleen 

Blood 

Liver 

Kidney 

Pancreas 

Brain 

Fat 

Teeth 

Stomach 

Small Intestine 

Large Intestine 

Bone 

; 
, 

, 

Muscle 

Skin 

Eyes 

Gonads 

Urine 

Feces 

THE J!STABOLISM OF CBRRIER-FREE RbB6 
IN THE RAT 4 DAYS FOLLOEI13G THE O W  
ADhTINISTRATION OF A SOLUTION OF RbCl 

I N  ISO!rONIC SBLlXE 

P Per 
gram 
e 3 3  

035 

e 5 1  

20 

e42 

037 

.45 

023 

e 03 

o 14 

022 

02 6 

e18 

e81 

a37 

13 

e19 

43 

_ _  
e- 
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TABLE V I 1  

THE EETABOLISM OF CARRIER-FREE Ge71 IN THE 
RAT 4 HOURS, 1 DAY, AND 4 DAYS FOLLOKING 
TfIE INTRAKUSCULAR ADKIKISTRATION OF A SOLU- 
TION OF GeCl4 IN ISOTONIC SALIm 

4 D a y s  
% Per % per 
organ gram 

< 001 4 e 0 1  L w s  e 17 009 e 0 3  bo2 

Spleen .09 . 12 -04 .O6 

Blood 0 76 04 015 e 0 1  

002 03 

15 e01 

Liver 

Kidney 

2.39 e23 .8l bo9 

29 67 1.16 1.76 86 1 bo9 61 

Pancreas 

Brain 

Fat  

< e o 1  

_- < 001 

Stomach 02 7 e 08 017 008 

Smal l  Intestine 3.78 -30 o 63 007 

la rge  I n t e s t i n e  1034 0 33 046 b19 

Bone 5040 e27 2.73 13 

blus c l e  5.81 004 2e75 ,b 02 

005 001 

004 001 

037 e 0 1  

e 50 b005 

4 s  088 e02 

e 15 b 59 b2 1 

Skin 

Caecum 

Gonads 

Urine 

Feces 

b49 .02 

002 4 e01 

9001 -- 
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TABU VI11 

TEE METABOLISM OF CARRIER FREE Be7 IN THE RAT 1 ANI 4 DAYS 
F O U M N G  THE 1NTWJ.IUSCUUR ADI.~INISTFLATION OF A SOLUTIOE 

He& 

Lungs 

Spleen 

Blood 

Liver 

Kidney 

Lymph Gland 

Pancreas 

Brain 

Fa t  

Stomach 

Sna l l  Intestine 

Large I n t e s t i n e  

Bone 

Muscle 

Skin 

Eyes 

Gonads 

Iirine 

Feces 

I I 1 5 0 3 4  

OF BeC12 I N  ISOTONIC SALINE 

1 Day 
% Per 
organ 

e 08 

56 

011 

1.99 

5 004 

3.14 

e, o i  

e 0 8  

< -03 

4 -01 

017 

1.12 

1.76 

29.4 

1.80 

67 

4 .05 

e 1 1  

42.3 

1109 
100 e o  

% Per 
gram c 

.08 

020 

017 

- 

0 14 

e 64 

1.65 

4 003 

0 1 1  

(,01 

< eo1 

e06 

0 1 1  

022 

1.90 

e o 1  

001 

4.2 

.O6 

__ 
-_ 

4 Days 
P Per 
organ 

. 08 
039 

023 

2 .oo 

9.58 

1.95 

05 

016 

03 

003 

021 

52 

60 

32.0 

2.26 

70 

.OB 

.l6 

38 .o 

10.9 
10000 - 

% Per 
gram 
. 10 

.l6 

.31 

013 

1.09 

096 

16 

e 13 

03 

008 

05 

005 

.O8 

1.61 

. 02 

002 

021 

005 

0- 

-0 
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T B L E  IX 

THE blETABOLISYi OF C A R R I E R  FREE Cdlo9 I N  THE U T  
1, 4, 15, AX?D 64 DAYS FOLLOT;II?G THE I N T R A b S C U W L R  
A D M I N I S T R A T I O X  OF A SOL'U'TIOK OF C d C Q  IN I S O T O N I C  . 

SBLIIX 

organ gram organ organ gram organ gram 

Heart .24 .34 e24 037 I- -- 006 . 10 
4 

Spleen 24 . 45 .37 57 -27 044 033 a 72 

Liver 77a8 10.2 73.5 9.31 74,O loa2 62.1 l o a 5  

a 65 0039 a472 Adrenals .049 .96 a 03 60 

Lymph Gls. .053 . 49 007 a 56 0058 a46 a 0 8  . 79 

Pancreas ,77 098 a81 la45  a 8 1  1-30 097 1056 

Brain 0019 a 0 1 1  002 a 02 

Stomach .43 a 3 0  032 012 - Sm. Int. 4.23 a 64 2 a82 040 
4 

, a  -I. Lg. Int. 2.50 e 56 1.43 a 20 
' c n  
0 Bone 2.42 a15 3 034 . 10 

- w  
ul b;usclc 1.3~) a 0 1 1  1.38 003 . 

Skin 2.50 .092 2065 ,3s 

Ovaries a 0 7 3  ,714 ,07 1.12 

QSS a 0 1 1  .038 -0 - 

,023 

-- 
I- 

a44 

a 98 

98 

2,60 

1.37 

2.42 

-044 

0011 

a013 

.030 

-- 
e16 

. 15 

017 

.14 

.@1G 

.m2 
033 

.034 

002 

-- 
-- 
021 

a 64 

021 

1.77 

1 e49 

1.05 

.02 

-- 

a 0 1  

. 15 
a 13 

a 0 5  

a 0 9  

002 

a 0 4  

a 33 
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content of the radio-cadmium i n  the  blood, muscle, brain,  and skc:lcton i s  very 1OWa 
Excretion i s  almost e n t i r e l y  by way of the d iges t ive  t r a c t  an2 vcry possibly the  
l i v e r  a c t s  as the  source f o r  most of t he  radio-cadmium excreted, The absorpt ion 
fo l lmdng  o r a l  adminis t ra t ion W a s  observed t o  be ,25 percent of  the amount given 
by stomach tube, 
t r u e  absorption f o r  t h i s  quant i ty  i s  based on t h e  radio-cadmium found i n  t h e  liver 
and kidney i n  t h e  stomach tube experiments, 
wi th  cadmium using macroscopic quan t i t i e s  i nd ica t e s  t h a t  t h e  l i v e r  and kidneys are 
the  p r inc ipa l  xgans  of deposi t ion and r e t en t ion  of t h i s  element, 
da ta  i s  no t  as complete and a l s o  t h e  amounts of cadmium employed approached and 
o f t en  exceeded, the tox ic  l e v e l  of t h i s  very poisonous element. 

This i s  not  a lower value b u t  i s  believed t o  a c t u a l l y  represent  

Toxicological work done in t h e  p a s t  

The a v a i l a b l e  

Other Tracer Studies.  Tracer s tud ie s  w i t h  ca r r i e r - f r ee  radio-vanadium have been 
i n i t i a t e d  as w e l l  as a s e r i e s  of t rnce r  experiments w i t h  ca r r i e r - f r ee  U 2 3 0 ~  
which has been obtained through the  cooperation of the  C5emistry Division o f  
t h e  Arronne National Laboratories,  f rom a thorium t a r g e t  bonbc.rde5 wi th  20 Uev 
deuteronsat  Berkeley, 
of uranium a t  a l e v e l  which can be considered ca r r i e r - f r ee  as compared t o  t h e  s tud ie s  
done both here and elsewhere using UZ33. 
very high s p e c i f i c  a c t i v i t y  Eu1S4, which is i n  t h e  rznge of 2 t o  5 microcuries per 
microgram and we plan t o  do t r a c e r  experiments with t ' i s  s l encn t  short ly .  
t i on ,  we have a ' target  of tantalum which has been bonbarded r - i th  200 Ekv deuterons 
from t h e  184 inch cyclotron. 
of loxlg-lived rad ioac t ive  isotopes or" thulium and lutecium i n  order t o  make some 
preliminary t r a c e r  s tud ie s  with these  two  heavy r a r e  ear ths  i n  t k e  ca r r i e r - f r ee  
s t a t e .  This i s  an i s sue  o f  considerable importance s ince  the  chemiczl and physi- 
c a l  p roper t ies  of the  heavy r a r e  ear ths  are much c lose r  t o  those of yttrium then  
the l i g h t e r  members of t h e  r a r e  e a r t h  s e r i e s ,  such as lanthan~m, cerium, praseo- 
dyxium, neodymium, and element 61. 
metabolic c h a r a c t e r i s t i c s  of the  heavy rare ea r ths  fa i l  t o  demonstrste, as does 
yttriun, t h e  s t r i k i n g  and c h a r a c t e r i s t i c  
accumulate t o  such a high degree i n  t h e  l i v e r  and are deposited i n  the  region o f  
t he  small blood vesse ls  of c o r t i c a l  bone. 

The purpose cf t h i s  i s  t o  ok ta in  da t a  on t : e  d i s t r i b u t i o n  

Ne now have a v a i l r b l e  a preparat ion of 

I n  addi- 

From t h i s  sample we hope t o  i s c l a t e  s u f f i c i e n t  amounts 

I t  w i l l  be of i n t e r e s t  t o  6ce vhether  the 

proper t ies  of t he  l i e h t c r  members which 

Decontamination and Bone Eetabolism Studies  

Kinet ics  of Ske le t a l  Uptake and Urinary Excretion of Radioactive Strontium, 
cause of i t s  long h a l f - l i f e  a d  ease of absorpt ion from t h e - G t e s t i n a l  t r a c t ,  
rad ioac t ive  s t ront ium i s  one of the  most dangerous products of f i s s i o n  from t h e  
poin t  of hea l th  hazard. i n  Lio logica l  
behavior it provides an exce l len t  t o o l  f o r  studying bas ic  calcium and bone metab- 
o l i s n e  

Be- 

Because of i t s  c lose  s i m i l a r i t y  t o  calci-ca 

In t h i s  exTeriment, t h e  k i n e t i c s  of s k e l e t e l  uptake and u r i m r y  excre- 
t i o n  of rad ioac t ive  s t ront ium were s tudied during t h e  c r i t c a l  f i r s t  hour f o l l m i n g  
in t r ape r i tonea l  i n j e c t i o n  of a ca r r i e r - f r ee  dose of Sr30. 
mere cornpard, 

Three groups of rats 

1.1 75036 

1. 
2. 
3, 

k t u r e  a d u l t  farales - i n  xhich s k c l e t d  k r m t l .  Lad cwsed.  
Young normal rats - i n  which e c t i v e  bone f o r x a t i o n  was taking place,  
Young r a c h i t i c  rats - (reared accordin& t o  spec i f i ca t ions  of USP 
XI1 for standard vitamin D t e s t  animals) 

In t h e  r a c h i t i c  animals new organic bone matrix i s  being formed, but  
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t h i s  matrix does not  calcify.  The ra ts  w e r e  s a c r i f i c e d  a t  5, 10, 15, 30, and 60 
minutes following in j ec t ion ,  and the  percent  of t h e  dose of rad ioac t ive  s t ront ium 
i n  bone, blood, s o f i  t i s s u e s ,  u r ine  and feces was calculated.  The urine f i g u r e  
included bladder washings. 
t i m e  fo1lov;ing i n j e c t i o n  t o  give t h e  r ad ioac t ive  -trontium uptake curveso 

The averace value f o r  each organ was p lo t t ed  aga ins t  

The s k e l e t a l  uptake curves f o r  a l l  three groups a r e  shown in Figure 1, 
I t  w i l l  be noted t h a t  t h e  uptake by a d u l t  bone occurs a t  a slcm and s teady  rate 
throughout t h e  hour. The i n i t i a l  uptake by bo th  normal and rachitic young rats 
is very rapid,  b u t  t ape r s  off sha;ply towards t h e  end of t h e  hour. 
t o  these  curves a t  t h e  d i f f e r e n t  points  give a measure of t h e  rate of r ad ioac t ive  
s t ront ium uptake a t  that t i m e .  
a t  t h e  same t i m e  gives a measure of the  spec i f i c  uptake of radio-strontium, expressed 
as percent of t h e  t o t a l  plasma "cleared" of s t ront ium by the bone per minute, 
s2ec i f i c  u?take values  are skicxn, p l o t t e d  aga ins t  t i m e ,  i n  Figure 2 .  

Tangents drawn 

This f igure ,  divided by t h e  total  plasma s t ront ium 

These 

The spec i f i c  uptake by a d u l t  bone i s  almost c o n s t m t ,  i nd ica t ing  that 
t h e  rad ioac t ive  s t ront ium i s  passing s t e a d i l y  from blood i n t o  bone during t h i s  one 
hour period. 
wi th  t h e  non-radioactive calcium of the  bone sal t ,  

This may be explained by a simple aZsorption and exchange of  s t ront ium 

I n  both t h e  normal and r z c h i t i c  young animals, t h e  uptake i s  i n i t i a l l y  
very high, bu t  f a l l s  of f  very rtlpidly, 
uptake by bone i n  a k b i l e  combination from which rad ioac t ive  s t ront ium i s  a c t i v e l y  
relehsed towards t h e  cnd of t h e  hour. Since t h i s  effect  i s  equal ly  prominent in 
t h e  non-calcifyinp r a c h i t i c  rats,  it i s  not -due  t o  c a l c i f i c c t i o n  per  se, b u t  is 
probably assoc ia ted  wi th  t? ,c  oryknic os teo id  matr ix  present  i n  botk; younc groups. 
This l a b i l e  combination wi th  t h e  o r c m i c  bone ma t i r ix  ma, be t h e  f i r s t  s t e p  i n  
t h e  n o m 1  c a l c i f i c a t i o n  Frocesse The g rea t e r  o v e r a l l  uptake b;; t!,e narmal yomg 
animals is probably due t o  f i x a t i o n  of the  rad ioac t ive  s t ront ium i n  t h e  deposi t ing 
bone salt. 

This m a y  b e s t  be explained by a very  rap id  

The curves f o r  ur inary  excre t ion  wi th  t i m e  are shG;m ~ L I  Figure 3 0  When 
th spec i f ic  excre t ion  i s  ca l cu la t ed  (as above) as percent  o f  t h e  plasma wcleared" 
by ur inary  excre t ion  per  minute, it i s  found tha t  t h i s  remains constant  i n  a l l  
three groups throughout the  experiment. The clearance i n  the r a c h i t i c  rats vas  
almost ten t imes  as g r e a t  as t h a t  i n  young and a d u l t  normal animals, ir idicating 
a spec i f i c  e f fec t  of r i c k e t s  on t h e  excre t ion  of radio-strontium. 
increase i n  excre t ion  r a t e  may be of some in te res t  from t h e  poin t  of v i m  of 
decontmina t  i on ., 

T h i s  t e n  f o l d  

Effec t  of Zirconium Citrate Treatment on the Distribution and Excretion of 
Radioactive Y t t r i u m ,  I n t r ape r i tonca l  i n j ec t ion  of k r g e  doses of zirconium c i t r a t e  
has beenfound t o  increase  t h e  ur inary  excret ion and decrease t h e  bone depos i t ion  
of plutonium following i n t r m u s c u l a r  o r  intravenous in jec t ion .  
metabolic s i m i l a r i t y  of plutonium and yttrium, it was f e l t  t h a t  a s imi la r  e f f e o t  
should 5e obtained vsith t he  la t ter .  
prosuct of nuclear fission, b u t  as e h t ~  I_ t t t e r ,  it is  much s a s i c r  t o  measuree 
For b o t h  r C t  sons, t k e  f ollo?:inE cxytri:Tc--fi, T, 

y t t r i m  as a "stand-in" f o r  p l u t o n i m ,  G L ? ~  the e f f e c t  of t i e  t i r n b g  of t1,c t reat-  
ment on t h e  effect obtained was invc-tl:Ltsdo 

- -- ----- 

Bectxuse of t h e  

l icdioactive yttrium is  n o t  only an inpor t an t  

3 c a r r j  \,d cut ::sing r s d i o z 2 t i v e  

S k e l e t a l l y  mature s d u l t  female rats were usedo They were in j ec t ed  
intmvenously i n  t h e  r i g h t  jugular  v e i n  -;rith 40 z i c rocur i e s  of Ygo i n  i so ton ic  
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s a l i n e  a t  pE 5 - 6. 
i n  1.5 ccs  a d d n i s t e r e d  by in t r ape r i tonea l  i n j e c t i o n  e i the r :  

Treatment consis ted of 40 mg, Z r  as zirconium c i t r a t e  complex 

1. 
2. 
3. 
4. cont ro ls  - no treatment 

48 hours p r i o r  t o  the  i n j e c t i o n  of radio-yttrium (pre-treatment) 
a t  t h e  same t i m e  as the dose of radio-yttrium (immediate t reatment)  
48 hours after t h e  i n j e c t i o n  of radio-yttrium (post-treatment) 

Urine and feces w e r e  co l l ec t ed  daily and t h e  an ina ls  were a l l  s a c r i f i c e d  
a f t e r  3 days. The r e s u l t s  obtained a r e  given i n  Table X, 

Treatment w i t h  zirconium c i t r a t e  a t  t h e  same t i m e  as t h e  i n j e c t i o n  o f  
Urinary radio-yttrium had a profound e f fec t  on t h e  d i s t r i b u t i o n  of t h e  yttrium. 

excre t ion  was increased almost t e n  fo ld  (from 8*8  t o  68.4 percent),  deposi t ion i n  
liver was markedly reduced less than  half  t h a t  of t h e  cont ro ls  (44.9 t o  20.3 perqent).  
This tremendous e f f e c t  was no t  produced when t h e  t reatment  m s  given 48 hours befope 
o r  following t h e  i n j e c t i o n  of radio-yttrium,, In t h e  l a t t e r  cases,  the  f i g u r e s  did 
no t  d i f f e r  s i g n i f i c a n t l y  from those i n  the  cont ro l  animals. 

This remarkuble e f f e c t  of immediate t reatment  w i t h  zirconium ci t ra te  may 
be explained as a "carrier" ac t ion  of t h e  massive amount of zirconium c i t ra te  com- 
plex. Blockage of recept ive  bone groups by ZP i s  unl ikely,  since i n  t h a t  case  
the re  would be more e f f e c t  i n  the pre- t reated group. 
radio-yttriur;: a l ready deposited i n  bone does nbt appear t o  be t h e  main e f f e c t ,  s ince  
i n  tht  chse more response vould be expected from t h e  post- t reated group. 

Ionic  exchaays o f  Zr with  

It remains t o  be seen whether bone r e so rp t ion  by physiological  means may 
free chronic deposi ts  of radio-yttrium or plutonium i n  bone so  t h a t  zirconium 
c i t r a t e  t rcatment  may be e f f ec t ive  i n  removing it from the  body. 

Severe Phosphate Deficiency as a Eeans of Demineralization, Severe phosphate 
def ic ieccy  fias been found t o  be one of t he  most po ten t  means o f  producing bone 
resorpt ion,  t h e  s e v e r i t y  of t h e  deficiency. 
e i n g  t h e  f i b r i n  used i n  t h i s  d i e t  by i so -e l ec t r i c  p r e c i p i t a t i o n  s o  t h a t  a syn- 
t h e t i c  d i e t  i s  not  ava i l ab le  contaicing less than  0.005 percent  F. This i s  l e s s  
than one t h i r d  t h a t  of t h e  lovest. d i e t  h i t h e r t o  reported.  The e f f e c t s  of this 
d i e t  are now being invest igated.  

A method has been developed for puri- 

Comparison of t he  Meta.Solism cf t he  Alkaline Earth Ketals. 
z l i s m  of calcim,  s t r o n t i m ,  and barium has been made using t h e  rad ioac t ive  
isotopes,, 
increases  as t h e  atomic weight increases.  The general  r e s u l t s  subs t an t i a t e  the 
similarity of calcium and strontium, (car r ie r - f ree)  and the  v a l i d i t y  of radio- 
strontium as a "stand-in" fo r  calcium. 

A comparison of t h e  

A l l  three are q u i t e  s imi la r  i n  t h e i r  general  behavior, b u t  t h e  excre t ion  

I t 1 5 0 3 8  
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TABLE X 

EFFECT OF T1E.Z OF ZIRCOFIUbP T R E A W T T  UP02 THE UPTARE 
DISTRISUTIOB, AEi) ESCRETIOL OF IXTRAVEXOUSLY IXLTJECTED Ygo* , 

Controls  Immediate Treatment be-Treatment Post-Treatment 

Carcass 44.9 44,4 43 .O 

0.G 102 2 .o 

Liver 28.5 29.5 

Kidney 2 e 4  0.3 2 .o 2 .o 

Ur ir-e 
0-1 day 
1-2 days 
2-3 days 

7.3 
2.7 
1.7 

707 
2 e 5  
2.3 

68.4 
1.6 
1.2 

Feces 
0-1 day 
1-2 days 
2-3 days 

3.7 
3 05 
2.4 

2.2 
2 07 
0.8 

40 9 
2 e 9  
3 a 4  

306 
704 
405 

* 
Values equated to 100% (actuzl recovcry E9-98g) 

TOTAL EXCRETION 

Urine Feces 
- 

Controls 12,5 9 e6 

Immediate Treatment 71 02 5 0 7  

Pre-treatment 11.7 11 02 

Post-treatment 12,5 15,s 
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Radio-Chemical' I s o l a t i o n  

Carr ier-free y t t r iumwas  obtained from a stront ium t a r g e t ,  following 
I deuteron bombardment, by a method previously reported.  Carrier-free rubidium 

RIBS a l s o  prepared from t h i s  t a r g e t  and t h e  s t ront ium a c t i v i t y ,  though n o t  
carr ier-free,  was obtained f ree  of other  contaminants, 

Following deuteron bombardment on a molybdenum t a r g e t ,  onrr ier-free 
technetium was obtair,ed by a method reported earlier, 
fo r  obtaining car r ie r - f ree  vanadium from a t i tan ium t a r g e t  bombarded w i t h  deuterons. 
The t i t an ium povder i s  dissolved i n  H2S04, taken t o  dryness, and fused wi th  Na$X3, 
Vanadium and scandium are ex t rac ted  w i t h  water from the  fused mass. Excess sa l t  
i s  removed by repeatedly eTa2oratin.g t o  a small volume and sa tu ra t ing  t h e  so lu t ion  
wi th  HC1. Sc i s  removed by ex t r ac t ion  wi th  T.T.A. i n  benzene a t  pH 5. C a  i s  
removed by ex t r ac t ing  wi th  T.T.A. a t  pH 7.9, using C a  carrier. As a f inal  preoau- 
t i on ,  s m a l l  amounts of Sc, T i ,  and Ca c a r r i e r s  are added and removed by prec ip i t a t -  
ing t h e  hydroxides from bo i l ing  1Ei' NaOH, It i s  believed t h a t  ca r r i e r - f r ee  scan- 
dium w i l l  a l s o  be obtained f r o m t h i s  t a rge t ,  though t h i s  work has n o t  been completed. 
The decay of a small amount of Ca ac t iv i ty  i s  being followed. 

A method was developed 

Carr ier-free rad io-s i lver  was obtained from a p a l l a d i m  t a r g e t  by a 
method previously reported,  

A Cb-Zr s o l u t i o n  was received from Oak Ridge and from t h i s  solut ion,  
The columbiumwas removed by carrying x l t h  Mn02 I carrier-free Z r  was separated,  

I n  IO?? E O g .  
period a s o l u t i o n  of Eu154 was a l s o  received from Oak Ridge, 

This method was taken from t h e  p ro jec t  l i t e r a t u r e a  During t h i s  

lVork is progressing on obta i r ing  carrier-free protoactinium from a 
thorium t a rge t  by methods from t h e  p ro jec t  literature, 
has been obtained from a gall ium t a r g e t  by d i s t i l l a t i o n  o f  t h e  bromide, 

Carr ier-free germanium 

The e c t i ~ t y  of a Be7 sample is  being followed, The half-life 
obtained i s  about 52 days which agrees closely wi th  the l a t e s t  reported values. 

, 
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11. BIOLOGICAL STUDIES OF W I A T I O N  EFFECTS 

J, H, hwrence  - i n  charge 

Pro jec t  4W - I1 
The Radiological Use of High Energy Deuteron Beams 

by C, A. Tobias, . H a l  Anger, P. P, Pveymouth and 
R, Luw~y Dobson 

Introduction. 
. successful  construct ion of a d e f l e c t o r  system, it was possihle  t o  br ing  t h e  190 
Mev deuteron and t h e  380 Mev alpha heams out  i n t o  t h t  air,(2), and t o  begin a s tudy 
of t h e  e f f e c t s  of these  beams by d i r e c t  i r r a d i a t i o n  of  b io logica l  specimens. 
d i r e c t  b io logica l  use of deuteron beams was attempted earlier i n  Berkeley by 
Marsh&, k o h i s h ,  and Walker (3) i n  1940. 
amre f o r  some time of the po ten t i a l  usefulness of high energy p a r t i c l e  beams for 
radio-biological 8tudies  and t h e i r  s u i t a b i l i t y  f o r  b io logica l  i n t e s t iga t ions .  
R. R, Wilson (4) advanoed t h e  idea of  using fast  proton beams t o  d e l i v e r  r ad ia t ion  
doses t o  se lec ted  deep-lying regions of t h e  animal body without i n ju r ing  t h e  s k i n  
and intervening t i s sues .  B, E. Zirkle (5) pointed out  t h a t  such p a r t i c l e  beams 
may be focused o r  screened u n t i l  a cross-section o f  t h e  beam is small enough t o  
s tudy e f f e c t s  of i r r a d i a t i o n  under t h e  microscope on s i n g l e  c e l l s  o r  on par t s  of 
s ing le  cells, 

With the completion of t h e  184 inch cyclotron i n  Berkeley (1) and t h e  

The 

These and other  i nves t iga to r s  have been 

Outline of Poten t ia l  Uses of High Energy P a r t i c l e  Beamso 
enumerate here  some of t h e  physical p r inc ip les  on which expectations a r e  bhsed 
concerning po ten t i a l  use of t h e  cyolotron beams i n  biology and medicine. 
as follows: 

It seems worthwhile t o  ------ 
These are 

1, 
t h a t  t h e i r  paths form a p a r a l l e l  ray through a considerable thickness 
of material .  Since t h e  number o f  such p a r t i c l e s  may be measured with 
ease,  para l le l i sm apFars t o  be o f  advantaee i n  t h e  study of c e r t a i n  
b io logica l  ac t ions  of rad ia t ion ,  e spec ia l ly  when t h e  t a r g e t  hypothesis 
is involved. 

Accelerated oharced p a r t i c l e s  from t h e  cyclotron may be focused so 

: -  
I - 

J 
. u l  
' c a  

E 
c 

2. 
same spec i f io  ion iza t ion  and rate of energy loss ' L_ Jbc:r. The 
ion ica t ion  may be measured i n  an ion iza t ion  chamber qu i t e  accurately,  and 
t h i s  property together  with t h e  one mentioned above enables one t o  
d e l i v e r  accurate  doses of  p a r t i c l e s  with uniform ionization. 
precis ion afforded by these  propert ies  i s  o f  value when t h e  dependence 
of b io logica l  e f f e c t s  on s p e c i f i c  ion iza t ion  i s  t o  he s tudied 
quant i ta t ively.  
be ta  rays to induce b io loe ica l  e f f e c t s ,  one always dea ls  with a 
number of  ionit i lrg e lec t rons  distri::i;e.' i n  random d i r ec t ions  m d  having 
g rea t  va r i a t ions  i n  t h e i r  spec i f i c  ionizst ion,  Thus t h e  r e l a t ionsh ip  
tfciween s p e c i f i c  ionizat ion,  nuqber o f  p a r t i c l a s  , and d i r e c t i o n  of  
p a r t i c l e s  is hard t o  der ive  i n  these  caseso 
If t h e  various ava i l ab le  beams (proton, deuteron, alpha, carbon ) leave 

Each p a r t i c l e  as  it leaves the  cyclotron has - i ' '  i-. c lose  limits t h e  

The 

In cont ras t ,  when using X-ray beams, ganrma rays, o r  

* 
t h e  oyclotron with t h e  same speed, t h e i r  s p e c i f i c  i on iza t ion  w i l l  vary - p-II_p * The use of carbon has not been at tenpted i n  t h e  184wAc-<F<<GF&. 

In t h e  60" cyclotron weak carLon bcams a r e  ava i lab leo  (11) 



a 

i n  proportion t o  t h e  square of t h e  charge on t h e i r  c&ponmt pa r t i c l e s .  
Thus t h e  ion iza t ion  r a t i o s  of proton t o  alpha t o  carbon particles w i l l  
be 1 t o  4 t o  36. 
This af fords  tests f o r  biologioal  e f fec t iveness  a t  widely varying 
levels of specific ionieation. 

3. 
penetrating. 
penetrates  about 17 centimeters of sof t  tissue,, 
much less importance than i n  t h e  case of X-ray beans o r  e lec t ron  beams, 
and t h e  lhmr penetrat ion of t h e  beam thus allows one t o  h i t  t a r g e t s  
lyin: deep under t h e  skin q u i t e  accurately,  and as w i l l  be seen 
be low, s mewhat s e l e  c t  i ve  1 yo  

H i g h  energy p a r t i c l e  beams produced i n  t h e  cyclotron are very 

Sca t t e r ing  i s  of 
For examFle, t h e  190 v o l t  deuteron beam now avai lab le  

4. 
energy, and reaches a peak j u s t  before they s top .  
is expressed usua l ly  with t h e  w e l l  known Bragg curve - t o  be reproduced 
and s tudied l a t e r  i n  t h i s  paper. Correspondingly t h e  p a r t i c l e s  ion ize  
more heavi ly  nezr  t h e  end of t h e i r  range and the  dose del ivered may be 
g rea t e r  near t h e  terminLl end of t he  beam. 
affords se l ec t ive  i r r a d i a t i o n  o f  deep-lying tisslies. 
s e l e c t i v e  i r r a d i a t i o n  of well  defined in t e rna l  recions o f  t h e  animal 
body may be poss ib le  f o r  t h e  f i r s t  t i m e  without t h e  necess i ty  o f  
su rg ica l  procedures. 

The r a t e  of energy l o s s  i n  mat ter  increases  as the  p a r t i c l e s  l o se  
This r e l a t ionsh ip  

This is t h e  property t h a t  
Thus h i & l y  

5. 
defined regions o f  individual  c e l l s  and t h e  e f f e c t s  o f  i r r a d i a t i o n  of  
these regions may be d i r e c t l y  observed. 
The above proper t ies  show that high energy p a r t i c l e  acce lera tors  becone 

Single  p a r t i c l e s  o r  a small bundle of  p a r t i c l e s  nay be d i rec ted  t o  w e l l  

very versatile foo l s  i n  t h e  study of t h e  b io logica l  e f f e c t s  of r ~ ~ d i u t i o n s .  
it i s  hoped t h a t  t h e i r  use might increase our knowledge concerning the funaamental 
nature  o f  t h e  r ad ia t ion  e f f e c t s ,  i n  addi t ion,  they  a l s o  may bezone valuable 
experimental therapeut ic  tools t o  produce regression o f ' t i i r w s  slid other  loca l ized  
therapeut ic  e f fec ts .  

In f a c t ,  

Exbariments Concerning t h e  Mlysical Yroperties of  t h e  Beam. Before t h e  new 184 inch 
cyclotron was put  t o  use  f o r  b io logica l  experimentation, it was necessary t o  perform 
a number of  tests concerning t h e  physical p roper t ies  of t h e  Feam and t o  confirm the  
theo re t i ca l  r e l a t i o n s  on which some of  t h e  previous paragraph mas based. 
do t h i s ,  an apparatus was constructed t o  be used i n  t h e  study of t h e  ionizat ion,  
s ca t t e r ing ,  and absorpt ion of t h e  par t ic les .  

from the  d c u u m  chamber through a 1/8' aluminum window w e l l  colljnnted s o  t h a t  t h e i r  
divergence was only a few minutes of arc. Figure 1 shows t h e  arrangerrent used f o r  

were mounted on a set of p a r a l l e l  trdc'ks rhich were aligned exactly i n  t h e  d i r e c t i o n  
of t h e  beam. For elignment a s2ccitil ion iza t ion  chr,r??sr was used having four seg -en t s  
(Fizure 2). 
On t h e  t racks  t h e  following instrumerts 7'1re nountedt 

-L_ p- 

I n  order  t o  

The beam was brourht ou t  i n t o  the  a i r  
c by a c q b i n a t i p n  of magnetio ..and e l ec t ro - s t a t i c  defUc.tion (2). The p a r t i c l e s  emerged 

\ 
4 t h e  ion iza t ion  and s c a t t e r i n g  measurements. Various i n s t r u m n t s  used in t h i s  connection 

1. An ion iza t ion  ckamber t o  monitor beam i n t e n s i t y  and iciiization. 

2. Absorbers o f  varying thickness  and varying na te r i a l s .  

3. b analyzing ion iza t ion  chamber placed immediately behind t h e  absorbers. 



* 
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0 

The ioniza t ion  cur ren t  i n  t h i s  chamber was campared t o  t ha t  of t he  
monitoring chamber and p lo t t ed  i n  funct ion of  t h e  absorber thickness. 

4. 
box. 
t h e i r  flux. 

A Faraday Cage was mounted behind a l l  this equipaent i n  an evacuated 
This co l lec ted  the p a r t i c l e s  of  the primary beam and measured 

5. 
various posi t ions and angles. 

Photographic p l a t e s  oould be mounted t o  in t e rcep t  t h e  beam i n  

After t h e  neaessary physical measurements were completed, t h e  var ious 
instruments were removed except for t h e  monitoring chamber and a set  o f  absorbers 
behind it. A s u i t a b l e  holder was mounted behind these  to hold the b io log ica l  
SpeCheZU, which then could be exposed t o  t h e  beam. 
described belaw mioe were exposed. 
w i t h  t h i n  walls and t h i s  cy l inder  was held i n  t h e  beam by means of a mV" shaped holder. 
For schematic details  see Figure 3, 

In t h e  p a r t i c u l a r  experiments 
They were confined t o  a small plast ic  cy l inder  

Information was being sought regarding four types of i n t e rac t ions  of the 
beam with  I W t b r J  

1. Some of t h e  fast p a r t i c l e s  i n t e r a c t  with t h e  
nuc le i  of atoms, producing transmutations. These p a r t i c l e s  are removed 
from t h e  beam, thus decreasing t h e  beam current ,  A t  t h e  sme tine t h e  
transmutation products may add some o the r  types o f  i o n i t a t i n g  'particles 

Inelastic co l l i s ions .  

t o  the bema 

2. Range s t raggl ing.  
oyclotron shows f luc tua t ion  around t he  mean ranger 
by producing i o n i t a t i o n  and e x c i t a t i o n  i s  a s t a t i s t i c a l  process. 
Measurement of t h e  d i s t r i b u t i o n  of ranges i s  of importayxe i n  the 
determination of dosage. 

The range of t h e  f a s t  p a r t i c l e s  produced in  the 
energy l o s s  i n  matter  

3. Multiple e l a s t i c  scat ter ing.  Col l i s ions  with atomic nuc le i  r e s u l t  
i n  deviat ion o f  some of t h e  fast p a r t i c l e s  from their  o r i g i n a l  d i r ec t ion  
and it produoes a widening of t h e  beam near t h e  end o f  the range. 

4. 
p a r t i o l e  energy and range. 

Speoi f ic  ionizat ion,  and s p e c i f i c  energy l o s s  i n  funct ion of t h e  

Good t h e o r e t i c a l  formulas are available t o  p red ic t  most  o f  t h e  above 
propert ies ,  but they  have not  been oheaked experimentally thus far in  t h e  200 Mev 
range. 
Results. 
t o  start sane bio logica l  experimentation and t o  ve r i fy  some of  our hopes as t o  t h e  
po ten t i a l  usefilness o f t h e  beam. The best da ta  we have a r e  i n  aliuninum absorbers 
and in  polystyrene. 

The da ta  obtained a r e  preliminary and incomplete. They allowed us however 

Figure 44honrs one of  t h e  Bra-g curves obtained i n  aluminum. The mean 
range 
mas uead t o  evaluate  t h e  deuteron energy t o  be 190 &IT* 
by Serber e t  a 1  ( 6 )  and Smith (7) w e r e  used. 

= 17.8 e; cm and t h e  extrapolated range R, = 13,l g ano2. The mean range 
Bange energy tables prepared 

The roo t  mean square f luc tua t ion  of t h e  
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range i s  computed f r o m t h e  fornula  

. 
2 2 

S R 2 = &  (Bo - G2 ) = 0.107 om 

This may be checked aga ins t  an approximate formula f o r  t h e  s t raggl ing ,  derived by 
-son (e), from Bethe's accurate  equations f o r  energy lo s s  ( 9 ) ,  and va l id  i n  t h e  
pa r t i cu la r  energy region. 

where I$, i s  t h e  mean range i n  cm. 

E, i s  t h e  rest energy of  the  deuteron i n  bf6v (1P60 h v ) .  

I i s  t h e  number of atoms per cm3 of  absorber. 

2 i s  t h e  atomic number of t h e  absorber. 

z i s  t h e  atomic number of t h e  f a s t  par t ic le .  

2 For deuterons we g e t  R2 - 0.10 cin from t h e  theo re t i ca l  formula. 

There i s  agreement between experimental and t h e o r e t i c a l  values f o r  t h e  
straggling. 
r e s u l t  may be taken a s  an ind ica t ion  t h a t  the deuteron energy i s  homcgenous. 

Since equation (1) i s  known t o  be on sound theo re t ioa l  bas i s ,  t h i s  

The range energy r e l a t ionsh ip  f o r  aluminum was checked by measupfag t h e  
beam currenc, i n  funct ion of t he  absorber thickness i n  t h e  Faraday Cage. 
r e s u l t  obtained i s  shown i n  Fig. 5. 
per u n i t  ion iza t ion  cur ren t  on the  monitoring chamber was plo t ted  i n  funct ion Of 
the  aluminum absorber thickness. a, t h e  
'background" e f f ec t ,  mostly due t o  e l e c t r i c a l  leakage and t o  a small ex ten t  t o  
ion iza t ion  o f  r e c o i l  protons from the  neutron backgrounds *a* should be subtmoted. 
The component "b' resembles somewhat t he  expected curve. Its s t r a i g h t  p a r t  i 8  
sloping s l i g h t l y  corresponding t o  i n s l a s t i o  oo l l i s ions  and wide angle elastio O O l l i 8 i O n S  
which m i s s  t h e  Faraday cup. 
obtained using t h e  Brag€ Curve. 
represents the s t r agg l ing  of t h e  range of t h e  pa r t i c l e s .  
it is hoped t h a t  more t x a o t  curves w i l l  be obtained in t h e  f'uture. 

A typ ica l  
Here t h e  charge col lected on t h e  Faraday cup 

The observed curve has trr0 conponentst 

The mean range and 6 B correspond w e l l  t o  t h e  f igures  
The pa r t  o f  t h e  curve t h a t  f a l l s  o f f  rap id ly  

With improved teohniqUe 

From t h e  8lope o f  component b, as w e l l  as from t h e  deviat ion of the 
Bragg curve from t h e  t h e o r e t i c a l  one, t h e  combined cross-section for fnelastio 
s c a t t e r i n g  and 

In 
these causes e 

wide angle e l a s t i c  s c a t t e r i n g  may be estimated. 

16 g/m 
The ove ra l l  cross  sec t ion  f o r  t h e  above range is  

2 aluminum about 25 percent of the beam was af fec ted  due t o  

= 7 1 0 4 5  om2 (Aluminum) 
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. 
The theoretical rate of energy loss was checked by comparing 

ionization measurements in the monitoring and detecting chamber t o  beam ourrent 
measurements. 
deuteron particles %" in the beam from Faraday cage readingsl 

If t h e  beam is on for a time interval t and we have the nmber of 

where 'Qf total charge collected. 

cf capacity of cage leads to ground. 

A Ef change in potential slidebaok. 
vo 1 tme t er 

ze charge of particle 

From ionization chamber measurements 

n =  QI 
tze f 

1 
dE 
dx 

- - 

. , 

* 

where QI = change collected in saturation current of ion chamber. 

CI = capacity of collecting electrode and leads. 

E1 - potential change of slidebaok voltmeter during exposure. 
Z = effective length of chamber, cm of air. 

dE rate of energy loss of particle per g air. 
dx e = density of air gmo3 

The agreement between ionieatiou and component b of the beam 
intensity was excellent, confirming the theoretical values of dE within the 
experimental error. Zi 

Hillson ala0 gave an approximate expression for the root mean square 
devistion of the particles of the beam from their original straight trajectory due 
to multiple scattering, based on IYilliams calculation 3f sclatterine; (10). 
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The theoretical rate of energy loss wa8 checked by comparing 
ionization measurements in the monitoring and detecting chamber to beam ourrent 
measurements. If the beam is on f o r  a time interval t and we have the number of . deuteron particles "nn in the beam from Faraday cage readings, 

0 

1 .' 

where'Qf = total charge collected. 

Cf = capacity of cage leads to ground. 

A Ef - change in potential slideback. 
voltmeter 

ze = charge of particle 

From ionization chamber measurements 

b 

here QI = change collected in saturation current of ion chcunber. 

CI = capacity of  collecting electrode and leads. 

01 = potential change of slidebaok voltmeter during exposure. 

L I effective length o f  chamber, om of air. 

dEr rate of energy loss of particle per g air. 
dx e I density of air gcmo3 

The agreement between ionieation and component b o f  the beam 
intensitjr was excellent, confirming the theoretical values of dE within the 
experimental error. = 

I 

Mlson also gave an approximate expression for the r o o t  m e a n  8quWe 
devietion of the particles of the beam from their original straight trajeatory due 
to multiple scattering, based on Nilliams calculation sf scattering (10). 
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This formula was checked by measuring y 
the beam and placed behind various thicEsse8 of A1 absorbers. 
plates was measured with a photoelectric cell. 

. Photographic plates were exposed to 
The density of the 

. 
Experimentally ym a 0.8 om 

Theoretioally ynas = 0.4 cm 

The measurements will have to be further refined, and the validity of the 
deviation of the formula will have to be checked further. 

.* 

. The above measurements Were repeated on polysterene. They yielded 
generally the expected results, but wtll be reported later when more conplete data 
will be available. 
as compared to air s = 1.06) and with formulas (1) and (4) we have now enough data 
to determine the dose in any depth of animal tissue from ionization measurement 
in the monitoring ion chamber. 
rep units (1 rep - 83 erg g" tissue). 

With the aid of the stopping p m r  I (for tissue and polysterene, 

The dose may be conveniently expressed in 
Along the center of the beam the dose rate is 

where t = time. 
b 

I - ionization current. 
Io= background ionization current. 

€ =  energy per ion pair. 

S = 6t~pping power of tissue to air. 

. . 

tissue thickness (variable tissue thickness is denoted by x ) .  

a = area of beam aperture 

P(r,a) = area correction due to scattering 

I m effective length of ion chamber 

t e  = charge of particle 

I dsnsity of air 

dE 
( 

( dE ) 

)x=o = rate of energy loss in tissue of the high enerzy particles at x = 0 

- measured rate of energy loss (from Bragg curve) in tissue at x =r 
Q: x - z  

t I15050 



while t h e  dens i ty  of t he  p a r t i c l e s  a r r iv ing  a t  depth is  given b y 8  

. . 
.* 

where st = cross  sec t ion  f o r  i n e l a s t i c  c o l l i s i o n s  i n  t i s sue .  

3 W - number of atoms per am i n  t i s sue .  

The above r e s u l t s  show t h a t  even though deuteron beams a r e  s u i t a b l e  
t o  de l ive r  a somewhat s e l e c t i v e  dose i n  a deep ly ing  p a r t  of t i s s u e ,  i n  t h e  ease 
of t h e  190 MeV deuterons, t h e  r a t i o  of s p e c i f i c  i on iza t ion  between peak value and 
its value a t  t h e  skin i s  not  as favorable as was predicted fo r  protons by W i l S O n .  
90 Mev protons o r  380 Wv alpha p a r t i c l e s  seem t o  be more sui table .  
del ivered near t h e  end o f  the p a r t i c l e  range may be made rek t ive ly  l a rge  cmpared 
t o  t h e  dose received a t  t he  s k i n  by spec ia l  methods. 
conica l ly  converging beam with t h e  focus a t  t h e  peak o f  t h e  Bracg curve, This 
method would be expensive however. An a l t e r n a t e  method would cons i s t  of cross  
f i r i n g ,  t h a t  is of i r r a d i a t i n g  the same spot  i n  t h e  t i s s u e  from various d i r eQt ions  
by successive exposures o r  by rocking t h e  b io logica l  specimen around t h e  point  
where t h e  dose is  t o  be delivered. The da ta  given above only represent  t h e  first 
s t e p  i n  a planned s e r i e s  of measurexents i n  which t h e  proper t ies  of proton and alpha 
beams a l so  w i l l  be invest igated i n  a more prec ise  manner and i n  much more de ta i l .  

The dose 

One night  be ab le  t o  use a 

b t h h l  Ef fec t  of  t he  Deuteron Beam on Mice. 
t h e  beam i n  t h e  spot where t h e  mice were placed, (See P l a t e  I) The c i r c u l a r  blackening 

A photographic p l a t e  was exposed t o  

is  due t o  t h e  e f f e c t  of t h e  beam crossing t h e  plate.  
the  mioe  was put on t h e  "p shaped holder,  indicated i n  t h e  photograph, i n  such a Way 
t h a t  t h e  deuteron p a r t i c l e s  crossed the  body o f  t h e  mioe longi tudina l ly  and t h e  
densi ty  of deuteron p a r t i c l e s  was about constant throughout t h e  whole cross sec t ion  
o f  t h e  animals. 
almost a l l  deuteron p a r t i c l e s  w i l l  cross t h e  mice and come out s t i l l  having a high 
energy, 
energy being abo t 170 MeV and t h e i r  average energy loss per  gram t i s s u e  being 
about 7.2 Mev g om2. Because o f  t h e  high i n t e n s i t y  of the  deuteron beam, t h e  
individual  exposure t i m e  l a s t ed  only a few secondso 
t h a t  t h e  oyclotron beam is an in t e rmi t t en t  one. 
were 90 pulses of p a r t i c l e s  per second, each pulse l a s t i n g  f o r  10 micro seoonds only. 
S ix  groups of 25 mice each were exposed t o  t h e  deuteron beam, and four  weeks 
following bombardment, t h e  animals were examined f o r  rad ia t ion  e f fec t .  
shows the  percentage o f  mice surviving i n  funct ion of  t he  dose given i n  rep. 
5% LD appears t o  be 150 t 30 rep and t h e  mean time required for obtaining t h i s  do80 
was 15 secondso 
t o  be 675 r f o r  180 kv X-rays vAen t h e  exL3osuz-e l:>stad 2 hours, ORB might be tempted 

The bake l i t e  cyl inder  holding 

A glance a t  t h e  ranre  energy curve o r  t he  Bragg curve t e l l s  US t h a t  

Thus they were  exposed t o  uniformly high energy pa r t i c l e s ,  t h e i r  average 

-1 
One should keep i n  mind, however, 

Under t h e  conditions used, t he re  
z 

Figure 6 
'Phe 

* Since the  U, 50 f o r  t he  same s t r a i n  o f  Bacy Albino mice was found 

-1 *;The mean dose rate was 10 rep  sec  8 but t h e  instantaneous dose r a t e  during each 
pulse o f  beam mounted t o  about 11,000 r e p  sec"1, 
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t o  say t h a t  t he  effect iveness  o f  f a s t  deuterona compared t o  X-rays i s  4. 
probabi l i ty  t h i s  would be erroreous i n  vim of the f a c t  t h a t  da ta  obtained with f a s t  
neutrons by Dobson (12) ind ica t e  t h a t  i n  addi t ion  t o  spec i f i c  ion iza t ion  e f f e c t  there  
is  a time f a c t o r  involved too. 
neutron experiment was 90 mi l l ion  v o l t s  even though a considerable number o f  t h e  
protons had d i f f e ren t  energies. 
mi l l ion  v o l t  deuterons. With t h e  accurate  dose measurement ava i lab le  one would 
expect t o  g e t  t h e  same l e t h a l  dose f o r  protons as f o r  deuterons. 
dose turned out  t o  be about 675 rep when t h e  bombardment was given i n  two hours 
and 1300 rep when it was given i n  24 hour8. 
we have a d e f i n i t e  i nd ica t ion  t h a t  t h e  ex ten t  o f  l e t h a l  e fyec t  depends on t h e  length 
of time f o r  bombardment, t h a t  is on t h e  r a t e  o f  dosage. Z i rk l e  (5) has found t h a t  
fast neutron doses obtained i n  t h e  p i l e ,  using neutrons fror, uranfin . f iss ion,  were 
a l so  more e f r e c t i v e  i f  t h e  time of exposure was shorter .  
r e s u l t s  one should evaluate  t h e  l e t h a l  effects caused by deuterons i n  taking t h e  
dose r a t e  i n t o  account. 
function o f  t he  time of exposure. 
it is surpr i s ing  t o  see  t h a t  t h e  th ree  poin ts  obtained l i e  c lose  t o  a s t r a i g h t  line. 

In a l l  

The average energy of t h e  r e c o i l  protons i n  t h e  

90 b v  protons have t h e  same ioniza t ion  as t h e  180 

Horrever, t h e  l e t h a l  

If we a r e  t o  be l ieve  these  resu l t s ,  

In t h e  l i g h t  of t hese  

Figure 7 has t h e  U) 50 plo t ted  for Bagg Albino mice in 
The r e s u l t s  are p lo t ted  in a log-log cha r t  and 

b l u a t i n P  the rssul&,  vm discover t h a t  t h e  dose ci;.en i s  approximately 
proportionate t o  tho 4tI root-ofthe length of  t i m e  of b o m b a r d a r b  

1 
Lu 50 (t) - constant x t 

The weight loss of these  I OUpS of mice m s  also determined and the 
average weight l o s s  is ? lo t ted  i n  Fit. 8. 
(about six days) than t h a t  obtained with ID 50 of X-rays f o r  a taro hour bombardment 
(12 days). Blood counts were made on severa l  mice and t h e  da ta  ava i lab le  up t o  now 
ind ica te  t h a t  chances observed a r e  very s imi l a r  t o  those observed after exposure t o  
X-rays o r  neutrons. 
experiment revealed t h a t  most of them had typ ica l  s i p s  o f  r a d i a t i o n  daxrfip. 
mortem examinations revealed hemorrhage i n  some of t h e  animals and this added t o  OW 

be l i e f  that they died from rad ia t ion  injury. 
t h e  ID 50 with the beam up t o  atout t;vo hour exposure time, 
neutron backgromd becomes l a r p  enough t o  i n t e r f e r e  with t h e  r e su l t s .  
suggested t " a t  one might obtain h i r h e r  dose r a t e s  than the ones r e p x t e d  here  by 
exposing t h e  mice d i r e c t l y  t o  t h e  i n t e r n a l  beam of t h e  cyclotron. 
allow one t o  produce ID 50 dose i n  ahout 1/10 of a second. 

' t h e  mean t i m e  of death appeared t o  be less 

Gross examination o f  t he  animals during t h e  course of the 
Post 

The present  f a c i l i t i e s  permit US t o  tes t  
A t  t h i s  time the  f a s t  

Lo 7fe iUvaret 

T h i s  would probably 

Disoussion 
range of work t h a t  i s  being taken up using t h e  cyclotron as a b io loz ica l  research tool. 
One should say a t  t h i s  point t h a t  t h e  newness o f t h e  instruments and techniques make 
t h e  data  presented sonevkat unc5rtai.n and we expect t o  improve their cccuracy i n  the  

The above described experiments s i g n i e  only t h e  begiming of a long 

future. f 
I 

- Summary: 
producing b io logica l  e f f ec t s  was i n v s s t i c ~ t e d .  mere i3 a goad i a j i c a t i o n  t l i L t  f a s t  
p a r t i c l e  beems w i l l  becone precis ion t o p l s  i n  tho  stiidyv of t1;e I - i a lD- i ca l  e f f e c t s  Of 
r ad ia t ion  and i n  experimental tumor therapy. 
deuteron bem. on Bagg Albino mice was measured. 

The s u i t a b i l i t y  of t he  190 Hev deuteron bean as n SOi lrCE of r ad ia t ion  for  

The l e t h a l  c ' foc t  o f  t6e high energy 
The LD 50 was 150 rep  when the lenl$h 
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of exposure was 15 ~econds. 
proportionately t o  the fourth root of the length of exposure time. 

The LD 50 appeared t o  ehange approximately 

a It is a pleasure to thank Doctors John and Ernest Iawrenoe, . Dr. Robert Thornton and the cyclotron erew for their interest 
and Dr. Herbert Moffitt, Connie Treg i l lus ,  and Jean Luoe f o r  their a~sistanae~ 

nollaboration, 
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e SCHEMATIC DRAWING OF EXPERIMENTAL SETUP FOR IONIZATION 
MEASUREMENTS ON HIGH ENERGY DEUTERON BEAMS. 
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SCHEMATIC SETUP FOR MOUSE EXPOSURES 
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BRAGG CURVE OF DEUTERONS ON 184" CYCLOTRON IN ALUMINUM 

ALUMINUM ABSORBER THICKNESS, g./cm.* 
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BAGG ALBINO MICE. ACUTE LETHAL ACTION OF 190 MEV DEUTERONS. 
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Analysis of Micro-Composition of Biological Tissue by b a a s  
Uf Induced Kadioact ivi ty  

By Cornelius A. Tobias and Rayburn W. Dunn 

The use of  radioact ive isotopes as t r a c e r s  promises a wealth of informBtion 
regarding the  bioohemical r o l e  of most elements and t h e i r  oompoimds. 
radioact ive sample of t h e  element t o  be s tudied is  administered t o  t h e  p lan t  o r  animal 
i n  a convenient form, and its d i s t r i b u t i o n  and r a t e  of exchance a r e  determined i n  l a t e r  
assays. This technique has, however, c e r t a i n  l imi ta t ions ,  two  of which w i l l  be 
discus sed here. 

Usually a 

1. Radioactive isotopes a r e  not  general ly  useful  f o r  measurements of t h e  
coccentration o f  elements i n  t h e  body o r  i t s  parts.  
a measure o f t h e  r a t e  o f  exchange of  t he  elements. 
f o r  exam?le, t h e  measurement of t h e  t o t a l  body water by t h e  t r a c e r  d i l u t i o n  technique (l), 
Generally speaking, however, t o  t he  knowledge of  t he  authors,  no method has been 
desoribed u t i l i t i n e ,  r ad ioac t iv i ty  f o r  studying concentrations of elements i n  t i s s u e s o  
There are many inpor tan t  problems concerning t race* elements (2)  vhich involve h m l e d g e  
of t h e i r  d i s t r ibu t ion .  Some o f  these  elements, such as  Fe, Cu, Zn, and &I, are known 
t o  be e s sen t i a l  t o  l i fe ;  others ,  l i k e  B, A l ,  Go, and B r ,  are h o r n  t o  be prascnt, hut 
so far very l i t t l e  is  known about t h e i r  funotion. S t i l l  other8 are poisonous i n  minute 
quant i t ies ;  e.g., He, Sa, and Cd. One l imi t a t ion  i n  t h e  s tudy of t r a c e  elements i s  the 
f a c t  t h a t  microchemical o r  speotroscopic ana lys i s  is  no t  quan t i t a t ive  f o r  mst elements 
below 
and assay of microquantit ies of such e.l*mc?nts even i n  the  higher range. It would be 
des i rab le  t o  have nethods o f  analysis  which are accurate  t o  w e l l  't;elow loo7 gs s ince  
it scmm c e r t a i n  t h a t  much new in fomat ion  could then be derived concerning fhe 
biochemistry o f  t r a c e  elements i n  animals or p lan ts ,  i n  heal th  o r  diseaseo 

They can bs  used only t o  give 
There are exceptions t o  t h i s  ru le ;  

g and there  a r e  g r e a t  experimental d i f f i c u l t i e s  i n  carryin; out i d e n t i f i c a t i o n  

2. The use o f  radioact ive isotopes f o r  t r a c e r  experiments rcqiAires t h a t  
t h e  rad ia t ion  dose del ivered t o  t h e  tissue during t h e  experiment should be small i n  
order not  t o  d ip turb  normal biolo@.cal functions. The safe l i m i t  f o r  protect ion of 
hea l th  is considered t o  be 0.1 r e p per day, bu t  it i s  not  k n o m  xhcther O F  not  such 
a dose might produae important b io logica l  Changes. 
t0 keep the dose delivured by radioaot ive t r a c e r  isotope8 below t h i s  safe l i m i t ,  
If oar ta in  t i s s u e s  concentrate o r  s e l eo t ive ly  ahsorb t h e  isotopi,, it i s  sometimes hard 
t o  cvoid hizh d o s a p  of suah t i s s u e s  ddrhg a rad ioac t ive  * t raceru  experimento Another 
d i f f i c u l t y  is frequent ly  encountered with short-l ived rad ioac t ive  isotoyns; i f  the:. are 
t o  he used i n  a .tracer" mpbrjment involvine a considerable tim i n t e rva l ,  t h e  i n i t i a l  
dose Ilr,s t:, bo r e l a t i v e l y  hic::h i n  ordor t h a t  a t  the end of  the ex?erinent s u f f i c i e n t  
radioact ivi  

For t h i s  reason, 5% is advisa'tle 

iv i l l  be praseii t  f o r  netmurenor& 

The Iihnve 4x0 d i f f i o u l t i o s  encountercnr in t h e  study of t r a c e  elemencs may 
* I' be rernoved by using a very simple technique, Le. ,  t h e  ac t ive t ion  technique, 

em?loyed first f o r  t h e  purpose o f  miorochemical ana lys i s  of  t m c e s  o f  &allium in 
i r o n  by Sea%.org and Livingood ( 3 )  i n  1938. 
?evl0-.7ad by Clark and Overman (4), 

It was 

The chenical aspects of  t h e  subjec t  were 
The use o f  t h l s  tecI-,nip.e f a r  b i o l o z i c d  studies * 

----- ---- - 
a w n  - 

i r A 3 c "  elerrtents are atab le  cheniael dements ,  the present? or' d i i c h  ii? small 
quEintities is e s s e n t i a l  f o r  t h e  l i v e s  of p lan ts  and animals. 
::r s t ab le  isotopes of elements aui-takle for study of  t h e  bioohemiosl an2 p h y s i o l y i c a l  
--alz 3f each element or its compom6s. 

*'l'racersw a re  radiocrctive 

I I 150b,4 

http://Sea%.org
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* 
was begun by us e L r l y  i n  1947 ( 5 ) .  For k io loz ica l  expcrimentation t h e  a c t i v a t i o n  
technique may be used i n  more thsn one itaye 
of t k e  amount or oo::centration 3: vwf -1s tjpes o f  t r a m  elements is desired,  one 
minht take  e. s a r d l e  7 f  t'se t ir : , .w .3r ',i.:sue uxkract, y o c e s s  it i n  a convenient way, 
f o r  inste.io0, b -  tshi?-ip, then ose t ' ~  sanglo t o  a source of  nuclear p a r t i c l e s  
( for  exwple,  r :Ale or a cyclr-i.ron). 5evera.z o f  t h e  elenents present in t h e  sample 
will become radioactive. A f t e r  exposlim, thsmnount  of each radioact ive isotope 
forxed may be measured by standard radioohemical techniques. If one is  in t e re s t ed  in 
t h e  rad ioac t ive  isotope A, pxdimed from a t r a o e  element h i7klich was present  i n  t h e  
ori;.inal smple, one may first i s o l a t e  t?ie i so tope  A by aiidirL;c carrier amounts of 
A, together  wi;h smaller amoi?nts of ec.9.h o f  t h e  other  ole-vents which were or ig ina l ly  
>resent  i n  t r a o s  quan t i t i e s ,  end then separa te  A chemically. 
am?otrnd of  A "2.4' then be obtained, f , l c h  oan be used t o  measure and identif 'y i ts  
radixm'Avity,  z-.d t o  determiae i ts  absolute  d i s in t eg ra t ion  rate .  
Zr3cedv.re i s  ?sed, t -ese  da ta  should conform with t h e  es tab l i shed  data for pure 
radioisotope A. 
A from s t a b l e  isotope B i s  kriovm, and furthermore, i f  t h e  ? a r t i c l e  f l v x  F, t h e  t h e  
o f  exposure t, and t h e  time lapsed s ince  t h e  exposure a m  a l so  measured, then t h e  mass 
of t h e  element B o r i g i n a l l y  present i n  t h e  semple may be calculated from t h e  
f omula 

In some instajioes, where determination 

. 

A ptlre produot o r  

If the proper 

If t h e  uross-section for t h e  nuclear process which pr3duoes isotope 

*ere : x - unkno;.Jn Inass 
A - atomic veight  
B - Avogadro's m b e r  
F = ? a r t i c l e  flux 
n = d a c q  c m s t a n t  cf  induced raZioact5vi ty  
(51 cross-sect ion o f  "Bt' t o  form A 
t = l e n r t h  of time o f  exposure t o  neutrons 7 s  l enz th  cf  time elaps XI b e t w e n  neutron exposure 

and t i n e  nf measurerr,srit of rr.te of d i s i n t e g r a t i o m  
o f  t h e  chenioal ly  s e p r n t e d  s a q l e  nAn 

c = r & b  o f  d i s in t ez ra t ions  of s-?lc "A" measured a t  

? =  isotope zbundance of t h e  isotope responsible  f o r  
r) t iw-3  

*rrr 

4 
* c n  

9 
0" 

cn smdo containin: an mkno-;m tmoun t  mi' E m d  a reference s lacdard co i ta ln ing  a knbmn 

t h e  nuclear transmutation i n  B 

An alternative prooedure involves t h e  simultacoous i r rad ia t ion  o f  a . 
amomt  o f  Bo If the constants o f  i r r u d i a t i o n  are t h e  same f o r  t ! i e  two samples, t h e  
r . t i 0  of  their  indixced r a d i o a c t i v i t i e s  w i l l  ha t h e  same as  t%e rotio of  t h e  masses 
of the h o r n  and unknown samples. 
t :e  t o t c l  miss of the sample is so small t h a t  t h e  fract ion o f  par t ic1 .e~  absorbed by 
*; e smplc is small compared t o  t h e  o r ig ina l  number o f  p a r t i c l e s  i n  the beams 
i?e  ?resent time, the n o s t  convcn-!zr-t source for SUC' ac t lv tk t ion  expcrirnents is t h e  
slow neutron p i le ,  and t h e  m s t  prominent nuclear reac t ion  i s  r ad ia t ive  capture  of - .F -1 x u t r m s .  

? The above aoncentration r e l a t i o m h i p s  hold only if 

. A t  

I .  

A s l i g h t l y  d i f f e ren t  s i t u a t i o n  arises if one desires t o  s tudy  the 
c: 'str ibutim of a p a r t i c u l a r  element o r  a compound t o  whish the element is firmly 



. 

. 

1. 

8ttached i n  t h e  p l an t  o r  animal body. 
t o  t h e  animal a small o r  %race" amount of t h e  substanoe under study, in $fr B a b h  
form. After  waiting a s u i t a b l e  length of time, m e  may c a r r y  out  an aotlnrtSoa 
experiment, as described ab-. 
be ind ica t ive  of t h e  d i s t r i b u t i o n  of With t h e  he lp  of the ab- q6nida8 
one may then determine t h e  amount o PFlt e ement C ;>resent i n  each sample. w0 rinae 
t he re  i s  usua l ly  a small amount of element C present In sack p s r t  o$ the t l # 8 W r  even 
pr io r  t o  i t s  addi t ion,  one should separa te ly  determine t h e  o r ig ina l  amount md Oubtz'Rot 
it. 
This second aspeot of t he  ao t iva t ion  experiments r a i s e s  a questi?6: which i6 rmetimsll 
overlooked i n  t h e  s tudy of metabolism by mdam of  rad ioac t ive  t racer88  aamelyo t h e  
f a c t  t h a t  t h e  d i s t r i b u t i o n  of a rad ioac t ive  t r a c e r  depends a G r o a t  deal  on S f s  d i l u t i o n  
by the  inac t ive  form of t h e  same element o r i g i n a l l y  and e i t h e r  n o m l l y  or bb?NVdlY 
present in t h e  body, In t h e  s tudy of the  r a t e  of  bioohemical raactiaDI Of an element 
A, rad ioac t ive  t r a c e r s  of A a r e  o f  value only i f  t h e  amount8 of 4 present  In each Of' 
i t s  several  chemical compounds a r e  a l s o  known. This is exparibd i n  a general  theorem 
by Sheppard (6) and c e r t a i n  spec ia l  cases have been t r e a t e d  t h s o r e t i o a l l y  by one of 
us (7). 
aspects of t r a c e r  biochemistry. 

In some ca8es it is prac t ioable  t o  admSnirter 

The measurement of the  induoed m d i a a o t i v l t y  all 
e element. 

Thus one may obtain t h e  f rao t ion  of the t r aoe  dose which was present a t h e  rample. 

Thus t h e  method of ac t ive t ion  ana lys i s  has an important r o l e  la tho dyaamio 

One of  the  most a t t r a c t i v e  fea tures  of t he  method described ia thf8 
paper is  i t s  extreme sens i t i v i ty .  The formula ind ica tes  t h e  f ac to r s  inNwrro%ng t h i s  
s e n s i t i v i t y  and one may say t h a t  t h e  most important of t hese  is t h e  flux Qf W U f r O M .  
It has be s t a t e d  t h a t  t h e  flux of  slow neutrons in one of  t h e  Clinton p i b m  mounts 
t o  5 X 10 neutrons cmo2 sec-'. ksuming t h i s  f igure,  t he  sensi t ivi ty  of thir nethod 
a p p a r s  rumarkable, indeed, s ince  fo r  some elements it is about l,OOO t h e 8  gteahr 
than t h a t  of  any other  known method. Unfortunately, a number of  inporh~lt O ~ ~ R t 8  
produoe rad ioac t ive  isotopes with too s h o r t  a h a l f - l i f e  t o  be u s e h l .  S t a l k  t h e r e  
a r e  some 50 whose ha l f - l i ves ,  as well a s  ~ r o s s = 6 e ~ t i o n ~ ,  a r e  s u i t a b l y  large* 
of these  elements a r e  l i s t e d  i n  Table 1, toge ther  n i t h  t h e  minimum 
measured with 10 per oent a~ouracy .  
require apeoial  techniques f o r  each element , except those o f  radioohemtstrg.' PLrChermors, 
it is possible t o  s tudy t h e  concentrat ion of s eve ra l  elements ShultaneOWl$* 

Pf 

8amS 

One should emphasize t h a t  t h e  meMod 8#u not 
my be 

Experimental. 
s i x  months, wa8 in jec ted  in t h e  t a i l  vein with  100 pg of 8tabiO cold l a t h @  
sodium gold t h i o s u l f a t e  s a l t .  
sacr i f ioed.  
by v i sua l  inspect ion t o  be normal. 
selected.  

In order  t o  t e s t  t h e  ideas out l ined  above, one normal fmmb @QuSea a p  
Of ths 

On t h e  30th day a f t e r  i n j ec t ion ,  t he  animal 
Upon autopsy and d isseot ian ,  t h e  various organs of t h e  mu60 m p  ioud 

8. group of 19 representa t ive  sample6 W W  

In addi t ion,  20 ml o f  blood from a leukemic p a t i e n t  were mofi-044 
i n t o  plasma, white c e l l s ,  and red o e l l s ,  making a t o t a l  of 22 biologies$ S . t p b 8 .  
A 1 1  samples uere  w e t  ashed using aqua reg ia  and hydrogen peroxids. 
were taken t o  prevent contaminstion o f  t he  samples with fo l e igp  alamsntr. 

Rooaut%O!U 

Ea& sample was then i r r s d i a t e d  by slow neutrons i n  the Haafod p $ h  
After i r r c d j a t i o n  and 8: suitablo cocling period, t h o  ash was dissolved a g a u  &a 
aqua regia.  
curves from t h e  counting of t h e  l a i t o r  81% t o  be f o m d  ir, Figure 1. 
half-life of severa l  of t h e  t i s s u e  ash samples q s  found t o  

of t he  counting r a t e s  obtained on the  fourth day af'ter r e m o d  frm the pIL,  tb 

A small por t ion  m e  used t o  propare serqlos  f o r  counting, %?$ea1 deoay 
Tho effOOtt+s 

between $4 d 18 d s p ,  
whioh vmuld i nd ica t e  t h a t  t he  priroipal a o t i v i t y  58 due t o  ZJg By UlirY; M e  - 3 ~  

1 1  750bb 
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r e l a t i v e  a c t i v i t i e s  of 8everal  of t h e  semples were determined. 
t i s sues  of t he  mouse a re  s h a m  i n  Table 2, where t h e  samples a r e  l i s t e d  according 
t o  decreasing r ad ioac t iv i ty  per  mg of w e t  t i ssue.  A l s o  l i s t e d  a r e  t h e  a c t i v i t i e s  
per mg of estimated dry  ash. 
proportional t o  t h e  phosphcrus 
per mg dry ash weight is a lnos t  constant f o r  most organs, indicatin: t h a t  t h e  ash 
has a constant percentage of  phosphorus 

components appear. 
pa t ien t ,  shown in Table 3 ,  ind ica tes  an  interest in:  conclusion, iYnCly, t h a t  tho 
relative rad ioac t iv i ty  induced i n  t h e  white  o e l l s  per mg dry  eel, weight is about 10 
times a s  high as t h a t  induced i n  red o e l l s ,  or 50 times as  1 L:,:; as t h e  r ad ioac t iv i ty  
induced i n  t h e  plasma. 
radioact ive isotopes which are responsible f o r  t he  white o e l l  radioact ivi ty .  
addi t iona l  sample contained 10 pg of pure gold, a s  t h e  chloride,  and ano t t e r  WLS blcnk. 
The gold sm$e was used t o  monitor t h e  neutron f l u x  o f  t h e  p i l e  and t o  f'urnish E: stondard 
f o r  t h e  gold d i s t r i b u t i o n  s tudies ,  while t h e  o the r  sample was used t o  determine 
whether t he  impurit ies which might be dissolved from t h e  walls o f  t h e  tubes holding 
the  sarcples could influence t h e  r e su l t s .  
l a t t e r  sample was negl ig ib le  compared t o  t he  ones obtained i n  t h e  t i s s u e  ash smplcs .  
Besides determining t h e  gross r ad ioac t iv i ty  of t h e  ~amples ,  it m s  planned t o  s tudy  
t h e  d i s t r i b u t i o n  of gold and t h e  d i s t r i b u t i o n  of a number of other radio-isotopes 
which it was s u s p c t e d  would be formed after such i r rad ia t ion .  A guide f o r  t h i s  
work was given by the  r e s u l t s  of  Curt is  and Teresi (8), who h&d previously s tud ied  
neutron ac t iva ted  t i s s u e  ash with t h e  idea of determining what t h e  importance of 
induced r ad ioac t iv i t i e s  might be i n  t h e  biological  effects due t o  slow neutrons i n  
t h e  animal bodv. 
of gold, is now complete. 
studied. One reason f o r  choosing gold was t h e  considerable experience t h e  authors 
gained i n  t h e  use o f  these  isotopes i n  studying rheumatoid a r t h r i t i s  (9). 
us (R.D.) devised a simple technique f o r  quantitnkive separat ion and assay of radioact ive 
gold from t i s s u e  ash by means of e l ec t rop la t ing  (10). 

These data  fo r  t he  

. The r ad ioac t iv i ty  per u n i t  w e t  weight i s  roughly 
iontent of each ore;an, while t h e  r e l a t i v e  activity 

mesent. A t  t h e  end of 60 days t h e  . r ad ioac t iv i ty  of phosphcrus lecreased sukf io i en t ly  t o  make sone o f  the  longer l i f e  
'Phe rad ioac t iv i ty  of t h e  blood f r ac t ions  f rom a human leukemic 

Our a t t e n t i o n  is  now focused on i s o l a t i n g  t h e  d i f f e r e n t  
One 

The d i s in t eg ra t ion  rate obtained i n  t h i s  

The f i r s t  prlrt of t h i s  work, namely, t h e  s tudy of t h e  d i s t r i b u t i o n  
Other isotopes with longer half- l ives  a r c  s t i l l  being 

One o f  

' 

* .. 

Pr io r  t o  any chemical manipulation, a so lu t ion  containing 25 pg of each 
of t h e  following elements was added t o  each of  t h e  ac t iva ted  saq?les: 
Zn, Cd, He, Co, Se, As, Bi, Fc, and Cu. 
radioact ive isotopes present. i n  t r a c e  an~ounts. 
p rec ip i ta ted  as A $ L  
hydroxylamine hydrochloride so lu t inn  and heating. 
t he  gold was e leo t ropla ted  on platinum planchets. 
elermnts was subsequently ca r r i ed  out. 

Bu, Sr, Ba, 
These were t o  a c t  8s Barriers f o r  t h e  

To hse in  t h e  separation, s i l v e r  wa8 
After t h e  remova l  of Ag, gold was prec ip i ta ted  by adding 

Following repeated procipi ta t ion,  
Separat ion of mercury and o ther  

These da ta  w i l l  he reported later. 

Table 4 gives t h e  r e s u l t s  of t>!e d i s t r i b u t i o n  of rad ioac t ive  gold. 

2.3 per cen t  of  the Au inSccted was 

These 
p a r a l l e l  somewhat t h e  d a t a  ob a i l e d  previously, studying t h e  d i s t r i b u t i o n  of Au 196, 
which was in jec ted  intravenously i n  mice. 
recmered, wfiich ind iea t c s  t h a t  the r c s t ;  of it 778s excreted i n  t h o  one nonth poriod. 
An i n t e r e s t i n g  point arhiol. should 'rs noted, and one t h a t  c l e a r l y  illustrztes t h e  very 
po-;ierful p o s s i b i l i t i e s  which t h i s  technique ozfers ,  i s  shorn i n  Tablo 5, which l i s t s  
t h e  AU foil.:d i n  t h e  S h o d  of a ?elzkr:n;i.: ; -xtient.  Tke ComputAtioils give 14 pg qf' gold 
for the t o t ~ l  -hito dell volvme of t h e  body. To d e t e m i m  t h i s  s m l l  amount, OX needed 
onl:. about 10 cc o f  blood. A l l  of die -:Love dhta -re obtained i n  dupl ioate  snnples. 
70 per cent  of the de tenn imt ion  oheokd with in  10 per cent. 
r i t h f n  20 per oent. 
4 107 radiaaot ivi ty .  

The rest of thorn checked 
Each of t h e  samples obtained a l s o  showed sone Hg 124 and some 

It w i l l  be neoessary to  cheok on t h e  half- l ives  of these  samples 
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a 

before t h e  ac tua l  values w i l l  be reportedo 
of iron, zinc, and cobal t  is  being processed from t h e  same i r r ad ia t ed  t i s s u e  samples 
a t  t h e  present t i m e .  
s ing le  mouse and one person, and it should be clear t h a t  t h e  data  should not be taken 
as final, 

A second group of elements cons is t ing  

All of the  above da ta  have been taken from t h e  t i s eue  of  a 

Analysis of  a s t a t i s t i c a l l y  v a l i d  set  of samples w i l l  be necessary, 

Discussion. 
of t i s s u e  oonst i tuents  by induced r ad ioac t iv i ty  is  a very s u i t a b l e  technique fo r  t h e  
determination o f  ultramicro amounts of  a number of elements. 
t he  technique w i l l  play an important r o l e  no t  only i n  t r a c e r  biochex&jtry but  i n  
p lan t  nu t r i t ion ,  pharmacology, and toxicology as wel l .  

The above considerations and experimental data  ind ica t e  t h a t  mloroanalysis 

It is expected t h a t  

Summary. A technique f o r  t h e  analysis  o f  inorganic microcomponents of  b io logica l  
t i s s u e  by means o f  induced r a d i o a c t i v i t y  i s  described, Theoretical  implioations of 
t h i s  technique and i ts  connections w i t h  radioact ive t r ace r  methods are disoussed. 
Preliminary da t a  on t h e  r a d i o a c t i v i t i e s  found i n  a s e t  of neutron-irradiated t i s s u e  
ash sample are reporteds 
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wIaAwrm TRACE XULYSIS BY MEAIJS OF THE (n, 8 ) REACTION 
B s S m  NETJTROB FLUX 5 x 1011cmo2 sec" 

-- a- . -  
. u c m ;  -.I .i; S t m t i x g  Abundance of  Final  Decay x1~24 Minimum Amount 

Isotope p tW-1 8ection cm (10;; accuracy) 
a IC. mope Starting Isotope Constant Capture crgss measured g 

b 

. 

, 

I '  

- -  I__-- 

11 Na 23 100 24 1.3 loo5 0.4 1 x loo9 

4 low7 -3 
12 hfg 26 11.1 27 1.1 x 10 0 e 048 

13 A 1  27 100 28 4.7 loo3 0.23 1 x 10-8 

-a 

-9 

16  S 34 4 2  35 9.5 x 10'8 0.26 6 x lomg 

14 Si 30 4e2 31 6.8 x loo5 0911 2 x 10 

15 P 31 100 32 5.7 log7 0.23 1 x 1c 

17 C 1  37 24.6 38 3,1 loo4 0951 1 x lo'* 

19 x 41 696 42 1.6 loo5 1.0 1 lom9 

20 Ca 44 2 e06 45 4.6 x loo8 006 1 

-9 -10 

-10 

2 1  so 45 100 46 9.7 X 10 208 4 x :o 

25 k 55 100 56 7,4 10'5 12e8 1 x LG 

25 Fe 58 0.28 59 1.7 loo7 0032  4 x loDa 

27 Co 59 100 60 491 x 10 -8 0073 4 loe9 

29 cu 63  7001 64 l e 5  x 10 3 e 1  6 
-5 

30 Zn 64 50.9 €5 3,5 x loo8 0.51 2 10-9 

33 As 75 100 76 7.k x 10 -6 a, 5 4- x 10-10 

35 Br 81 49.4 a2 5.6 x loo6 2.25 I x Ioo9 

4s Cd 112 28.C 11s z.5 :c 10 11 eo  1. x 10==l0 

47 A s  107 51.9 108 3,6 x loo8 48.3 1 ia-lo 
-5 

-4 2 x lGeB - c  - . o -  i g  I 12 7 lCIC 12 8 e.6 :: 10 
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TABLE I1 

. 
* . 
. 

RELATrVE RADIOACTIVITY OF P W I A T E D  ASH 
Oh2 WEEK F O L L W I N G  EXPOSURE TO THERML h!"I'RO!S 

* 
Relative Activity 

Tissue ' Wet Weight, mg. Estimated Ash TAt.8 per m&. Per mg. 
mg. wet& .  a s h e e  - 

Bone 29.8 7.9 480 1,800 
fancreas 
Kidneys 
Thymus 
Spleen 
Ziver 
ara in  
Heart 
LLUlg 
b a r  ies 
Adrennls 
Lymph IJodes 
Kuscle 
2od Cells 
Gall Bladder 
Skin 
Tend on 
Gut 
Pkxrna 
Control Sample 

Tube (empty) 

17906 
305.6 

141.4 
1,458,8 

107.2 

21.8 

61.8 

426.1 

175.2 

11.6 
30.8 
70.4 

14.6 
lo%& 
5.4 

3,832.7 
0,15 ml, 

very small 

0.15 ml. 

309 
3.9 
O e 8  
207 

57 
608 
1.1 
2.1 
0.3 
002 
0432 
009 
3 
00 1 
501 
0.4 
64 
3 

very small 

60 
40 
39 
37 
35 
35 
3% 
32 
27 
25 
25 
24 
7 

1 4  
13 
10 
7 
0.4 

very small 

2,700 
3,100 
3,000 
2 0000 
900 

2,200 
3,200 
2,700 
2,000 
1 #SO0 
3,000 
1 , 900 
1,500 
350 

260' 
140 
440 
20 

very small 

*Mean of measurements on two samples. 

TABU3 I11 

RELATIVE RiLDIOACTI'TITY OF DZRADWT3D BLOOD A S H  
FROh! A PATIENT WITH L,yMpHOID LElJKXHIPI 
(one week after exposure to neutrons) 

I 

Tissue 
* 

Estimated Ash Wt.8 Relctive Activity 
mgo used in determination Per mg. ash wto 

1' Red Cells 

White Cells+* 

Plasma 

114 

8 

2 i o  

* Mean of measurements on two samples 
++ The white oells were prepared by centrifuging with beef albumene 

! 1 7 5 0 7 1  

1 

11 

oe2 
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TABLE IV * 
DISTRIBUTIOI? OF GOID I N  A MOUSE 

(I 
b 

Mass of  Amount of Au 197 Total  Amount of 
Organ i n  g per Q Wet Tissue Au 197 per Organ in g 

Monitor Gold 
Sample 10 x loo6 g 

-10 
Liver 1,458 404 X 10 g 640 x loo9 g 

ovary 00022 4.3 x g 9.5 1o09 

Thymus 0.062 3,2 x g 19 loo9 

Adrenals 0,012 3,l x g 3 0 ' 1  : IC-' 
u 

Lung 

Lymph Nodes 

Spleen 

Kidney 

Heart 

Bone 

Pancreas 

Skin 

0.175 

Os031 

0.141 
e 

0,306 

0.107 

2,600 

0,015 

30100 

2,6 x loo1* g 16 log9 

1.7 X & 24 

105 X g 1 6  10'~ 

1 0 1  x 10 g 290 loo9 

1 0 1  x 10 -10 g 1,6 loo9 

310 loog l e 0  x 10 g 

202 x 1oTl0 6.8 x log9 

-9 
1.6 x 10-l' 49 x 10 g 

-10 

-10 

-10 
Gs.11 Rladdcr 0.015 1.0 x 10 g l 0 5  10-9 

Tendon 0.050 0.7 x g 3.5 

h!us B 1 e 11.20 0.65 x 10-l' g 730 

Red t: Yfhite Cells 1005 , .  0.65 x g 69 loo9 
t 

Brain 

e -  

-4 

t/ u Gut 

OJ Plasma 
* E s  

0.502 002 x 10'10 g 10 

3.6 Oe09 x 10-10 g 32 loo9 

1.0 0.05 x lom1' g 5 

. 

hJ 1 Total 25,446 2276,s x 10'' g * 

OrN203$ O f  t o t a l  
in jec ted ,  

*lo0 rniorograms of s t a b l e  gold administered intravenously t o  a 
mourn i n  the  form of gold sodium thiosulphateo 
administration, t i s s u e s  w e t  ashed and i r r a d i a t e d  i n  t h e  Hanford P i le ,  
thc gold ras removed hi7 radioc.horr,iasl methods, i t s  h a l f - l i f e  and p- ray energy ve r i f i ed  

Kouse s a c r i f i c e d  30 days after 
Subsequently 

nna --..n+-a < - d. .ml  <no+- ararnnl -e 
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TABLE V, 

DISTRIBUTI@N OF GOLD I N  HUMAN BLOOD 
FRM A LEUKEMIC PATIENT 

Wet k s s  g 
(8s timated) 

g of Aulg7 
per g w e t  mass 

. 

Red Cells 130 

;.llhite Cells 2,585 

Plasma 2,650 

11 x 

0,4 x loa8 
0.07 x loa8 

UCRL 98 

Total Aulg7 
in  Circulation 
of Person 

14,3 x g 

10.33 x 10'6 g 

18.5 x loa6 g 
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111. BIOLOGICAL EFFECTS OF M I A T I O N  mOIC EXTEi?7'kL 
M a  Im!EI!xiL SOURCES 

R. S. Stone - i n  charge 

Projeot 40 C 

Universi ty  of Cal i forn ia  Medical School 

Henatological Ef fec ts  of Tota l  Body I r r a d i a t i o n  From 
External and Internal Sources 

- -- --- --- 

B. V. A. Low-Beer 

The objes t ives  of t h i s  program were discussed i n  thc previous 
Quar te r ly  Report (UCRL 41) 

The present  r epor t  dea ls  wi th  t h e  hematological changes observed i n  
pa t i en t s  t r ea t ed  f o r  a r t h r i t i s  wi th  rad ioac t ive  phosphorus adirinistered 
intravenously,  

!he  rad ioac t ive  phosphorus used m s  prepared i n  t h e  Orl: Ridye chain 
r e a c t i c -  p i l e  ard standardized a t  t h e  RLdiation Lahorntor;; i n  Ijsrkeiey. 
free 9' was used i n  these stirdies,  b-16 -:as made i so tonic  f o r  intra7,TeXous 
adminis t ra t ion  by t h e  add i t ion  o f  s t a b l e  sodium chloride,, 
var ied  from 250 microcuries/cc t o  550 microcuries/cco 
s p e c i f i o  ac t iv i ty  reported i n  t h i s  s tudy are due t o  lapse  of  t i m e  between 
preparat ion azd use of  material. 
by means o f  i r t ravenous adminis t ra t ion t o  ratso 

Carrier 

S p w i f i c  ac t iv i t ies  
The lower vcilves f o r  

h c h  preparat ion was checked f o r  t o x i c i t y  

Tatel  doses used on pa t i en t s  var ied from 3500 lnicrocnries t o  
Individual  doses var ied  from 500 t o  2OCO nicrocur ies ,  8000 microcuries,, 

administered a t  weekly i n t e r v a l s ,  except i n  t h r e e  p a t i e n t s  whose t reatment  
course had t o  be prolonged. f o r  c l i n i c a l  reasons, up t o  39, 40, and 41 days 
res poc tively. 

3Ladioactive phosphorus ?resent  i n  t h e  body was ca lcu la ted  as a 
funct ion o f  t h e  amount introduced p lo t t ed  aga ins t  exc re t ion  and decay, 
valv..es obtained by these  ca l cu la t ions  are ca l l ed  t h e  " rad ia t ion  level. whioh 
has been described i n  d e t a i l  by Doctors B. V, A. Low-Beer,, John H. Lawrence,, and 
Robert S. Stone in Radiolop;y, Novemher 194Za Some discrepancy may exist  betwsen 
r ad ia t ion  levels reported i n  t h i s  s tudy  and those  which have been described i n  
t h e  l i t e ra ture  s ince  t h e  l a t t e r  have been obtained from e x x e t i o n  s tud ie s  wi th  
c a r r i e r  free $2. Excretion s tud ie s  are now i n  prop-ess wi th  carrier free $2 
on some pa t i en t s  included i n  t h e  pres-,nt study, so tk? the quest ion of t h e  e f f e c t  of 
carriers on ra te  of excre t ion  can be detemizlad, F p m  t h i s  i n f o m a t i o n  t h e  t r u e  
rad-iation level f o r  carrier free F2 can 32 oalculated,  
level" expresses t h e  amount of  r a d i o a c t i r e  ma tq r i a l  present  i n  t h e  body a t  
any p a r t i c u l a r  time. 

Techniques used i n  these  hematological s t u d i e s  are t h e  same as 

The 

The t e h  " rad ia t ion  

c -2 . 'A ;..~..---+,.~i% * 

descr ibed i n  t h e  Pe P. Bo r e p o r t  exaept t ha t  blood - counts were not madeaaTly- 
- 
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on these  pat ients .  Counts were made each week, j u s t  p r i o r  t o  eash treatmento 
Af te r  t h e  treatment period counts were made once a week f o r  four weeks. than 
every two weeks f o r  two months, then once every four  weeks unless sane marked 
chmge was observed, i n  which case counts were made approximately once a 
weeko 

O f  t h e  21 pa t ien ts  t r ea t ed ,  4 were  men and 17 were wonen. The 
age range w8s 16 t o  67 years. 
50 and 67 years. 
long time t o  permit analysis  of  hematological chanps.  
bP discussed here, however, as  char t s  have been prepared f o r  these pat ients .  
(Table No. 1). 
later report. 

Pa t ien ts  Receiving 6000 - 7000 LUcrocuries of P 

Twelve of t h e  pa t ien ts  were between t h e  ages of 
Twelve pa t ien ts  have been under observation for a s u f f i c i e n t l y  

Only 10  of these w i l l  

The remaining 11 pat ien ts  i n  t h i s  group w i l l  be discussed i n  a 

32 - (Graphs 1 - 4) 

Total White Count 
P 

Four of t h e  10 p82ients considered i n  t h i s  repor t  received from 
6000 - 7000 microcuries of P . 
of t he  t o t a l  leucocytes and neutrophiles a f t e r  t h e  f i r s t  d m e  o f  P ”. A l l  4 o f  
t h e  pa t ien ts  showed beginning decrense i n  t o t a l  leucocytes, neutrophiles,  
lymphocytes and monocytes a f t e r  t he  second dosee These dezretiisos becme mwlced 
and reached the  lowest value a t  ahoiit t h e  40th day followizlg beg iming  of 
treatment. 

Two o f  these  pa t ien ts  showed an ‘ab r t i v e  r i s B n  

Recovery from t h e  leucopenia began between the 50th m d  70th days 
a f t e r  beginning of treatment. 
140th day a f t e r  beginning of treatment. 
decrease i n  to t31  leuocyte count, neutrophiles,  lymphocytes, and monocytes 
around the 200th day a f t e r  beginning of  treatmente In 2 of these p s t i e n t s  
count rose around t h e  300th day a f t e r  beginning of treatment t o  a value s l i g h t l y  
i n  excess o f  t h e  o r ig ina l  coiint. 
showed this rise. 

t h e  4 patients.  

Original values were restored around the 120th - 
Two o f  these pa t i en t s  s h m d  a second 

Both the neutrophi le  and lymphocyte counts 

The eLffect on t h e  monocytes was i r r e g u l a r  in 
In a l l  of these 4 nat ien ts  neutrophiles ar,d.lymphocytes showed 

- t h e  same quan t i t a t ive  effects .  

Lobe Index 

Three of  t h e  pa t ien ts  s1iowed marked decrease of t h e  lobe index 
beginning around t h e  50th day a f t e r  beginning o f  treatment and coatinuing 
throughout t he  observation period, which i n  these  pa t i en t s  was f r o m  350 t o  
400 days. 
i n  lobe index. 

* *  One of  the  pa t ien ts  showed a less marked hut  not iceable  decrease 

A l l  of t h e  pa t ien ts  sk.o-;ied moderate f luc twt i7 : i  cr” red c e l l  ax? 
heroglobin values during and i m e d i a t e l y  f o l l o d n g  t h e  t r ca tnen t  periodo 
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No significant changes were observed in the pocked cell volume in 
any of the 4 patients, 

Sedimentation Rate 

No significant .changes were observed in any of the 4 patients. 

Platelets 

All 4 of the patients showed very marked decrease in platelets 
at around the 60th day after beginning of treatment, followed by recovery in 
all cases. 

Prothornbin Concentration - 
No significant chances in prothrombin concentration were, observed 

in my af the 4 patients, 

Cholesterol 

No changes in cholesterol values were noted f o r  any of the 
4 patientse 

Patients Receiving 8000 Microcuries s2 - (Graphs 5 - 10) 
W 

Total White Clnunt --- 
32 Six patients received total doses of 8000 microcaries of P and 

One of the p a t i e n t s  showed a 
slirht abortive rise in total leucocyte count after the first dose. 
the patients showed a marked decrease in total leucocyte count wf.lich rehches 
its lowest point at about the 60th day after beginning o f  treatment, 
neutrophile count followed the tot21 leucocyte count in all of the patients 
while the lymnhocyte coiint in 4 patients was much more sharp ly  decreased than 
the neutrophiles. Monocyte co,Ynts shotvsd fluctuations in- all patients 
Recovery of the total leucocyte coiint, t h e  neutrophiles and the lymphocytes 
began about  the 70th day and vms corpletc ahout the 160th to 200th day 
after beginning of treatment. 
exceeded the original count. 
of treatment a second decrease in total leucocytes, neutrophilos and 
lynphocytes was observed in 3 of t h e  patients, 
urder observation long enough to deternine the full extent of this decrease 
o r  the time of recovsryo 

\?rere observed for periods f rom 230 = 400 days. 
A l l  6 of 

Tha 

In 3 patients the leucocyte co:int after recovery 
At about the 280th to 300th day after beginning 

These patients have not been 

Lobe Index 

Three of the patients s?iomd v-:sr.:ed des1.t: $6’  i n  lobe index, 
becixning dliring the treatment period m 3  cgi15i ‘>iii:lp “ ‘;i,rou 7hout the period 
of olx3ellrationo 

Erythrocytes and Henoglobin -- 
A l l  6 patients shorn~? moderate fluctuations in erj.throccyte count 

and homoglobin concentration throuyhout the observation period. 
changes in packed cell volume were observeda 

No significant 
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. 
Sedimentation Rate -- t 

No significant changes were observed in any of the patients, 

Platele ts 

In 4 patients marked decrease in platelet count was o3scrved, 
starting during the treatment period and followed by recovery which began 
around the 60th day after beginnin? of treatment, 
around the 240th = 280th day, 

Recovery was complete 

Rothrombin Concentration 

No significant change8 were observed in any of the patients. 

Patients Treated with Total Body X-Ray Irradiation - (Graphs 11 - 13) 
During the period covered by this progress reprt, observation 

of 6 patientsopreviously treated with total body x-ray irradiation was 
continued. The only noteworthy feature in these patients' hematological 
reaction was the fact that in 3 of these patients the lobe indices continued to 
decrease till the last observation on t h e  Sooth, 1180th, and 1220th day, 
respectively. 

In this report period 5 new patients have been sthrted on @2 
Excretion studies are being made on each of these patients. treatment, 

* 



4 5 -  UCRL 98 
D 

Q 

r( 
4 

2 

0 
0 
0 
03 

6 
a 
% 

0 
0 
0 
to 

a 

P 
9 
s 
6 
A 
ZL 
9 

D 
A 
Q; 
'CI 

R 

8 
0 co 

a 
A 
d 
rl 
lx 

0 
0 
0 
to . 

0)  

i %  
n c  
c - 4  a 

E 6 E r- 
lx 
9 cc tc 

Et tc E E E E bc 

c, w 8 
53 

rc E Q;, E pc 

* 

8 c, 
f ' :  

8 
u 
< -  

an 9 a 6 4 
U, 
m 



-. . - -  

a 

c 

Graph I - Patient # 34 
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Graph 111 - Pot ient # 41 
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Metabolism and Effec ts  o f  Radio-Iodine (I131) 

Earl  R. Uiller 

131 From January 1 t o  March 31, 1948, 140 mi l l i cu r i e s  of  I 
was received each month and was administered t o  34 pa t i en t s  a s  f o l l o m r  

Tracer doses only (250 miorocuries o r  less)..,......l6 

Test  doses (up t o  2000 microcuries per d~se)~ . . . . . .  5 

Tracer and therapeut ic  doses........000..0.........12 

Therapeutic doses alone.........O.....~..~~e~Doo.oe 1 

On oer t a in  of these  pa t ien ts  t he  following s t u d i e s  were 
made t 

1. In vivo measurement of uptake of 1131 by t h e  thyroid gland 
as a funct ion of  time following adminis t ra t ion of  t he  dose. 
were made several tines d a i l y  over a period of 48 hours. 

Measurenents 

131 2. Excretion of Iodine i n  t h e  u r ine  over t h e  same period 
of time. 

In addi t ion  t o  t h e  above rout ine s tud ies ,  spec ia l  neasurements 
and procedures were done i n  se lec ted  cases as  follows8 

1. Autoradiographic s tud ie s  were made on t h e  thyroid glands 
of t en  pa t i en t s  who had received t r a c e r  doses of iodine a t  l e a s t  24-hours 
p r io r  t o  surgery. 

2. Boutine blood counts and ur inalyses  were done on t h e  two 
pat ien ts  with oarcinoma of t h e  thyroid who had received 25 t o  50 m i l l i c u r i s s  
of radioact ive iodine severa l  months previously. 

3. 

non-toxic noduxar goi ter .  

surgeon was able  t o  estimate the amount of thyroid l e f t  i n  t h e  neck a t  operation. 
One of t h e  s i x  pa t i en t s  had no measurable uptake of radioiodine i n  t h e  neck 
preoperatively, and t h e  specimen removed l i k w d s e  skcmd no ac t iv i ty .  
another instance t h e  da ta  were inconclusive s j m e  only a tin: nodi le  of t i s s u e  
was removed from the  necko and the  najor ?ort ion of  t h e  yiand was l e f t  i n t ac t .  
In only four  of  t h e  s i x  cases was a s a t i s f a c t o r y  comparison possible  between t h e  
amount measured i n  vivo, and t h a t  contained i n  t h e  surg ica l  spocimen, 

The amount of radioiodine i n  the  thyroid gland was measured 
just before surgery i n  s i x  pa t ien ts  who underwent sub to ta l  thyroidectomy f o r  

9 f d i a t e l y  a f t e r  operation, t h e  removed t i s s u e  was 
weighed and i ts  content of I was measured. In a l l  but one instance,  t h e  . 

I n  

* 
c s 15044 
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Assuming a homogeneous d i s t r i b u t i o n  of 1131 i n  the thyroid,  t h e  
folloviing re la t ionships  w i l l  obtain8 

13 1 lFt. o f  removed spec. Microcuries I--, removed i n  spec,, 
Total  w t .  of gland Microcuries I*"* i n  t o t a l  gland E 

The t o t a l  weight o f t h e  gland is determined by adding t h e  weight of  t h e  removed 
specimen t o  the  estimated weight of t h e  t i s s u e  remaining i n  t h e  neck. 

1 0  2. 30 4, 
1. Weight of  removed 

s p e c i m e n . . . g r a m s . , . . . e . . ~ ~ . ~ . ~ ~ . . . . . ~  22 5.5 20,5 23* 

2. Estimated wt. of  
t i s s u e  left i n  situ...o........ln..O. 0 2  2 10.5 ? 

3. Estimated t o t a l  wt, 
of thyroid..........O. ............... 24 7.5 31 

i n  neck pre-operatively.... .......... 10 55 52 63 
4. Total  microcuries measured 

8 

5. Total  microcuries neasured 
i n  removed specimen..O.......P......O 8 42 35 24 

* 6. Predicted microcuries i n  t o t a l  
gland based upon (l), ( 3 ) ,  & (5) ..... 8,7 57 53 -(.. 

7. % errfir betxeen observed and 
predicted t o t a l s ,  (4) & (6).......0.. 13 30  7 1.: 14.3 

* 
and the measurement m s  corrected f o r  decay t o  correspond w i t h  the measurement 
of  t h e  specimen 48 hours previously. 
t h i s  pa t i en t  post-operatively and it seems reasonable t h a t  part  of  t h e  apparent 

The pa t ien t ' s  neck was n o t  measured unt i l  t h e  second post-operative day, 

No s tud ie s  o f  u r ina ry  excre t ion  were done on 

t e r r o r  may have been due t o  loss of iodine through excretion. 

The percentage e r r o r  i n  t h e  above data,  represents  i n  p a r t  t h e  e r r o r  
inherent  i n  our method8 of measuring Il3I i n  t h e  thyroid gland i n  vivo, snd i n  p a r t  
t ha t  due t o  e r r o r s  i n  es t imat ing t h e  weight of t i s s u e  l e f t  i n  situ a t  operatione.  
Wen t h e  amount of t i s s u e  remaining in t h e  neck is small, e r r o r s  i n  e s t i m t i n g  t h e  
weight o f  t i s sue  l e f t  i n  s i t u  a t  o?eratior., i%rm t h 3  m o u n t  of  t i s s u e  Perminine; 
i n  t h e  neck is s m a l l ,  e r r o r s  i n  e s t ima t - .  
other  hand, when t h e  amounts o f  iodine cmta lned  i n  %he t A o l  sFecinen are 
r e l a t i v e l y  s m a l l  , a grea ter  p s r c e n t e p  e r r o r  occurs i n  countini;b 

sf tissue i;efr!'t &re sislstlle Qri t he  

Since t h e  pa t ien ts  used i n  t h i s  s tudy  52ad nodular goiters, i-t; 
i s  probable t h a t  there-  is a n  inhomogeneous d i s t r i b u t i o n  of  radioiodine 
throughout t h e  elands and t h i s  fact, m s  demonstrated autcradiograFhical ly  i n  
two cases. 6 However, the  hz te rogenic i ty  of the  iodine d i s t r i t u t i m  i n  t h e  
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. 
removed specimen and i n  t h a t  which remained in t h e  thyroid a r e  probably not g r e a t l y  
di:, s i n i l a r  . 

? 

such observations have been gathered. 

It i s  impossible t o  draw wide conclusions from so small a series o f  
cases, however, it i s  intended t h a t  t h e  problem be fully appraised a f t e r  many more 

Physical Studies.  

In t h e  past th ree  months, t h e  oounting equipment has been cheoked d a i l y  

hihe GM before uork is begun. The threshold vol tage and plateau oha rac t e r i s t i c s  o 
tube are determined, as a r e  its responses t o  known amounts of  Radium and I 
In addi t ion,  t h e  folluwing spec ia l  s tud ies  Save been oar r ied  o u t s  

,, 

f 8 P '  1. The e f f e c t  of va r i a t ions  i n  t h e  discr iminator  s e t t i n g  of t h e  
upon t h e  number of counts pe r  minute obtained from various fixed amounts o f  I end 
upon plateau oha rac t e r i s t i c s  of GM tube,  
appeared t o  be of s ignif icance,  were la ter  found t o  b eaiisc3 by dofeets  within t h e  
tube i t s e l f  .) 

(The l a t t e r  observations which a t  f irst  ' 

2, Altera t ions  of t h e  res i s tance  within t h e  pre-amplifier c i r o u i t  
and r e s u l t a n t  e f f e c t s  upon number of counts and upon osc i l loscopis  t rac ings  from 
known souroes of radiation,, 

3. Studies  of t he  re a t ionship  between various volumes of sample 
containing constant amounts o f  1li1 and t h e i r  dis tances  from the GEI tubeo 

Bot t les  of four  sizes were used, 13, 23, 33, and e0 CC. Three b o t t l e s  
of each s ize  were employed and contained approximately 1, 2,  and 9 mil l i cu r i e s  re- 
spectively. 
of 20, 40, 60, and 80 em,, From t h e  da ta  obtained it may be sthked, b r i e f l y ,  t h a t  
when t h e  various samples are measvrad a t  dis tances  of  from a0 t o  80 cm, it is not 
possible t o  d is t inguish  t h e  d i f fe rences  i n  s ize  of t h e  so:irceso 
preliminary sti idies done more recent ly  s i i g ~ a s t  t h a t  t he re  is a s i e n i f i c a n t  d i f fe rence  
i n  t h e  number of counts obtained from t h e  same qizantity of' radioiodine contained 
i n  13 cc and 60 cc b o t t l e s  when measured a t  a dis tance  of less than 10 CEO 
may u l t imate ly  be possible  t o  es t jmate  t h e  size of t h e  source by measuring the Same 
sample a t  a short (under 10 c m )  and ci r e l a t i v e l y  lone (20  t o  80 cm) distanoeo 
Again, fu r the r  s tudy is required and is  now i n  progresse 

Measurements of each of t h e  twelve b o t t l e s  Were t aken  8% distancrss 

Hox-ever, 

It 

4. Absorption curves were prepared under var ied circumstanecs, with 
small and l a rge  sampleso measured a t  s h o r t  nnd long d is tanceso  
e f f ec t s  of  severa l  mater ia ls  were studied as follows8 

grams pe r  square om, but t h i s  funct ion i s  d i f f e r e n t  f o r  d i f f e r e n t  mater ia l s ,  i. eo, 
mater ia ls  of lower atomic number ahoorb less per u n i t  mass per sq?Iare Cen the teP  
than do materials  o f  high atomic nwrber. 

The f i l t r a t i o n  
lead, capper, paper, prostmode - 

* The amount of r ad ia t ion  absorbed by each f i l t e r  mater ia l  is a funct ion of m8Ss in 

5. Stu&of changes i n  the  number of counts 1 3 ~  ninuts  obtained from 
a Lmomn amount of I 
v a r i o u s  amounts of water ac t ing  as  a backscatterin: medium and f i l t e r a  

when a suspended sarple  i s  measured i n  a i r  and measured w i t h  
' ' '' 

60 Determinations o f  t h e  number of counts per minute l o s t  through 
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coincidence, a t  various levels of a c t i v i t y s  

7, An attempt was made t o  determine t h e  e f f ec t s ,  i f  any of reversing 
posi t ions o f  two f i l t e r s ,  one lead, t h e  o ther  alminums 
were observed i n  t h i s  instanceb 
be studied firthere 

souroes o f  1''' i n  an e f f o r t  t o  determine time necessary to produce de tec tab le  
blaokening for var iab le  amounts of iodine. 
i n  an attempt t o  c a l i b r a t e  it for possible  u s e  i n  dosimetry. 

No demonstrable e f fec t s  
Since others  have observed such e f f ec t s ,  t h i s  w i l l  

Preliminary s tudies  were begun on t h e  exposure o f  film t o  gross 

This method i s  t o  be s tudied f 'urther 
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Pro jec t  48. 

Health Chemistry 

N.B. Garden 

Further  procress on the  development of equipment and tect;niques, whose 
purpose i s  t o  accoEplish t h e  goal of absolu te  con t ro l  and t rapping of r ad ioac t ive  
substances, has t sken  place during t h i s  quarter.  Emphasis has been on s impl i c i ty  
i n  design of t h e  equipment wi th  t h e  ob jec t  i n  mind of i t s  decontmirLatabi l i tyD 
reproducib i l i ty ,  and universa l  use. An attempt i s  being nade t o  e l iminate  the  
c rea t ion  of equipment f o r  spec i f i c ,  i eo l a t ed  performances b u t  t o  rmke p a r t s  and 
accessories  which are interchangeable. This attempt i s  i l l u s t r a t e d  i n  cer ta i l i  
aspects  of t h e  new lead-shielded plozed hood nor; under construLaticn, 

Further  progress c m  be seen i n  t h e  el iminat ion of c o n t w i m t i o n  i n  
t h e  l abora to r i e s  due not  only t o  t h e  increased use of gloved boxt.. 7 - w  t o  t h e  
impro-xmnt i n  the  l ess  spectacular ,  rou t ine  techniques,  such as S n  mora detai led 
planning i n  t h e  handling of t a r g e t s  and t h e  accessories  in%-clved therein, t he  
making r e a d i l y  ava i l ab le  of small containers ,  t r a y s ,  tongs, m d  otfin.; b r i d l i n g  
equipment which a l l  help t o  e l imina te  no t  only t h e  occurrence of r.ont:J-.;rFtion 
bu t  a l s o  the  rece iv ing  of r b l i a t i o n  by t k e  personnel involved. 
less and less need f o r  rou t ine  non i to r in r  and surveying, mort t im ha& b+:one 
at-,ilable f o r  a n t i c i p a t i n g  t h e  needs of t h e  chemist i n  t h e  l i n e  c f  srLii*2.1 details, 
which, by necessi ty ,  because of lack  of t i m e  and personnel, h z 3  t.. .-r*rs o? 
less by-passed i n  former days. 

5 j t k  tl L' a b x n t  of 

Developmnt durinp t h i s  qu-r ter  i n  addi t ion  t o  t h r  glo-red hood6 arid 
t h e i r  accessor ies  has been t h e  accession and readying of a v e l c x t c r  f o r  ai?- 
flow measurement further q l m e r  cclium developments, a ner.: t.arZct Esse I i fn ly  f o r  
t h e  60-inch cyclctrcn,  and a t i g h  temperature furnace f o r  spectrum anal;-sis o f  
rad ioac t ive  isotopes.  

The c o l l e c t i o n  and dispose1 of rad ioac t iv .  vraste continued t c  be 
The contaminated m t c r i a l  ir, t h e  isily 2bdI adequate f o r  the  present  needs. 

i;iiarehouse, Oaklarid, numbering apprcximately one hundred f o r t y  i t m m  an3 weighing 
ind iv idua l ly  from one t o  around t e n  thousand pounds, has bee3 packaged and fs 
being disposed of a t  sea, f o u r  t r i p s  being required,  

I 

B cent.ra1 s tock  of cur1-iiytly-mused i so topes  i s  'raing c o l l e c t e e  fn 
Bldg. 5, xh ich  i so topes  are ava i lnb lc  for  use by ayroge dc,birifiE them. 
t ior ,  t o  t h i e  stock, records C Y ~  c-' ; .xi27 . -  ered r+-pr2ir- fk: - :CS ' I~CC 

of o ther  isoto?,es or1 t h e  Fro jec t ,  iri.-iq 0- T 1 :@!I arc e,-xllatole on r-,?:>cste 

In addi- . .  

1 

The chart of F i p r t .  1 i l l u s t r a t e s  t\e set-up of the E-eczltl? 'C~c~c?liEtmd7 
Organization. It i l l u s t r a t e s  t h e  personnel ass igned to each of the thrm d i d -  
S i O i l S  of activity, showing s p e c i a l  r e s p o n s i b i l i t i e s  w i th in  t h e  grOUFj 
important f a c t  i l l u s t r a t e d  i s  t h e  overlapping of d u t i e s  among t h e  thrm ~FOUPS. 

an equal ly  

75098 
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This i s  G f  necess i tybecause  of t h e  smallness of the group and because of t h e  
r e k t i o n  of a c t i v i t i e s  and necess i ty  of cooperation amoung t h e  groups, 
chart is in no way o f f i c i a l  o r  permanent bu t  merely serves  t o  show what set-up 
has taken shape and been i n  prac t ice  with good success for some months and will 
so remain f o r  t he  present time, 

T h i s  

Bealth Physics 

B,J, Moyer 

Aside from rout ine  matters of monitoring areas and personnel, there  has 
been a problem of va r i a t ion  of s e n s i t i v i t y  among various l o t s  of film used in 
personnel f i l m  badges, 
film (all ostensibly t h e  same) a separa te  c a l i b r a t i o n  curve f o r  t h e  photometer t o  
oonvert dens i t i e s  i n t o  readings of dosageo 

It has been found necessary t o  provide wi th  each l o t  of 

Data are being accumulated on t h e  r ad ia t ion  f i e l d s  of t h e  l i n e a r  
accelerator ,  and of t h e  cyclotron as i t s  shielding i s  being augmented, 
cussion of t h i s  may be incorporated i n  a following quarterl: report .  

A dis- 


