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CIlAPTER 1 

INTRODUCTION 
-a- 

T h i s  document is t h e  second semiannual  report of t h e  

research a c t i v i t i e s  of t h e  B i o l o g i c a l  and Medical Research 

Group of t h e  Los Alamoe S c i e n t i f i c  Laboratory's Hea l th  

Div i s ion ,  and c o v e r s  t h e  period from January  1 th rough 

June 30, 1960. The report  c o v e r i n g  t h e  p rev ious  p e r i o d  was 

i s s u e d  81 Los Alamoe S c i e n t i f i c  Labora tory  Report  LAYS-2445 

(February 1960) . 
During the p r e s e n t  period, t h e  Group expended cons ide r -  

a b l e  e f f o r t  on p r e p a r a t i o n s  for f i e l d  exper iments  i n  connec- 

t i o n  w i t h  P r o j e c t  Rover, which is LASL's program of develop- 

i n n  and t e a t i n g  n u c l e a r  p r o p u l s i o n  reactors for r o c k e t s .  

Group's p a r t i c i p a t i o n  w i l l  c o n s i s t  of measurement of neu t ron  

and g8mma r a y  dose ra tes  and i n t e g r a l  doses, under s h i e l d e d  

and free a i r  c o n d i t i o n s ,  from K i w i - A  Prime and K l r i - A  111. 

P a r t i c i p a t i o n  also w i l l  i n c l u d e  h e l p i n g  Group H-5 w i t h  s t u d i e s  

of f i s s i o n  p roduc t  release and  f a l l o u t  contaminat ion .  

The 

No 
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a t tempt  is made i n  the  Group's semiannua l  r e p m t s  t o  cover  

corppletely t h e  progress on these p r o j e c t s .  

deliberate, because occaafonal ly  classified information its 

Involved and t h e  p r o j e c t s  are budgeted through the  Rover 

program and not  th rough t h e  Divl8ion of Biology and Medicine. 

AS t h e  s t u d i e s  are completed, t h e  information w i l l  be made 

a v a i l a b l e  through a p p r o p r i a t e  i n t e r im  and final reports,  

This omission is 

Adminis t ra t ive ly ,  tbe '  moat important development d u r i n g  

the prement report period was t he  occupancy of t h e  new 

$325,000 a d d i t i o n  t o  tho experimental  animal q u a r t e r s  (8ee 

Chaptor 7 ) .  

As in t h e  previous  r e p o r t ,  the Group'a act i r i t ier  have 

been d iv ided  i n t o  mix broad catogorier: biochemi8trp, low- 

l e v e l  count ing ,  o rgan ic  chemistry,  radiobiology, radlo- 

pathology, and v e t e r i n a r y  s e r v i c e s .  Tho a c t i v l t i e m  of o r c h  

of these section6 c o n s t i t u t e  a c b p t s r  of t h i s  report. 

The perronnel  of t h e  Group, am of t h e  oad of the present 

report period, t h e i r  q u a l i f i c a t i o n s ,  c l a r 8 l f i c a t i o n ,  Pad 

Group and Sec t ion  a f f i l i a t i o n  are shorn by t he  fo l lowlag  

table of organ iza t ion .  

t 0 4 b b 0 8  
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CHAPTER 2 

2 by- 
I C O P ) e t e r s  (3. E. Furchner ,  C.  R. 
Richmond, and G. A .  T r a f t o n )  

e d i c i  

t i o n  

Rt - 

INTRODUCTION 

Reten t ion  of Ca137 hy mice fo l lowing  a c u t e  oral  in tuba -  

can be expressed by 

-0.1474t 
39.09 e -1*S260t + 43.27 e -0'3360t + 17.69 e 

where R t  is the  whole body r e t e n t i o n  a t  any t i m e  t ,  e is t h e  

base of n a t u r a l  logarithms, and t h e  c o e f f i c i e n t  and exponent 

of each term are t h e  i n t e r c e p t  and  rate c o n s t a n t .  I n t e g r a -  

t i o n  of t h i s  f u n c t i o n  from to t o  tn shou ld  p r e d i c t  the  amount 

r e t a i n e d  a t  any t i m e  (t,) d u r i n g  c h r o n i c  exposure. 

p r e d i c t i o n  shou ld  be of Importance In de te rmin ing  maximum 

permlaslble body burden (YPSB) and maximum permissible 

Such a 
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concen t r a t ion  (MPC) v a l u e s  f o r  c o n d i t i o n s  of chron ic  orpomure. 

These values are almoit i n v a r i a b l y  bared on prrawtor8 obta lned  

from small an imals  fo l lowing  a c u t e  expomure, Conceptual ly ,  

however, conditiooll of c h r o n i c  e x p m u r e  are i n h e r e n t  t o  t h e  

c a l c u l a t i o n 8 .  

METBOD9 AND RESULTS 

Female RF mice (average weight 20.8 g) 89 day8 old 8t to 

were uaed in both the  ch ron ic  and a c u t e  expwuros. The mice 

were maintained i n  plastic cages, each con ta in ing  2 mice. 

The 12 mice in e8ch group had free accesr t o  water and Purim 

l a b o r a t o r y  chow dur ing  the  cwurbe of tho experiment. The 

acute expwures were made by or81 admin ia t r a t ion  of 0.89 IC 

of Ce13' as the chloride in a 801ut ioo  of pE 5 ,  

exposure8 were administered by contaminating the animala '  

drinking water wi th  0.012 pc Cs13' por ml. 

The ch ron ic  

Figure 1 8bors the  rotention of Cml3' following an a c u t e  

expmure. An i t e r a t i v e  least square computor a n a l y s i r  re- 

so lvod  tho data i n t o  3 components. Figure  2 shorrr t he  pro- 

dictod o q u i l i b r i u r  l e v e l s  derived from an Intogration of o r c h  

component and t h e  whole body equ i l ib r ium lovo l  obt8inod by 

summing t he  in t eg ra t ed  c a p o n o n t r .  Tho po in t8  roproaent t h e  

actual meaaurerentr obta ined  by r h o l o  

-10- 
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1 

TIME (DAYS) 

Fig. 1. Retention of Cs13' in mice after s ing le  acute oral 
administration. 
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c . .  . _ I .  ._ *.. , .h , -. 

A comparison of t h e  measured p o l n t s  and t h e  line rep- 

r e s e n t i n g  t h e  summed i n t e g r a l s  (Fig. 2) shows t h a t  t h e  

e q u f l i b r i u m  retention l e v e l  w a s  a c c u r a t e l y  predicted from 

t h e  a c u t e  exposure data g iven  i n  Fig. 1. The approach t o  

equ i l ib r ium,  however, appeared t o  be a t  a s l i g h t l y  s lower  

ra te  than  p r e d i c t e d .  

c o n s t r u c t e d  such  t h a t  t he  e q u i l i b r i u m  l e v e l  is equa ted  t o  

100 per c e n t  ( f o r  example i f ,  a f t e r  equ i l ib r ium is reached 

a n d  c h r o n i c  f e e d i n z  is stopped, t h e  p r e d i c t e d  i n t e r c e p t  

v a l u e s  of t h e  r e t e n t i o n  f u n c t i o n  a r e  9.3, 43.7, and 47.0 p e r  

c e n t ,  r e s p e c t i v e l y ,  as compared w i t h  those shown i n  Fig. 1). 

The r i g h t  hand o r d i n a t e  of Fig .  2 is 

The d e c r e a s e  i n  whole body a c t i v i t y  a f t e r  withdrawal  

from c h r o n i c  exposure  t o  Cs13' is being observed f o r  com- 

p a r i s o n  of the predicted t o  t h e  a c t u a l  change i n  r e t e n t i o n  

w i t h  time. S i m i l a r  s t u d i e s  of predic ted  and a c t u a l  e q u i l i b -  

r ium l e v e l s  w i t h  "bone-seeking" i s o t o p e s  are  planned.  

-13- 
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E E  (J. E. 

Furchner ,  C .  R. Richmond, and G .  A .  T r a f t o n )  

INTRODUCTXON 

The c o n c e n t r a t i o n  of potass ium per u n i t  weight  i n  humans 

and i n  ra t8  ham been reported t o  v a r y  w i t h  age (1). It may 

be r e a s o n a b l e  t o  e x p e c t  these v a r i a t i o n s  t o  be due t o  metabolic 

f l u c t u a t i o n s  concomi tan t  w i t h  age. If t h i s  assumption is 

correct, o t h e r  u n i v a l e n t  c a t i o n s  may be e x c r e t e d  at age- 

dependent  rates. 

These implications, i n  a d d i t i o n  t o  o f f e r i n g  a p o s 8 l b i l i t y  

of a measure of p h y s i o l o g i c a l  age, may alao n e c e s s i t a t e  a 

more tho roueb  c o n s i d e r a t i o n  of age factors rhea d e t e r m i n i n g  

maximum poraie6ible c o n c e n t r a t i o n  (MPC) and u r f rm permis- 

sible body burden (MPBB) v a l u e s .  In ardor t o  a c c u r u l a t e  

r e l e v a n t  q u a n t i t a t i v e  data, an  e x p o r i w n t  wac~ aot up to  deter- 

m i n e  whether o x c r e t i o o  of Cm13' by mice r(ns i n f l u e n c e d  b9 

t h e i r  age a t  t h e  t i m e  of a d m i n i s t r a t i o n .  

MATERIALS AND METBODS 

Group. of 12 RF female mice were in j ec t ed  i n t r a p e r i t o n e a l l y  

wi th  0.89 pc of carrier-free Cs 13' chloride in a s o l u t i o n  ad- 

j u s t e d  to a pE of 5. The ages of t h e  animals are g iven  in 

T a b l e  1. All ~ a i a a l e  were injected on t h e  same day, and a l l  

-14- 
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group8 were s u b j e c t e d  t o  whole body countin!: for retained 

cs 137 a t  r e g u l a r  i n t e r v a l s .  The animals were mainta ined  

under  normal l a b o r a t o r y  conditions before and d u r i n g  the 

experiment . 
RESULTS AND DISCUSSION 

The data were analyzed by a 704 coatputer, and t h e  rc- 

s o l v e d  parawtors of t h e  r e t e n t i o n  f u n c t i o n 8  are g iven  in 

Table 1, which shwm t h e  rate c o n s t a n t  of the second compo- 

nent (k2) docreaaea b e t w e e n  t h e  ages of 4 and 51  w e e k s  and 

increaaea and u y  p l a t e a u  thereafter. These chrnges are 

reflected in tho areas , which l n c t e r a e  to  a maximum 

a t  51 woks and thon  decreabe a t  greater rges. Body we igh t  

inc’rearem w i t h  age u n t i l  32 weeks and is r e l r t l v e l y  c o n s t a n t  

th8reafter. I f  the area is an a c c u r a t e  index  of the  e q u i l i b -  

r i um level, then a 30 p.r c e n t  d i f f e r e n c e  in e q u i l i b r i u m  

1 e V O l S  m8y bo a n t i c i p a t e d  whon a n i u l 8  3 months of age are 

compared with a n i u l s  1 year old .  Wnder c o n d i t i o n s  of c h r o n i c  

expo8ure and when c h r o n i c  exposures  8re mrin t8 ined  over long  

period8 of ti-, .low chnges in e q u i l i b r i u m  l e v e l s  may occur. 

1 21 

I t  Is l w d i r t e l p  a p p a r e n t  t h8 t  s tud108 of r e t e n t i o n  and 

e x c r e t i o n  rhould take i n t o  c o a a i d e r a t i o n  t he  age and weight . 
of the ‘ e x p o r i u n t a l  an ima l s .  The dtffereacos in r e t e n t i o n  

de8crlbed in this r e p o r t  puy be due more to  growth, rather 

-16- 
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than t o  aging phenomena (unless one chooses to consider a 

dec l in ing  growth rate a s  an index of a g i n g ) .  In order to 

explore these questions fur ther ,  a single group of mice 

w i l l  be t e s t e d  repeatedly a t  s u i t a b l e  i n t e r v a l s  for changes 

i n  excre t ion  rates as  a funct ion of age .  

(1) C. R .  Richmond, J .  E .  Furchnor, and M, A .  Van Dilla, 
Potassium Concentration as a Function of Age i n  Rats 
( t h i s  report). 

-17- 



Excretion i n  Rats (C. R. Richmond, J. E. Furchner, and G. A .  

Traf t on )  
p m  

2-Acetylaaino-1,3,4-thiadiazole-S-sulfonamide (Diamox) 

is a nonmercur ia l  d i u r e t i c  and ac id-base  r e g u l a t o r  of low 

t ox ic i ty ,  a h f c h  ac t s  s p e c i f i c a l l y  t o  i n h i b i t  t h e  c a r b o n i c  

anhydrase  enzyme system. Diuresia is due t o  the  e f f e c t  on 

t h e  r e v e r s i b l e  h y d r a t i o n  of ca rbon  dioxide and dehydra t ion  

of c a r b o n i c  a c i d  i n  the kidneys.  The. n e t  r e s u l t  le a renal 

loss of HCO; Ion and, subsequen t ly ,  i n c r e a a e d  loss of water, 

sodium, and potassium. One s i g h t  almo re8sonably  expect 

t h i s  compound t o  accelerate the  e x c r e t i o n  of o t h e r  monovalent 

metal c a t i o n s  s u c h  as r u b l d l u r  and cesium. The purpose of 

t h i s  s t u d y  warn t o  i n v e s t i g a t e  t h e  e f f e c t  of Diamox on t h e  

e x c r e t i o n  of Cs 13' in rats. 

R n n t y - f o u r  a d u l t  male Spr8gue-Ikrrley rats were uaed. 

Them. a n i u l a  were 64 day6 old a t  t h o  time of admin i s t r a -  

t i on  and weighed 273.9 3 7.1 g (x' 2 u). 
j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  0.1 m l  of c a r r i e r - f r e e  Cs13'C13 

(0.75 bc) a t  a pB of 5.  A t  30 minutes  f o l l o w i n g  8dmln l s t r a -  

t l o n ,  t h e  an ima l s  were d i v i d e d  i n t o  4 e q u a l  groups,  and t h e  

Each animal  was in- 

-18- 
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c~~~~ a c t i v i t y  in each an ima l  w a s  de te rmined  by whole body 

count ing  w i t h  a 4 II l i q u i d  s c i n t i l l a t f o n  d e t e c t o r  (1). 

A c t i v i t y  measurements were a l s o  made a t  subsequent  i n t e r v a l s  

over a 76 d a y  I- J r i o d .  

Immediately a f t e r  a d m i n i s t r a t i o n ,  a l l  an imals  were 

placed  on a d ie t a ry  regimen which c o n s i s t e d  of Pur ina  chow 

and t a p  water  ad l ib i tum.  For a pe r iod  of 20 days, Dirlaox 

was added t o  t h e  d r i n k i n g  water of 3 groups t o  g i v e  concen- 

t r a t i o n s  of 0.045,  0.090, and 0.180 aglml, r e s p e c t i v e l y .  

ave rage  Diamox i n t a k e  per g of body weight w8s c a l c u l a t e d  

from measurements o f  body weight  and volume of f l u i d  i n t a k e .  

The 

These v a l u e s  a r e  g iven  i n  Tab le  1. 

A t  t h e  complet ion of t h e  experiment, t h e  r e t e n t i o n  func- 

t i o n  was c a l c u l a t e d  for each group by a n  i t e r a t i v e  l e a s t  

square 704 computer a n a l y s i s .  

t a i n e d  3 terms (l.e., 3 e x p o n e n t i a l  components). The i n -  

tegrated a r e a  under each  r e t e n t i o a  f u n c t i o n  from to t o  tn 

was t h e n  c a l c u l a t e d  and used for assessing the e f f e c t l v e a e s a  

of v a r i o u s  Diasox i n t a k e  level .  on Cs137 r e t e n t i o n .  

Each r e t e n t i o n  f u n c t i o n  con- 

The 

d e r i v a t i v e  of t h e  r e t e n t i o n  f u n c t i o n  is t h e  e x c r e t i o n  r a t e .  

Table 1 g i v e s  t h e  v a l u e s  for t he  i n t e r c e p t  ( 8 )  and 

r a t e  (k) parameters ,  which describe erch component Of the 

r e t e n t i o n  f u n c t i o n  for a l l  4 groups  of animals .  The area 

under each component I s  g iven  and a l s o  expressed  as a p e r  

-19- 

00131478.019 
.- - 

1 0 4 b b Z i  
' >  

LANL 



m 
a 
k * 

*, 
8 

0 a 
0 

2 

8 
u 

9 ??9: 

rl 

d 
d 
Y r ( N m  
0 
b 

00 

PY 
PI 

e 

-20- 

0 
b 
cy 

e4 
cv 
9 
3 
J 
0 - 

001 31 478.020 

LANL 



LI . 

?- 

cent of t h e  t o t a l  area under e8ch of the r e t e n t i o n  f u n c t i o n s .  

The areas under t h e  r e t e n t i o n  f u n c t i o n s  of the an ima l s  re- 

c e i v i n g  Diamox t r e a t m e n t  averaged -81 per c e n t  of t h a t  of 
137 r a t s  r e c e i v i n g  no Diamox. A l l  3 dose l e v e l s  i n c r e a s e d  Cs 

excretion to abou t  t h e  same degree. The most n o t i c e a b l e  

effects o f  Diamox on t h e  r e t e n t i o n  f u n c t i o n s  are reflected 

i n  t h e  i n t e r c e p t  v a l u e s  of the t h i r d  component and  i n  t h e  

v a l u e s  of t h e  ra te  c o n s t a n t s  of t h e  f i r s t  and second compo- 

nents .  Figure 1 i l l u s t r a t e s  these changes by comparing t h e  

ave rages  of t h e  second and t h i r d  components of t h e  t reated 

an ima l s  w i t h  t ha t  of t h e  c o n t r o l s .  Apparent ly  t h e  Cs 

atoms associated w i t h  t h e  first and second components are 

13 7 

e x c r e t e d  a t  a n  i n c r e a s e d  r a t e  from an ima l s  r e c e i v i n g  Diamox. 

This leaves a smaller f r a c t i o n  of  t h e  admin i s t e red  dose  

a v a i l a b l e  f o r  deposition a t  sites which l o s e  t h e  Cs137 a t  

the slowest ra te .  The scale of Fi?. 1 is too small t o  show 

t h e  d i f f e r e n c e s  in t h e  f i r s t  component. 

DISCUSSION 
.H-c- 

Oral a d m i n i s t r a t i o n  of Diamox for 20 days  a t  l e v e l s  of 

6.5,  12.8, and 27.0 mg/kg e l i c i t s  similar r e sponses  i n  

a c c e l e r a t i n g  t h e  r e n a l  e x c r e t i o n  of i n t r a p e r i t o n e a l l y  admin- 

i s t e r e d  Cs13' i n  rats.  The primary e f f e c t  is a n  inc reased  

r a t e  of loss from t h e  components (i.e.,  compartments) w i t h  

-21- 
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F i g .  1. Effect of Diamox on retention of Cs 137 in rats .  
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t h e  largest and intermediate r a t e  c o n s t a n t s .  

bound Cs 137 ( s m a l l e s t  ra te  c o n s t a n t )  is no t  l o s t  a t  an 

a c c e l e r a t e d  rate, as i t s  ra te  of loss from t h e  body is 

a p p a r e n t l y  not governed by r e n a l  f u n c t i o n .  

a t i v e l y  less of the admin i s t e red  dose is a v a i l a b l e  f o r  bind- 

i n g  by sites which lose st the slowest r a t e ,  T h i s  is 

of some p r a c t i c a l  va lue ,  since t h e  major fraction of t h e  

r a d i a t i o n  dose is d i r e c t l y  r e l a t e d  t o  t h e  component with the 

l o n g e s t  half-time. The increase in e f f e c t i v e  e x c r e t i o n ,  how- 

ever ,  is o n l y  -20 per cent. 

The most firmly 

However, rel-  

REFERENCE 
--e- 

(1 )  C. R. Richmond, Los Alamos S c i e n t i f i c  Labora tory  Report 
LA-2207 (1958) . 
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Reten t ion  of Bar ium 133 i n  Mice 
e-- UI----HI*-44-A-A4-- 
J. E. Furchner ,  a n d  G. A .  Trafton) 

Rats and D m  (C. R. Richmond, 

INTRODUCTION 
d N . c J I C C I C c  

As a p a r t  of t h e  program of s t u d y i n g  i n t e r s p e c i e s  correla- 

t i o n s  i n  metabolism of  gamma ray e m i t t i n g  i s o t o p e s ,  Ba 133 was 

admin i s t e red  by v a r i o u s  r o u t e s  t o  mice, rats, and dogs. 

Although has on ly  a series of weak gamma r a y s  (0.3 t o  

0 . 4  M e V ) ,  i t  has  a h a l f - l i f e  of - 8  y e a r s  and is, t h e r e f o r e ,  

p r e f e r a b l e  t o  o t h e r  barium i s o t o p e s  f o r  r e t e n t i o n  s t u d i e s  w h i c h  

may ex tend  over  long  t i m e  periods. 

The on ly  i s o t o p e  of s t r o n t i u m  w i t h  a r e l a t i v e l y  long  h a l f -  

l i f e  Is SrW, which is a pure  beta emitter. I t  is, t h e r e f o r e ,  

d i f f i c u l t  t o  s t u d y  r a d i o s t r o n t i u m  r e t e n t i o n  and excretion by 

whole body c o u n t i n g  techniques .  Bauer e t  al. (1) have r e p o r t e d  

that calcium and s t r o n t i u m  are metabolized i n  exactly t h e  same 

way and t h a t  barium and calcium are metabolized i n  much t h e  

same way. Hamilton (2) also r e p o r t s  t h a t  t h e  behavior  of 

barium and s t r o n t i u m  is s i m i l a r .  I t  is r easonab le ,  then ,  t h a t  

whole body r e t e n t i o n  d a t a  d e r i v e d  from b a r i u m  s t u d i e s  may be 

used t o  approximate  t h e  r e t e n t i o n  p a t t e r n  of s t ron t ium.  

METHODS AND RESULTS 
---e- - 

Twelve LAFl female ntice, weighing 18.7 g a t  t h e  age of 

2 months, were given i n t r a v e n o u s  i n j e c t i o n s  of 0.3 pc of Ba 133 
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a s  t h e  c a r r i e r - f r e e  c h l o r i d e .  

about 3 months o l d  and weighing 250 g, were g iven  i n t r a -  

Venous i n j e c t i o n s  of 0.5 gc of t h e  same Ba133C12 s o l u t i o n .  

Four male beag le  hounds (weighing -30 l b )  were g iven  

-13.0 pc of Ba133C12 o r a l l y  b y  means of g e l a t i n  c a p s u l e s .  

The i n t r avenous  r o u t e  of a d m i n i s t r a t i o n  t o  r a t s  and mice was 

necessary t o  ensure enough uptake  of r a d i o a c t i v i t y  to  permit  

its d e t e c t i o n  over  a long r e t e n t i o n  pe r iod .  

Six Sprague-Dawley male ra t s ,  

A l l  anima 1s were kept under s t a n d a r d  l a b o r a t o r y  condi-  

t i o n s .  Radio iso tope  measurements were made by whole body 

coun t ing  t echn iques  d e s c r i b e d  e l sewhere  (3). The r e t en t ion  

d a t a  were ana lyzed  by a 704 computer,  and t h e  d e r i v e d  param- 

e t e r s  a r e  g iven  i n  Table  1. F i g u r e  1 shows t h e  experimental 

da t a  a n d  t h e  best f i t  l i n e s  d e r i v e d  by computer a n a l y s i s .  

Express ions  for t h e  r e t e n t i o n  f u n c t i o n s  are a s  fo l lows :  

- 4 - P  Rats  - f n t - u ~ d m i n i q t r a t i o n  

-0.00122t R t  = 25.91e -1*4561t + 23.34e -0*0375t + 50.66e 

Mice - In t r avenous  Admin i s t r a t ion  
4------UI--.ICC.NUII...I-a-- 

-0.00257t Rt = 5O.OOe -1'8578t + 20.45e -000518t + 25.47e 

D o e  Oral Adminis t ra t io ;  
- I N - c H I I c I . c c  

-0.01060t + 8 . 1 7 ~  -0.000433 t R t  - 75.37e -' 0336 8t + 16.74e 
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The d a t a  s h o r  that r a t s  excreted p r o p o r t i o n a l l y  less 

Ba 133 t h a n  mice and  t h a t  bo th  r a t s  and mice excreted less 

t h a n  dogs. The sca t te r  of t h e  p o i n t s  abou t  t h e  c a l c u l a t e d  

l i n e  summarizing t h e  r e t e n t i o n  of by dogs is thought  

t o  be due t o  t h e  l i m i t e d  c a p a b i l i t y  of t h e  Humco I detector 

i n  l o w  energy  r anges .  The mouse and rat data were c o l l e c t e d  , 

by means of t h e  Lo8 Alamoa Small-Animal Counter ,  which h a s  

somewhat better accuracy  i n  t h i s  range .  

Dog8 excreted 75 per c e n t  of the  o r a l l y  a d m i n i s t e r e d  

dose w i t h  a ha l f - t ime  of 0.52 day, whereas 54 per c e n t  and 

26 p e r  c e n t  of t h e  i n t r a v e n o u s  dose8 w e r e  excreted w i t h  a 

h a l f - t i m e  of ~ 0 . 5  day by t h e  mice and  ra ts ,  r e s p e c t i v e l y ,  

The large and rapid i n i t i a l  loss by t h e  dogs was due t o  t h e  

r o u t e  of a d m i n i s t r a t i o n ,  The hrlf-timer of t h e  long and 

i n t e r m e d f a t e  components i n d i c a t e  t h a t  t h e  dogs would r e t a i n  

more were t h e  barium t o  be g i v e n  i n t r a v e n o u s l y .  

F i g u r e  2 shows a comparisoa of t h e  measured t o t a l  

u r i n a r y  and fecal e x c r e t i o n  of Ba133 by ra t s  w i t h  t h e  d e r l v -  

a t i v e  of t h e  whole body r e t e n t i o n  equa t ion .  The d e r i v a t i v e  

of t b e  r e t e n t i o n  e q u a t i o n  closely approximates b o t h  t h e  t o t a l  

e x c r e t i o n  p a t t e r n  and t h e  i n d i v i d u a l  u r i n a r y  p l u s  fecal 

v a l u e s .  

Studies  on t h e  d i 8 t r i b u t i o n  of Ba133 in t h e  t i s a u e s  of 

rats a t  v a r i o u s  times a f t e r  a c u t e  a d D i n i 8 t r i t i O n  i n d i c a t e d  
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RETENTION 'AND EXCRETION 
OF Ba'" ADMINISTERED 
I.V. TO RATS 

Fig. 2. Retention and excretion of intravenously administered 
Ba133 by t h e  rat. 
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t h a t  p r a c t i c a l l y  a l l  (-95 per cent) of t h e  body burden a t  

t h e  time of s a c r i f i c e  was l o c a l i z e d  i n  t h e  s k e l e t o n .  I t  

seems r e a s o n a b l e ,  t h e r e f o r e ,  t h a t  t h e  component w i t h  t h e  

l o n g e s t  Tb r e p r e s e n t s  Ba133 which  is bound i n  t4e skeleton 

(Table 1). 

1 
DISCUSSION -- 

The sum of three e x p o n e n t i a l  e x p r e s s i o n s  adequa te ly  

describes t h e  r e t e n t i o n  of Ba133C12 measured by whole body 

coun t ing  t echn iques  i n  three species of animals .  Measure- 

ments were made on t h e  dogs f o r  -700 days.  Although t h e  

i n t e r c e p t  of t h e  l o n g e s t  component was only 8 p e r  c e n t  of t h e  

a d m i n i s t e r e d  dose, t h e  area Under  t h i s  component was 92 p e r  

c e n t  of t h e  area under a l l  coaponents .  The per cent of t o t a l  

a r e a  c o n t r i b u t e d  by t h e  long component was -92 per c e n t  for 

a l l  species, even though t h e  T b t s  of t h e s e  components were 

-270 ,  566, and 1600 d a y s  fo r  t h e  mouse, r a t ,  and dog, r e spec -  

t i v e l y .  

long component t o  be greater than  t h e  1600 days  found for t h e  

dog. The r e l a t i v e l y  l a r g e  Tb v a l u e s  f o r  t he  long  components 

are r e a s o n a b l e  b8CaUSe  of the metabolic s i m i l a r i t y  of barium 

I n  man, one might r easonab ly  expect t h e  T,, of the 

and ca lc ium.  

Data p r e s e n t e d  in Fig .  2 show t h a t  t he  to ta l  e x c r e t i o n  

p a t t e r n  fo r  Ba133 can  be q u i t e  accurately p r e d i c t e d  from 
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whole body retention measurements. Additional data are being 

collected from mice and rats  following acute oral administra- 

t i o n  so that  correlations can be made among t h e  three species 

and predictions made for  human beings. 

REFERENCES -- 
(1) G .  C. H. Bauer, A .  Carlson, and B .  L-ndquist, Biochem. 

(2) J. G. Hamilton, Radiology 43, 325 (1947). 

(3) C. R, Richmond, Los Alamos Scientific Laboratory Report 

J. 63, 535 (1956) 

LA-2207 ( l S S 8 ) .  
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- R m a -  --I- Studied  w i  t h 
t h e  h i d  of Whole Body Gamma Et4-mU -- Slice f .  
and Rats (C. R. Richmond, J. E. Furchner ,  and G. A. Trafton) 
*--e- -- 

INTRODUCTION 
----I- 

Ruthenium lo3 and Ru106/Rh106 a r e  f i s s i o n  p roduc t s  of 

h i g h  y i e l d  and c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h a t  p o r t i o n  of 

the f a l l o u t  r a d i a t i o n  dose caused  by r a d i o n u c l i d e s  of short 

o r  i n t e r m e d i a t e  h a l f - l i v e s .  L i t t l e  in format ion  i s  a v a i l a b l e  

on t h e  metabolism of ruthenium r a d i o n u c l i d e s  i n  mammals, 

p a r t i c u l a r l y  a t  r e l a t i v e l y  long  p e r i o d s  a f t e r  a d m i n i s t r a t i o n ,  

Recent work (1) has po in ted  ou t  the need for such informa- 

t i o n .  I t  is ve ry  possible that bone, r a t h e r  than  kidney,  

shou ld  be cons ide red  as t h e  c r i t i c a l  organ fo l lowing  o r a l  or  

p a r e n t e r a l  a d m i n i s t r a  t i o n .  

METHODS AND RESUtTS 
YIuccIN-LN.IIcIII 

IkeIve a d u l t  RF female mice, whose average  weight  was 

21.0 g#  and 6 male Sprague-Darley ra t s ,  whose ave rage  weight 

was 280.0 g, were i n j e c t e d  i n t r a p e r i t o n e a l l y  with Ru106C13 

a d j u s t e d  to  a pH of 2.9. All an ima l s  were 63 days old a t  the  

time of i n j e c t i o n .  

each ra t  r e c e i v e d  2.52 pc Ru . 
Each mouse received 1.02 pc €tutw, and 

106 

The whole  body gamma r a y  a c t i v i t y  of each  animal  was 

measured a f t e r  i n j e c t i o n  and a t  subsequent  i n t e r v a l s  by 
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s t anda rd ized  methods which have been p r e s e n t e d  in deta i l  

e l sewhere  ( 2 ) .  A l l  assay data were c o r r e c t e d  for co inc idence  

loss and phys ica l  decay of t h e  R U ’ ~ ‘ ,  

s q u a r e  704 computer method was used t o  de termine  t h e  r e t e n -  

t ion  f u n c t i o n  which best d e s c r i b e d  t h e  expe r imen ta l  data. 

Figure 1 shows t h e  c a l c u l a t e d  r e t e n t i o n  f u n c t i o n s  drawn as 

s o l i d  l i n e s ,  together w i t h  t h e  a c t u a l  measured r e t e n t i o n  

da ta .  Three components d e s c r i b e  the f u n c t i o n  for each  

s p e c i e s .  Parameters which d e s c r i b e  t h e s e  components and 

the b i o l o g i c a l  ha l f - t imes  (Tb) a r e  as follows: 

A n  i t e r a t i v e  least  

4*0g94t + 19.96 e -0.0020t R t  - 39.70 e -1’7939t + 40.30 e 

0 . 4  day 7 . 0  days  345 days *b 

Rats 
hyI 

-0.0019t R, - 26.51 e -0*8004t + 51.03 e + 21.38 e 

Tb = 0.9 day 1 2 . 1  days  370 days 

Although t h e  370-day Tb v a l u e  of the l a s t  component of 

t h e  r e t e n t i o n  f u n c t i o n  f o r  ra ts  a g r e e s  with t h e  value of 

340 days which others have r e p o r t e d  for rat bone (31, a value 

of 16 days  is g iven  i n  t h e  most r e c e n t  r e p o r t  of t h e  I n t e r -  

national Commission on R a d i o l o g i c a l  P r o t e c t i o n  (4) .  I t  is 
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no t  p o s s i b l e  a t  t h e  p r e s e n t  time t o  estimate fo r  o u r  s t u d i e s  

what f r a c t i o n  of t h e  a c t i v i t y  i n  each  component of t h e  r e t e n -  

t i o n  f u n c t i o n  is associated w i t h  bone. I t  is i n t e r e s t i n g  t o  

note  t h a t  the  Tb value f o r  each component is l a r g e r  f a r  

r a t s  t h a n  f o r  mice. 

Table  1 gives  t h e  t o t a l  i n t e g r a t e d  area from to t o  tn 

under t h e  biological and e f f e c t i v e  r e t e n t i o n  f u n c t i o n s  and 

t h e  p e r  c e n t  of t h e  t o t a l  under each  component. Most of t h e  

area under t h e  r e t e n t i o n  f u n c t i o n  of bo th  species is con- 

t r i b u t e d  by t h e  component of l o n g e s t  biological o r  e f f e c t i v e  

h a l f - l i f e .  Table 1 also shows t h a t  t h e  t o t a l  area under  t h e  

r e t e n t i o n  f u n c t i o n  fo r  ra ts  is -16 per c e n t  greater t h a n  

t h a t  f o r  mice. F u t u r e  reports w i l l  summarize r e t e n t i o n  and 

e x c r e t i o n  data for  Ru106 fo l lowing  d i f f e r e n t  r o u t e s  of 

a d m i n i s t r a t i o n  i n  these and other species. These data will 

be used f o r  i n t e r s p e c i e s  comparisons.  

DISCUSSION 
4-U-a- 

Whole body r e t e n t i o n  of Ru106/Rh106 fo l lowing  i n t r a -  

p e r i t o n e a l  i n j e c t i o n  i n  b o t h  mice and rats can be adequotel 'y 

descri!)ed by t h e  sum of 3 e x p o n e n t i a l  components. The Compo- 

n e n t  w i t h  lonqest  h a l f - l i f e  r e p r e s e n t s  a c t i v i t y  depos i t ed  i n  

bone or  i n  bone p l u s  o t h e r  t i s s u e s ,  and r e p r e s e n t s  86 t o  

92 Per c e n t  o f  the t o t a l  i r e a  under t h e  e f f e c t i v e  r e t e n t i o n  
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f u n c t i o n s  f o r  mice and ra ts ,  r e s p e c t i v e l y .  

s i b l e  t h a t  bone, rather than  kidney,  should be considered a s  

t h e  c r i t l ca l  organ when e v a l u a t i n g  the  p o s s i b l e  hazard from 

~u~~~ fo l lowing  o r a l  or p a r e n t e r a l  a d m i n i s t r a t i o n .  

known t h a t  Ru106 1s loa t  from kidney t i a s u e  at a r e l a t i v e l y  

r a p i d  rate even though t h e  i n i t i a l  k idney  c o n c e n t r a t i o n  

( a c t i v i t y  per 6) is h ighe r  t h a n  t h a t  for o t h e r  t i s 8 u e a .  

long-term exper iments  of Burykin ( 5 )  shored  t h a t  the  con- 

c e n t r a t i o n  of Ru106 w 8 6  greater in bone th8n i n  other  tis- 

SUBCI. 

a l s o  supp ly  data needed for asses8lag possible laterspecific 

correla t i o n r  in t h e  me t a b o l i c  p a t t e r n s  of Ru106 

tions of ma%imulP PUFIDl(lSib18 body burden (MPBB) and maximum 

p e r s i 8 s i b l e  c o n c e n t r a t i o n  ( Y E )  v a l u e s  (food and water) can 

I t  is very  pos- 

I t  is 

The 

Addi t iona l  s t u d i e s  shou ld  c l a r i f y  t h e a e  p o i n t s  and 

Calcula-  

L..C.. "I 
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R e t e n t i o n  J * of I r i d i u m  
j i d m i n i s t r a t i o n  (J. E. Furchner ,  C. 3. Richmond, and G .  A .  
Traf ton)  

1NT"ODUCTIW 

T h i s  s tudy  was i n i t i a t e d  by a speciPic  need t o  know t h e  

amount of remain ing  i n  t h e  body a f te r  o ra l  i n g e s t i o n .  

Although i t  wns obvious  w i t h i n  a few d a y s  that less t h a n  

10 per c a n t  of t h e  ingested dose was absorbed, t h e  r e t e n t i o n -  

excretion p a t t e r n  was determined  u n t i l  t h e  a c t i v i t y  of t h e  

a n i m a l s  reached t h e  l i m i t s  of t h e  d e t e c t i o n  system. 

METHODS AND RESULTS 

To 6 male Sprague-Darloy r a t s ,  78 days old and weighing 

312 g, 1.1 pc of 1rlg2 as Na21rC16 (pH 0 . 7 )  was a d m i n i s t e r e d  

by gastr ic  tube .  A dose of 0.46 IC of i n  the same 

chemical state was a d m i n i s t e r e d  by t h e  saw r o u t e  t o  

12 female RF mice (average weight  22 g) G3 days of age, The 

animals were main ta ined  under  s t a n d a r d  l a b o r a t o r y  c o n d i t i o n a  

d u r i n g  t h e  exper iment .  Whole body c o u n t i n g  t echn iques ,  

described elsewhere, were used  t o  determine  residual a c t i v i t i e u .  

The per c e n t  r e t e n t i o n  as a f u n c t i o n  of t i m e  a f t e r  a d a i n i s t r a -  

t i o n  is shown i n  Fig. 1. Expressions for the r e t e n t i o n  func- 

t i o n s  are not g iven  as results of computer a n a l y s i s  are n o t  

a v a i l a b l e  a t  p r e s e n t .  
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Fig. 1. Retention of orally administered dg2 by mice and 
rats. 
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Within  2 days a f t e r  o r a l  a d m i n i s t r a t i o n ,  t h e  r e t e n t i o n  

of 

of t h e  a d m i n i s t e r e d  dose. Reten t ion  con t inued  t o  drop u n t i l ,  

a t  abou t  60 drys ,  i t  was approximate ly  3 and 1 per c e n t  for  

mice and rats, r empec t lve ly .  Tho long components of the 

r e t e n t i o n  curves were a p p r o x i a r t e l y  parallel for t h e  two 

species and showed a b i o l o g i c a l  half-time of about 300 days.  

For comparison, i f  t h e  whole body is cooa ide red  t o  be t h e  

c r i t i ca l  organ, t h e  most r e c e n t  report of  the I n t e r n a t i o n a l  

Commission on Iirdiological P r o t e c t i o n  (ICRP) gives a Tb v a l u e  

by bo th  r a t s  and nice dropped t o  about  5 per c e n t  

of 20 d r y s  Sor Ir lg2 (1). 

It  is diecoacertiag but i n t e r e s t i n g  that the  p r e s e n t  

data on Ir indicate  for t be  first t i m e  a fa i lure  of  the  

log of g a s t r o i n t e s t i n a l  uptake t o  be d i r e c t l y  p r o p o r t i o n a l  

t o  t h e  log of body weight of t h e  rpecies. 

(1) Report of the  I n t e r n a t i o n a l  Conimmion on R a d i o l ~ i c a l  
P r o t e c t i o n ,  Cornittee XI, on P e n i m r l b l e  Do80 fo r  
R a d i a t i o n  (1859), w i t h  Bibliography for Biologicr l  
Mathematical, and  P h y s i c a l  Data, VoZ. 4 3, 212 ( I d .  

00131478.040 



INTRODUCTION 
C I P  

~ e a i u r e m e n t s  Of t h e  i n h e r e n t  ganm8 r a y  a c t i v i t y  of t h e  

humn body have been reported by s e v e r a l  groups of workers 

u s i n g  l a r g e  i o n i z a t i o n  chambers, NaI (TI) c rys t a l s ,  and 

l a rge  l i q u i d  s c i n t i l l a t i o n  c o u n t e r s ,  

1.46 M e V  were t he  major a c t i v i t i e s  detected i n  t h e  s c i n t i l l a -  

tion spectra (1). 

t h e  n a t u r a l l y  o c c u r r i n g  K . 

Photopeaks a t  0.66 and 

These e n e r g i e s  correspond t o  CsI3' and 
40 

A large number of people  measured in t h e  Lo8 Alamos 

Human Counter (Humco I) showed a n a t u r a l  K40 gamma r a y  

a c t i v i t y  of -5 .7  d/s/kg of gross body weight (2) w i t h  a 

s tandard  d e v i a t i o n  equa l  t o  18 per cent of t he  mean, Whole 

body potassium con ten t  can r ead i ly  be c a l c u l a t e d  from t h e  

a c t i v i t y  measurements, a s  t h e  gamma r a y  emission r a t e  of 

ordinary  potarrsium is e s s e n t i a l l y  3 y / s / g .  Consequently, the 

K40 a c t i v i t y  of a 70 kg man cor responds  t o  about  133 g of 

potassium. When expressed as a percentage  of t h e  gross body 

weight ,  t h e  t o t a l  body potassium con ten t  is known t o  vary 

w i t h  factors such  as age, sex, and the  r e l a t i v e  amounts of 

f a t ,  muscle, and water i n  t h e  body. The effect  of age on 

body potassium c o n c e n t r a t i o n  is p a r t i c u l a r l y  hard  t o  assess 

because of t h e  la rge  v a r i a t i o n s  observed i n  t h e  da ta .  One 
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might r easonab ly  expect t o  f i n d  less v a r i a t i o n  i n  the body 

pota8mium c o n t e n t  among members of t h e  same s p e c i e s  of lab- 

oratory animal because of t h e  r e l a t i v e l y  s t a n d a r d i z e d  

d i e t a r y  and envi ronmenta l  regimens and a more homogeneous 

genetic c o r p o s l t i o n .  Q u a n t i t a t i v e  r e l a t i o n s  between body 

p o t a r s i u a  and age, If they  do e x i s t ,  c o u l d  be appl ied t o  

many radiobiological s t u d i e s  which deal w i t h  a g i n g  phenomena. 

METHODS AND RESULTS 

Thir ty-one  beagle hounds were whole body radioassayed 
40 In Humco I fo r  n a t u r a l l y  o c c u r r i n g  E . Each an imal  was 

thoroughly  w8ehed and d r i e d  prior to  a8say t o  remove s u r f a c e  

contaminat ion .  Counting times were of s u f f i c i e n t  d u r a t i o n  

t o  enmure a st8tistlcal precision of - 5  per c e n t .  

a c t iv i t i e s  were then  corrected f o r  background d e p r e s s i o n  and 

r e l a t i v e  coun t fng  e f f i c i e n c y  and conver ted  t o  d / s  of ICm per 

kg grors body weight. 

The K4* 

Table 1 rhowe the l n d i v l d u r l  v a l u e s  for  t h e  c a l c u l a t e d  

body potasalum c o n c e n t r a t i o n  ( g h g )  for 22 male and 9 female 

hound.. The average potae8lus c o n c e n t r a t i o n  (61.86 mEq/kg 

grora body weight )  is somewhat h igbe r  than t h e  v a l u e  of 

-49 mEqhg u s u a l l y  g iven  for human beings. 

Is prob8bly related t o  t h e  f a t - to -musc le  r a t i o  f o r  each specleu, 

as the body potausium c o n t e n t  is thougbt t o  be a p r o p o r t i o n a t e  

Thio  d i f f e r e n c e  

-42- 

001 31 478.042 

1 0 4 b b 4 4  

4a 



F" 
TABLE 1. POTASSIUM CONCENTRATION IN BEAGLE HOUNDS 

Po tass i u m  Deviation from 
Age Concentra tlon Average 

sex (months) (mEq /kg) (x - K/u) 

usr le 

Ma le 
Ma le 
Ma le 
Ma l e  
Ma le  
Ma l e  
Ma l e  
Ma le  
Ma le 
Ma le 
Male 
Ma l e  
Ma le 
Ma l e  
Ma le 
Ma le 
Ma le 
Ma le 
Ma le 
Ma le  

Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 

E t a  

E $ a  

Ma le 
38 
17 
19 
19 
22 
22 
16 
22 
10 
11 
11 
11 
11 
11 
11 
20 
20 
20 
35 
35 
35 
35 

22 
19 
22 
16 
84 
70 
11 
55 
57 

53.48 
60.12 
59.74 
54.24 
66 . 76 
69.79 
56.24 
66.76 
55 . 38 
64 . 10 
57.84 
60.86 
70.36 
61.07 
62.58 
62.12 
62.92 
60.19 
62.78 
64.75 
66.87 
58 . 38 

61.26 
69.98 
52.72 
61.26 
60.31 
63.34 
61 . 82 
60.50 
59.98 

-1 a 74 
-0.40 
-0.48 
-1.59 
+O . 94 
+1.55 
-1 18 
M . 9 4  
-1.36 
+O . 40 
-0.86 
-0.25 
+1.66 
-0.21 
+o . 09 
4.01  
+O, 16 
-0.39 
44.14 
+o. 53 
+O. 96 
-0 77 

+0.03 
+1 . 76 
-1 . 88 
+0.02 
-0.18 
+o. 49 
+0,15 
-0.14 
-0.26 

61.86 + 4 4.08 (a l l )  

62.11 f 4.86 (males) 

61.13 + & 4.47 (females) 
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f u n c t i o n  of t he  l e a n  body ma8s. 

c e n t  of the mean) Ind ic r t e r r  t h e  r e l a t i v e l y  small d l 8 p e r 8 i o n  

of v a l u e s  a b o u t  the  me8n. A 8.811 b u t  probably i a 8 l g n i f f c 8 n t  

d i f f e r e n c e  was found between the  mean pot888iur concentra- 

tions for malo8 and females. No obvious deCre8Se in p o t u -  

alum c o n c e n t r a t i o n  w i t h  respect t o  age was a p p 8 r e n t ;  however, 

on ly  4 a n i m a l s  were more t h a n  38 month. of age (Fig. I). An 

a d d i t i o n a l  21 8nim8f8, ao8t of which 8r8 - 5 0  month8 of age ,  

will be measured i n  t he  f u t u r e ,  

The v a l u e  for  u (7.5 per 

DISCUSSION 

Body p o t r s a i w  c o n c e n t r r t i o n  for 31 beagle hounds was 

T h i s  found t o  be 61.86 + c 4.68 (x' f u) oEq/kg body weight. 

v a l u e  is -20 per c e n t  greater than t h e  r e 8 n  pot8ssium con- 

c e n t r a t i o n  u s u r l l y  reported for  human be ings .  V a r i 8 t l o n s  in 

the  potass ium c o n c e n t r a t i o n  or re la t ive  v a r l a t l o n a  i n  t h e  body 

f a t  c o n c e n t r a t i o n  among species cou ld  explain the  difference. 

Regardle.8, a s  pota8aIum c o n c e n t r a t i o n  is a n  index  of an 

a n i m a l ' s  l e a n  o x i d i z i n g  p r o t o p l 8 ~ m i c  -88, beagle hounds 

a p p e a r  t o  have more "lean t i s s u e "  (or leas  fa t )  t h a n  human 

being.. A d d i t i o n a l  dPt8  are being collwcted so thrt possible 

age-dependent changes  i n  potass ium c o n c e n t r a t i o n  can  be observec 

RBIERENCES 

(1) 
(2) E, C. Ander80n, R, L. Schuch, 91. R. Fi8her, and W .  

C. E. Miller and L. D. Marlnelli, Sc ience  a 122 (1956). 

Lmnghrm, Science 4- 125, 1273 (1957). 
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-- Potassium C o n c o n t r a a  (C. R. 
Richmond, J ,  E, Furchner ,  and Y. A .  Van D i l l a )  

INTRODUCTION 

Prev ious  8tudiO8 h8vo i n d i c a t e d  t b a t  potassium concent ra -  

t i o n  i n  man d e c r e r a e a  as a f u n c t i o n  of age  (1,2).  This observa- 

t i o n  may be of Importance i n  a s s e s s i n g  p h y s i o l o g i c a l  age. 

If t h i s  phenomeaon a l s o  applie. t o  s m a l l  an imals ,  It may be 

U 8 e d  t o  aaaemm t h e  effect of v a r i o u s  p h y s i c a l  and chemical 

streare8 on phyriologlcal age.  Such a method of measuring 

physiological age would be preferable t o  t h e  u s u a l  c r i t e r i o n  

of ag ing  (death rate), e s p e c i a l l y  in problems d e a l i n g  w i t h  

p r e c o c l o u s  aging.  

YETBOO8 AND RESULTS -- 
An 8 x 4 i n ,  Naf (Tl) c r y s t a l  and 100 channel  a n a l y z e r  

were uaed t o  measure t h e  n a t u r a l  ICa a c t i v i t y  i n  male Sprague- 

Darley  rats of d i f f e r e n t  age., 

for encb de te rmina t ion .  The animals were weighed and compressec 

i n  a 2 gallon t i n  c8n (8 in. diameter )  immediately a f t e r  sac- 

rifice. P l a s t i c  p la tes  and rods were used t o  hold t h e  sample 

I n  n fixed pornition i n  t h e  c a n  d u r i n g  t h e  ove rn igh t  (about 

15 hours) a c t i v i t y  meas~remont .  C o r r e c t i o n s  for r e l a t i v e  

geometry and e f f i c i e n c y  changes were made. 

menta on t h e  same sample agreed w i t h i n  1 per c e n t .  

Two t o  6 animals  were uaed 

Replicate measure- 
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F i g u r e  1 shows t h e  potassium c o n c e n t r a t i o n  ( g h g )  a s  a 

func t ion  of age  for  r a t s  and man. Although the curves f o r  

show considerable s t r u c t u r e ,  t h e  change in potassium con- 

c e n t r a t i o n  from 20 y e a r s  on is a b o u t  9 mg/kg/yr. 

such r e l a t i v e l y  s m a l l  changes,  many mersurements must be made. 

The curves for man r e p r e s e n t  a v e r a g e  v a l u e s  for -1600 ind iv id -  

To detect 

U P l S .  

The potassium c o n c e n t r a t i o n  i n  r a t s  a p p e a r s  t o  decrease 

rapidly  between 2 and 4 months and then  s l o r l y  between 4 and 

24 ronths .  T h i s  dtcrea8.a Is a change I n  potassium concen t r a -  

t i o n  of about  16 per c e n t  between 2 and 4 months, and on ly  

about G per c e n t  over t h e  n e x t  20 months, The r a t e  of change 

from 4 months on is -100 lag/kg/yr. Too much conf idence  

should n o t  be p laced  on these e s t i m a t e s ,  which are based on 

t b e  small number of measurements shown in Fig .  1. 

DISCUSSION 
-I-- 

The d a t a  presented r e p r e s e n t  11 groups  of - 4  animals  per 

pofat . Considerably  more determina  t ioas  shou ld  be made i n  

orde r  t o  de termine  q u a n t i t a t i v e l y  t h e  possible changes i n  

potaselurn concentration as a f u n c t f o n  of age. Measurements 

Will also be made on an ima l s  younger than  2 and older t h a n  

24 months of age, 

Small d i f f e r e n c e s  i n  potass ium c o n c e n t r a t i o n s ,  no re l iab le  

In view of t h e  small number of an ima l s  and 

-47- 
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AGE IN OAYS (RATS) 
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F i g .  1. Potassiur concentration in rats and m a  as a function 
of age. 
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of t h e  change i n  potassium Concentration as a func- 

tion of age (or its StatiStical Precision) can be made until 

,,,ore data are collected. I t  Would be extremely difficult to 

p r e d i c t  ageodependent changes in potassium concentrations i n  

rats, on t h e  basis Of data obtained from man, because of t h e  

(1) U. - 8 i l d #  Scrad. J.  Inveat, 9, 44 (1936). I 
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Zadiochemical  Neutron Dorimetry 
7 (D. F. P e t e r s e n ,  V. E. 
M i t c h e l l ,  and W. H. bangham) 

INTRODUCTION 

In a p r e l i m i n a r y  report (l), data were p resen ted  in- 

, d i c a t i n g  the p o s s i b i l i t y  of u t i l i z i n g  neu t ron  c a p t u r e  by 

s u l f u r - r i c h  t i s s u e s  for t h e  e s t i m a t i o n  of i n c i d e n t  f a s t  

nef i t ron doses. The method m a  s u c c e s s f u l l y  employed i n  a 

r e c e n t  n u c l e a r  cr i t ical  a c c i d e n t  (2) and a sgstem8tic s t u d y  

w 8 8 ,  therefore, undert8ken t o  improve a n a l y t i c a l  technique. 

and d e f i n e  the l i m i t s  of a p p l l c a b i l l t y  of t h e  procedure.  

R e s u l t s  of these studies have doroastrated that i n c i d e n t  

neu t ron  dos.8, based ob de te rmin8 t ion  of t h e  P32 a r i s i n g  

frola the S32(n,p)P32 r e a c t i o n  i n  h.ir s u l f u r ,  are c o n s i s t -  

e n t l y  i n  good 8grsement  w i t h  a variety of other methods of 

neu t ron  dosimetry.  Improved a n a l y t i c 8 1  t achn iques  have in- 

creased the  s e n s i t i v i t y  of t h e  method approximately 10 fold.  

Thus,  1 rad of s u l f u r  neu t rons  can be detected in a hair  

sample weighing from 0 . 5  t o  1.0 g. 

h8s made i t  possible t o  aasess dose d i s t r i b u t i o n  and deduce 

The u s e  of Smaller sample: 

o r i e n t a t i o n  by performing separate analyses on hair samples 

o b t a i n e d  from v a r i o u s  parts of t he  body. 

METLKlDS AND RESULTS 

Ifrir o d t a i n e d  from the  head, cheat, abdomen, pub i s ,  and 

00131478.050 
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legs was a p p r o p r i a t e l y  p o s i t i o n e d  on plast ic  mannequins and 

exposed to t h e  f i s s i o n  spectrum of t h e  Godiva 111 c r i t i c a l  

Fol lowing recovery ,  0 . 5  t o  1.0 g samples were 

accura t e ly  weighed and  digested i n  10 m l  of a mix tu re  of 

equal  volumes of c o n c e n t r a t e d  n i t r i c  and perchloric ac id  for 

2 hours a t  200.C. 

rn ml, and two  2.0 ml a l i q U O t S  were removed for the determino-  

t ion of  s u l f u r  (3) and phosphorus (4). The r e m i n d e r  of t h e  

digest was a d j u s t e d  t o  pH 3.5, 2 mg of carrfer phosphate was 

rdded, and the  P32 precipi ta ted by the a d d i t i o n  of excess 

5 per cent amnoaium molybdate.  Wherever possible, d u p l i c a t e  

detetrminrt ions were performed w i t h  t h e  a d d i t i o n  of a p 

i n t e r n 8 1  s t anda rd .  

The samples were cooled, d i l u t e d  t o  

32 

The P32 precipi ta tes  re re  fi l tered on 

whatran No. 42 paper t o  r h l c h  had been added a ssrl l  pad of 

Johns-Y.nvil1e f i l t e r  a i d .  The precipitates were sucked d r y  

and imamdir te ly  counted  w i t h  8 thin r i n d o r  Geiger-Miller tube  

f o r  30 minutes  or t o  10,ooO coun t s .  Counts were taken  a t  

subsequent i n t e r v a l s  of 7 and 14 d r y 8  t o  elrtablish t h e  i d e n t i t y  

of t h e  radioactive material in t h e  sample. 

Beta c o u n t s  were corrected for s e l f - a b r o r p t i o n ,  c o u n t e r  

e f f i c i e n c y ,  and  p h y s i c a l  decay,  and were expressed as dlo- 

I n t e g r a t i o n s  per minute  per g of h a i r  a t  T = 0.  The i n c i d e n t  

f l u x  of s u l f u r - l e v e l  n e u t r o n s  was computed frm t h e  f o l l o k n g  

equat ion:  
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2 where E' = Zrst neu t ron  f lux detected by s u l f u r  (n/cm ) 

A - a c t i v i t y  per g of h 8 i r  (d/m/g) 

W - atomfc w e i g h t  of s u l f u r  (32) 

u - a c t i v a t i c n  cr080 mect ion (225 x loo2' cm2/atom) 

o - s u l f u r  c o n t e n t  per g of hair 

N = Avogadro's number (6.02 x atom8) 

A = decay c o n s t a n t  (3.37 x lO%in) 

The f a c t o r  f o r  c o n v e r t i n g  f l u x  t o  dose f o r  neut ron8  w i t h  

e n e r g i e s  In exceas of 2.5 MeV is 3.83 x loo9 rads/n/cm2 (5). 

In the  caae of flaaioa rpoctra where t he  ex ten t  of degrada- 

tion i8  unknown, only t h e  dome c o n t r i b u t e d  by s u l f u r - l e v e l  

neu t ron8  c a n  be computad. However, t h e  f i s 6 i o n  spectrum of 

the Godfva aaseably h88 been w e l l  d e f i n e d  ( 5 ) s  and i t  bus 

been eat8blimhed that neu t ron8  8bove t h e  s u l f u r  t h r e s h o l d  

c o n t r i b u t e  approximately 30 par c e n t  of the t o t a l  neutron 

dome, Thua, in these exper iments ,  i t  wa8 po8slble t o  COI- 

p u t e  t o t a l  doses a# w e l l  as t h e  i n c i d e n t  sulfur th reshold  

colponea t o  

To f m i l i t r t e  f u r t h e r  the r p p l l c a t i o n  of t h i s  procedure, 

a 18rge nurber of sulfur o n a l y a e s  m a  performed t o  e s t a b l i s h  

1 0 4 b b 5 4  
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whether t h e  s u l f u r  c o n t e n t  of human h a i r  v a r i e d  s u f f i c i e n t l y  

between i n d i v i d u a l s  and w i t h  body d i s t r i b u t i o n  t o  necessitate 

elemental a n a l y s i s  of exposed samples.  Phosphorus 

measurements were performed t o  de te rmine  whether t h e  normal 

of phosphorus was g r e a t  enough t o  permi t  s i g n i f -  

i can t  phosphorus a c t i v a t i o n  by t h e  P31 ( n , ~ ) p ~ ~  r e a c t i o n .  

R e s u l t s  shown i n  T a b l e  1 i n d i c a t e  t h a t  t h e  s u l f u r  con- 

tent of h a i r  is remarkably c o n s t a n t  w i thou t  regard f o r  color, 

consfs tency ,  or body d i s t r i b u t i o n .  Phosphorus c o n c e n t r a t i o n  

var ied  somewhat more than  d i d  s u l f u r ,  presumably due t o  con- 

tamingtion of t h e  samples  w i t h  va ry ing  amounts of epidermal 

c e l l a .  However, no cases w e r e  observed  where phosphorus ex- 

ceeded 1 per c e n t  of t h e  s u l f u r  c o n c e n t r a t i o n ,  and i t  was 

concluded t h a t  except i n  extreme cases of spectrum degrada- 

t ion ,  phosphorus a c t i v a t i o n  cou ld  be disregarded. Herrue- 

ments of t h e  s u l f u r  and  phosphorus c o n t e n t  of hair from 

var ious  ana tomica l  l o c a t i o n 8  of 1 I n d i v i d u a l  are 8umurized 

i n  Table  2. These data p r o v i d e  a d d i t i o n a l  ev idence  for t h e  

constancy of chemica l  composi t ion  r e g a r d l e s s  of d i s t r i b u t i o n .  

Tab le  3 summarizes t h e  r e s u l t s  of a number of neu t ron  

experiments  i n  which doses computed frola hair beta a c t i v i t y  

were compared w i t h  dose estimates based on data o b t a i n e d  

from (a) hr239, NP*~', U238, and S32 t h r e s h o l d  d e t e c t o r s ,  

(b) t h e  Rurs t  p r o p o r t i o n a l  coun te r ,  and (c )  t i s s u e - e q u l ~ a l e n t  

-53- 
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TABLE 1. RELATIVE SULFUR AND PROSPEEORUS CONTMT OF -N 
HAIR 

Pboaphorue- Samples * 
Distribution Analyzed Sulfur Phosphorus to-Sulfur 

Qo.) (mg/g) (wive) (per cent)  

64 47.1 + 5 .1  0.155 + 4 0.042 0.33 Herd 

Pubis  68 47.3 + 5.6 0.251 + 4 0.085 0.53 

All samples 
(he8d, c h e s t ,  
abdomen, pubis, 

d 

legs) 168 47.7 + 5.5 - -- -- 
& 

* Mean + st8ndard deVl8tiOD. 
L 

00131478.054 
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TABU 2. SULFUR AND P ~ O S P ~ ~ U s  CONTENT OF HAIR FROM VARIOUS 
ANATOMICAL LOCATIONS OF TllE SAME XNDIVXDUAL 

Phosphorus- 
Sulfur Phosphorus to-Sulf UT 

Lmtioa ( d e )  ( m r r / d  (per cent ) 

Bead 43.2 

Beard 39.5 

C b S  t 43.0 

Abdomen 46.3 

Pubis 45.6 

46.6 

A r m  40.7 

Yern + St8nd8rd 
DoviaZion 44.0 e + 3.0 

0.162 0.30 

0.143 0.36 

0.185 0.42 

0.158 0.34 

0.194 0.43 

0.153 0.33 

0.129 0.26 

0.161 e + 0.028 0.36 
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! It should be eEph881ZOd that 8lthoueh these meamuremeat6 

aru s u b j e c t  t o  sorsrht greater u n c ~ r t a l n t l e s  t han  the reforee 

doafmetry, the largeat d i 8 c r e p a n c i e 8  t end  t o  occur  w i t h  very 

lor doseu. The method rpperrr t o  be reliable for expomures 

covering a range from sublethal t o  s u p r a l e t h a l  domes, arsumlng 

a g88ma-to-neutron r a t i o  of 3 and an RBE f o r  n e u t r o n s  of 2, 

Moreover, i n f o r m a t i o n  obtained rf ter large+ dwes would be 

q u i t e  u s e f u l  i n  r a p i d l y  a 6 8 e s s i n g  the  s e v e r i t y  of exposure, 

and t h e  data lend s u p p o r t  t o  o u r  earlier conclu8ion8 b88ed on 

-57- 
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TABLE 4. DOSE DISTRIBUTIOW AND OaIPllTATIa OF PLASTIC 
ruw#EQUIN DEDUCED FROM BEAD AND PUBIC HAIR 
ACTIVATION 

Incident Dome Incident Doso 
S8Wph a i r  Activ8tion Fimrion Counter 
No. Pomftlon of Sample (rad.) (radr) 

1 P e l v i c  p w t d r i o r  4.36 

2 P e l v i c  l a t e r a l  159.00 

3 P e l v i c  lateral 150.00 

4 P e l v i c  a n t e r i o r  199.00 

5 Head 183.00 

6 Bead 170.00 

-38- 
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t hair a c t i v a t i o n ,  a n a l y s e s  in t h e  r e c e n t  f a t a l  L O ~  Alamos 

,uC1ePr c r i t i C . 1  a c c i d e n t  (2) . 
Sulfur content of h a i r  i n d i c a t e s  t h a t  a n  average  v a l u e  

could be s u b e t i t u t e d  i n  place of direct  s u l f u r  a n a l y s i s ,  

The r e l a t i v e l y  c o n s t a n t  1 

i a l l y  s h o r t e n i n g  the  procedure  w i  t hou t appreciably 

pffecting t h e  r e s u l t .  

Chemical s e p a r a t i o n  of t h e  beta a c t i v i t y  p rov ides  a 

s i g n i f i c a n t  advantage over  our p r e v i o u s  a s h i n g  technique .  

L0.88S due t o  v o l a t i l i e a t i o n  are e l i m i n a t e d  by the  

tion temperature ,  and s e p a r a t i o n  frola other a c t i v a t e d  mate- 

rials 16 accoPapllshed wi thou t  e x t r a c t i o n  of phosphorus i n t o  

digea- 
1 

i an organic s o l v e n t ,  P r e l i m i n a r y  data from a r e c e n t  Nevado 

! r eac to r  test i n d i c a t e  that Induced P3’ a c t i v i t y  i n  neutron-  

irradiated hrlr can  be o u c c e s s f u l l y  sep8rrted from local 

f 8 l l o u t  a8sociated w i t h  o p e r a t i o n  of t h e  rerctor, 

The s i m p l f c l t y  of the  a n a l y t i c a l  method, together a i t b  

t h e  rlmo8t u n i v e r s a l  ava i l ab i l i t y  of hair, 6ugger t  that t h i s  

procedure a8 an  a d d i t i o n a l  b~o log ico l  parameter for deterain- 

lag f i r r t  approximat ions  of t he  neut ron  dore s u a t a i n e d  by 

p o t e n t i a l  n u c l e a r  crltica’l a c c i d e n t  v i c t i m 8  is fea8ible. 

The c o o p e r a t i o n  of Drs. J. A .  Sayeg and E. R. Bollhger  

i i n  exposing raaples and p r o v i d i n g  referee do8 i re t ry  is grate- 

f u l l y  acknowledged. 
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INTRODUCTION 

In t he  c o u r s e  of a s t u d y  of t h e  accumula t ion  of f a l l o u t  

isotopes in deer a n t l e r s ,  a procedure  was developed for t h e  

d e t e r s i n s t i o n  of SrW in bone. S i n c e  t h i s  p rocedure  p r e s e n t 8  

unique approrrch t o  the problem of l o r - l e v e l  Sr90 assay and 

b.8 procedura l  r d v m t a g e s  OVeF pr49Sently used methods, i t  is 

worth r e p o r t i n g  separately for its o m  merits. 

In brief, t h e  procedure  i n v o l v e s  e x t r a c t i o n  of Ym i n t o  

8 s o l u t i o n  of 2.5 per c e n t  d i b u t y l  phosphate in s c i n t l l l 8 -  

tion s o l u t i o n  ( c o n s i s t i n g  of t e r p h e n y l  Bnd POWP in t o l u e n e )  

from 8 d i l u t e  n i t r i c  acid s o l u t i o n  c o n t a i n i n g  Srm c o n c e n t r a t e d  

from bone ash by the s t r n d a r d  fuming n i t r i c  ac id  procedure. 

The radioactive y t t r i u m  is assayed by c o u n t i n g  in a l i q u i d  

s c i n t i l l a t i o n  c o u n t e r .  

DETAILED PROCEDURE 

1. Prepare 100 gm of bone ash by g r i n d i n g  w i t h  a mortar 

and p e 8 t l e  t o  8 co8rse powder, weigh i n t o  8 400 a1 barker, 

rnd add SO 01 of s t r o n t i u ~  carrier s o l u t i o n  (10 mg St++/al 

d i s t i l l e d  R20). 

2. Add SO m l  s t r o n t i u m  carrier s o l u t i o n  and 30 m 1  d i s -  

t i l l e d  water. Add 225 m 1  f u s i n g  HNOQ s l o w l y .  S t i r  fo r  1 hour. 

-61- 



*: - .. 

! 

3. F i l t e r  w h i l e  still  warm through 8 medium s i n t e r e d  

glass f i l t e r ,  and d l r c a r d  t h e  f i l t ra te .  

4. Dissolve t he  p r e p a r a t i o n  w i t h  hot d i s t i l l e d  H20 

r n d  evaporate t o  50 ml. 1 

5 .  Adjus t  the l ro lu t ion  to  pa 1.0 w i t h  a concen t r a t ed  a 

N8OB s o l u t i o n ,  added droprime. 

6 .  Store saaple for  14 day8 t o  allow tho Pm t o  grow 

in. 

7 .  W r n r f e r  t he  sample t o  a 125 m 1  soparatory funno l  

8nd 8hrke f o r  5 minute. w i t h  an o q w l  v o l u ~ e  of di-%-butyl 

orthophosphoric acid (DBP) dismolved i n  a s c i n t i l l 8 t l o n  

s o l u t i o n  c o l u i 8 t i n p  of 0.05 per c e n t  POPOP and 0 . 5  p.r cent 

p t e r p h e n p l  in t o l u o n e  (0.3 to  0.4  J i n  DBP), n o t i n g  the 

time. 

8 .  Di8card tho aquoous pbme and d r y  t h e  o r g a n i c  portid 
I 
I w i t h  s i l i c a  gal for approx lr te ly  15 minutes .  

0 .  Draw off 30 m 1  of t h e  otg8nic portion, p l a c e  in a 

10 dram c o u n t i n g  v i a l ,  8nd c w n t  in a 8 t a n d r r d  liquid rcin- 

t f l l 8 t i o n  c o u n t i n g  aetup (l0,OOO count.). Noto the coun t ing  

tSD0 
90 

Stront iumm v8lue. c8n k Calcul8ted frW t he  Y 

c o u n t ,  mince thoro is 1 d/m of SrsO for each d /m of Ym. 

10. Corroct for *cry of Y 

11. 90 
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RESULTS AND DISCUSSION 

TO e v a l u a t e  t h e  procedure  and judge  its merits, the 

following procedures  and measurements have been carried o u t ,  

(a) i. --Known amounts 

of i n  t e n t h  normal n i t r i c  acid s o l u t i o n  were extracted 

and counted by the  method p r e s e n t e d  above. Th i8  procedure  

was performed each day a "run" was done on a series of un- 

knowns t o  check the r e a g e n t s  and t h e  c o u n t e r .  R e a u l t s  of 

18 d i f f e r e n t  d e t e r m i n a t i o n s  are shorn i n  Table 1. When t h e  

nitric acid s o l u t i o n  was e x t r a c t e d  a g a i n  immedia te ly  a f te r  

t h e  first e x t r a c t i o n ,  less than  1 per c e n t  of y90 was found,  

indiC8tlng e s s e n t i a l l y  complete e x t r a c t i o n  i n i t i r l l y .  The 

10 per c e n t  or so d iminu t ion  from t h e  expec ted  v a l u e s  un- 

doubtedly is due t o  c o u n t i n g  losses. 

(b) B . - - E 8 c h  set of d e t e r m i n a t i o n s  inc luded  Sr 90 

added t o  i n e r t  bone or t r i c r l c i u a  phosphate as a check on 

the recovery for  t h e  O v e r 4 1 1  procedure .  The largest  loss due 

t o  manipulat ion was found t o  be i n  t h e  s t e p  i n v o l v i n g  separa- 

t i o n  of e t r o n t i u m  from ca lc ium by p r e c i p i t a t i o n  of the  r t r o n t i i  

w i t h  fuming n i t r i c  acid. This "recovery" test performed with 

known saaples co r re sponds  t o  t h e  chemical  y i e l d  tests that are 

Commonly done i n  other Srm procedures .  F i n a l  va lue6  must be 

Corrected for  this r ecove ry  fac tor  (see Table  2).  
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3 t r on ti urn 90 Recover e d Efficiency Strontiumw ( d / d  ~ d e d  (dim) (per cent 

35,774 32 , 898 91.96 

39 , 384 35,032 88.95 

76,799 67 , 508 87.90 

33,673 82.08 
41,025 

13,128 9,900 75.41 

16,410 11,983 73.02 

147,149 119,529 80.90 

97,147 79,048 81.37 

Average 82.70 

Standard Deviation u 3 6 .70  

LANL r 



. -=... , ,.*' ' 

(c) R e p r o d u c i b i l i t y  .- 
I a 

a l l  a n t l e r  sampletar t o  the  e x t e n t  allowed by t h e  amount of 

sample available, Where a large q u a n t i t y  of sample was 

a v a i l a b l e ,  replicates were run by two different i n d i v i d u 8 l s .  

Table 3 rhors the results of samplor r u n  in t r ip l ica te .  

(d) Sen8i t iv i ty . - -To a large e x t e n t ,  i n t e r e s t  in Srm 

d e t e r m i n a t i o n s  1108 in 8 i t u 8 t i o n 8  where in  t h e  isotope Conten 

is a t  v e r y  lor l e v o l s .  fa our procedure, the u8e of large 

sample8 (100 grams) rllors the  esaay of lor-1.~01 samples 

w i t h o u t  recourse to  complicated c o u n t i n g  equipment and very  

pro longed  c o u n t i n g  times. Table 4 8h-o the  countlng time 

necessary t o  o b t a i n  8 g iven  accu racy  for sampler cont8inlng 

given l e v e l s  of a c t i v i t y .  Thoro c a l c u l a t i o n 8  aro b8sed upon 

tho  following cons lde ra t ionm:  

(1) Background - 70 c/m. 

(2) A 100-gram bone mauplo contains 35 per c e n t  calciur 

therefore, a t  1 Sunrbine Uni t  (SU) tho aample yields 70 c/m, 

assuming 90 por c e n t  coun t ing  efficioncy. 

(3) Per cent rt8nd.rd d e v i a t i o n  = 

and 

00131478.066 
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TABLE 3. REPRODUCIBILITY OF RESULTS 

90 Strontium 
~ y p e  of Sample Year and Place W m / g . )  

ReindOOr antler 

Elk antler 

mer antler 

Deer antler 

Door long bone 

Elk 8ntlOr 

Elk r h l l  

Elk antlor 

Moore antler 

Caribou ant lor 

1958 

1956 

1958 

1955 

1957 

1957 

1957 

1956 

1953 

1953 

Nor Mexico 

Nor Mexico 

New Ye% I c o 

Colorado 

Colorado 

New Mexico 

Yukon 

Yukon 
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85.32; 86.38; 93.28 

23.25; 23.34; 22.17; 
23.37; 23.46 

12.61; 12.36; 12.06 

5.35; 6.37; 6.80 

8.31; 9.80; 9.40; 
10.08 

12.84: 12.13; 13.47 

17.07; 17.88; 18.13 

8.47; 8.16; 8.45 

2.21; 2.17; 2.30 

4.11; 5.35; 4.99 
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TABLE 4. COUNTING TIMES REQUIRHD TO OBTAIN GIVEN ACCURACY 

S t ron t iumm Content Standmrd Dovia t Ion Counting Time 
(8 .  U.) (por cent 1 (WiBUtOa) 

1 .o 
1 .o 
1 .O 

0 . 5  

0 .5  

0.1 

0.1 

10 

5 

a 
XO 

5 

10 

3 

3.4 

13.6 

85.2 

13.7 

31.8 

291 .O 
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R ( ~  + B) = counting rate of aample plum background 

% = counting rate of kckground - t i m e  for counting sample plu8 background 
t (S + B) 

tg - t i m e  for counting background 

(e) -.-=A camparison (Tablo 5)  of t h e  

tiass required to perform various parts of tho procedure $8 

b8dO with one other widely  used Srgo asmy mothod, namely 

the Harrsll procedure (1). 

(1) F .  J .  Bryant, A .  Morgan, rnd G .  S. Spic8r, A t o r i c  
Energy Rererrch Est8bliahmnt Roport AB=-8-30 (1959). 
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(H. Foreman and M. B. Roberts) 

INTRODUCTION 

AS r e p o r t e d  p r e v i o u s l y ,  d i e t h y l t r i a m i n e  p e n t r a c e t i c  

(DTPA) is a s u p e r i o r  c h e l a t i n g  a g e n t  f o r  h a s t e n i n g  t h e  

excret ion of heavy and  radioactive metal ions from t h e  body, 

The presen t  s t u d y  WaB Set up t o  determine  t h e  e x t e n t  t o  

which t h i s  d rug  cou ld  h a s t e n  t h e  e x c r e t i o n  of a n  a c t i n i d e  

element when deposited i n  t he  l u n g s .  T h i s  is a s i t u a t i o n  

of cons ide rab le  i n t e r e s t ,  because  i n h a l a t i o n  is a most l i k e l y  

mode for accumula t ion  of r a d i o i s o t o p e s  i n t e r n a l l y .  

METHODS 

Rvo groups  of an ima l s ,  e a c h  c o n s i s t i n g  of 5 Sprague- 

hwley  a d u l t  rats weighing 350 g, were i n j e c t e d  i n t o  t h e  

trachea w i t h  0 . 2  cc of a n e u t r a l  s o l u t i o n  of Am241 n i t r a t e  

in 0 . 5  p e r  c e n t  sodium c i t ra te .  Each an ima l  r e c e i v e d  about 

4 x lo5 d / m .  

animal i n  1 group w a s  g i v e n  1 cc of a s o l u t i o n  c o n t a i n i n g  

100 mg of DTPA, I n t r a p e r i t o n e a l l y .  The i n j e c t i o n s  were con- 

'hventy-four hour s  f o l l o w i n g  t h e  i n j e c t i o n ,  each  

tinued d a i l y  for § days ,  t h e n  s topped  f o r  2 days.  

regimen was con t inued  f o r  1 month. The an ima l s  were counted 

da i ly  i n  a whole body c o u n t e r  described p r e v i o u s l y .  

V l S  no a t t empt  made t o  collect t h e  excreta. 

T h i s  

There 
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RESULTS - 
The results p r e s e n t e d  i n  Fig. 1 show t h a t  t h e  d rug  was 

c o n s i d e r a b l y  e f f e c t i v e  i n  h a s t e n i n g  t h e  removal of the  i s o t o  

when t h e  r o u t e  of e n t r y  was t h e  r e s p i r a t o r y  t r ac t .  A t  t h e  en 

of 1 month, t h e  c o n t r o l s  had r e t a i n e d  70 per c e n t  of t h e  

o r i g i n a l  dose, whereas t h e  treated an ima l s  had a body c o n t e n t  

of on ly  16 p e r  cent. By t h e  end of t h e  t r ea tmen t  period, 

t r e a t m e n t  had become less e f f e c t i v e  as  ev idenced  by  t h e  f l a t t  

i n $  of the  r e t e n t i o n  cu rve  wherein t h e  slope of t h e  experimen 

group r a p i d l y  approached t h a t  of the c o n t r o l  group. I t  may 

that after a period of rest, resumption of t r e a t m e n t  would 

b r i n g  f o r t h  i n c r e a s e d  e x c r e t i o n ,  as was seen  i n  s t u d i e s  where 

t h e  180tOpe had been g iven  i n t r a v e n o u s l y .  

I t  must be p o i n t e d  o u t  that t h i s  is an unusual  t ype  of 

i n h a l a t i o n  expoeure i n  that t h e  material c o n s i s t e d  e n t i r e l y  

of 8 o l u b l e  materlrl, which remained largely i n  the body. If 

t h e  Isotope had been i n  a p a r t i c u l a t e  form, then  a large 

q u a n t i t y  of It would have been removed by mucous format ion  

and  c i l i a ry  a c t i o n .  S i n c e  samples of u r i n e  and feces were 

n o t  counted ,  It  was n o t  p o s s i b l e  t o  de termine  whether  eltCre- 

t i o n  had occur red  th rough  the u r i n e  or whether t h e  isotope 

had k e n  t r a n s f e r r e d  i n  a retrograde manner back i n t o  t h e  

upper  re8piratory tract  and swallowed and p8S8ed o u t  through 

t h e  g a s t r o ' l n t e s t i n a l  t ract ,  Nonetheleas, these r e s u l t s  are 

encourag ing  i n  the  n e t  effect of r i d d i n g  t h e  body of t h e  ieot 
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rig. 1, Effect of DTPA on excretion of Am24’ given into 
the respiratory tract of rats. 

-73- 

I O t b b 7 5  
f ,  j 

LANL 



* 
(H. Foreman, C .  C .  Lushbaugh, M. 5 .  Roberts, a n d  G. L. 
Humason) 

INTRODUCTION 

S t u d i e s  reported earlier (1) showed that t h e  a d s i n i s t r a -  

t i o n  of d l e t h y l t r i a m l n e  p e n t r a c e t i c  acid (DTPA) t o  ra t s  

produced a kidney  l e s i o n  which w8s demonst ra ted  h i s t o l o g i c a l 1  

by the use  of t h e  periodic acid Schiff  s t a i n .  

a " h y a l i n e  d r o p l e t "  d e g e n e r a t i o n  of t h e  proximal t u b u l e s  

(F ig .  1). Similar  s t u d i e s  showed thrt t h e  r e n a l  l e s i o n  pro- 

duced by e thy lened iamine  tetraacetic actd (EDTA) under  

similar c o n d i t i o n e  -8 a "vacuolar"  t ype  of t u b u l a r  degenera-  

t i o n  (Fig.  21, b u t  o n l y  hematoxyl in  and e o e i n  ware used ,  I t  

would be of c o n s i d e r a b l e  practical and theoretical i n t e r e s t  

t o  de t e rmine  whether  these are i n  fac t  t w o  separate l e s i o n s  

or whether one is d e a l i n g  w i t h  d i f f e r e n t  ~ ~ a o i f e s t a t i o n s  of t 

same lesion,  which have become apporen t  because of d i f f e r e n t  

p r o c e d u r e s  of d e m o n s t r a t i o n ,  

The lesion i o  

The d e l i n e a t i o n  of t he  l e s i o n  is of practical i n t e r e s t  

i n  e s t a b l i s h i n g  a safe dosage s c h e d u l e  for DTPA. 

relative n e p h r o t o x i c i t y  of t h e  two d r u g r  c o u l d  be e s t a b l i s h e d ,  

the dosage s c h e d u l e  for DTPA perhap6 cou ld  be set from t h e  

large cl inical  e x p e r i e n c e  that b r  boon o b t a i n e d  w i t h  t h e  

u s e  of EDTA. The p r e s e n t  s t u d y  was designed to  de te rmine  

If t h e  
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d e f i n i t i v e l y  whether two d i f f e r e n t  t u b u l a r  lesions are pro- 

duced. From a t h e o r e t i c a l  v i ewpo in t ,  it is desirable  t o  

know i f  it I s  p o s s i b l e  that two so cloeely similar chemical 

a g e n t s  could produce d i f f e r e n t  kidney lesions, 

be s u r p r i s i n g  indeed  and worthy of c o n s i d e r 8 b l e  i n v e s t i g a t l o a  

i n  i t se l f .  

T h i s  would 

The second part of t h e  s t u d y  w8s met up t o  de te rmine  t h e  

The "vacuolarn  mechanisa by which t h e  108iOnE were produced. 

l e s i o n  is s e e n  a f t e r  t h e  8 d m l n i s t r a t i o n  of many t y p e s  of 

s u b a t a n c e s , ' i . e . ,  sucrose, urea, c r e a t i n e ,  acacia, etc. The 

c u r r e n t  t h e o r y  (2) por r tu l a t e s  t h a t  the  pass8ge of these sub- 

s t a n c e 8  across t h e  ce l l s  of t h o  proximal tubu loa  (either in 

t h e  r e s o r p t i v e  or s e c r e t o r y  procesm) r e s u l t a  i n  t h e  formation 
I Of h y p e r t o n i c  solutions I n  t h e  cy toplasm of t h e  cell. This 
1 

leads t o  the i m b i b i t i o n  of rater i n t o  t he  cella, and d u r i n g  

t he  s t a i n i n g  process the  wa te r - con ta in ing  spaces show up as 

vacuo les .  There are  m n y  t h i n g 8  which this h y p o t h e s i s  does 

n o t  admqutelp e x p l a i n ,  among which are t h e  p e r s i s t e n c e  of 

V R C U O ~ O B  for aeoerrl days  whereas t h e  o f f e n d i n g  materials 

are eliafnated i n  hours, p h l o r i d z i n  doe8 n o t  p r e v e n t  the  io 

t i o n  of t h e  lomion, and t h o  l e s i o n  does no t  occur  in the dim 

t u b u l e  r e g i o n  where the t u b u l a r  f l u i d s  are p e r s i s t e n t l y  hyper 

t o n i c .  

The l e r i o n  seemingly  I s  produced by a r i d e  v a r i e t y  of 
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i nc lud ing  a s p i r i n .  Gene ra l ly  speaking, these 

iris are no t  altered i n  t h e  body b u t  pass th rough i t  mater 
u,lcbnged and are e x c r e t e d  by both glomerular f i l t r a t i o n  and 

s e c r e t i o n .  The f o l l o w i n g  postulates ,  i f  t r u e ,  may 

t h e  course of e v e n t s  r e s u l t i n g  i n  t h e  format ion  of 

the lesion: 

(a) The drople t  l e s i o n  s e e n  w i t h  PAS I s  an early stage 

of t h e  vacuolar  l e s i o n .  

@) The d r o p l e t s  are morphologic m a n i f e s t a t i o n  of t h e  

tubule a t  work and may r e p r e s e n t  a n  agglomera t ion  of the  

.itochondria. 

(c) The droplets are a l w a y s  formed d u r i n g  t u b u l e  secre- 

t ion rnd  r e s t i t u t e  t o  normal a t  rest, However, when t h e  

t u b u l e  cel l  is overworked, t h e n  t h e  d r o p l e t s  pe r s i s t  long 

enough so that t h e y  can be seen i n  a microscopic p r e p a r a t i o n .  

(d) When t h e  t u b u l e  is markedly overworked, then  t h e  

drople t s  accumulate  i n  agg lomera t ions  large enough t o  d rop  

out and l e a v e  a vacuole .  

In other words, the  l e s i o n s  are merely r e p r e s e n t a t i o n s  

Of t h e  over load  of t h e  k idneys  as they  attempt t o  r i d  the 

body Of an e x c e s s i v e  burden of f o r e i g n  subs t ance .  As t h e  

tubule ce l l s  r e s t i t u t e  a t  rest, so does the extreme utaniiesta- 

t ion r e f J t i t u t e ,  hence the r e c o v e r a b l e  n a t u r e  of t h e  l e s i o n .  

To test t h i s  hypothesis,  the f o l l o w i n g  exper iments  were set up. 
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MATERIALS AND UTBODS 

Parr-rmino-hippuric  a c i d ,  a muterial for  which t h e  tubu 

maximum has been w e l l  e s t a b l i s h e d ,  was g iven  i n  cons ide rab le  

excess I n  order t o  overwork t h e  k idneys  deliberately. If t h i  

g e n e r a l l y  cons ide red  non tox ic  ma terial produces l e s i o n s  under 

the88  c o n d i t i o n s ,  t h i a  shou ld  p rov ide  c o n s i d e r a b l e  s u b s t a n t i a  

for our h y p o t h e s i s .  Large q u a n t i t i e s  of acetate were given t 

experimental an ima l s  a l o n g  w i t h  D T P A ,  Acetate has been 8 h m  

t o  p r o v i d e  extra u s a b l e  f u e l  for work of t h e  t u b u l e  (3) and 

t h e r e b y  can raise t h e  t u b u l e  maximum. Acetate given  under 

these c o n d i t i o n s  shou ld  serve as a p r o t e c t i v e  a g e n t  against 

t h e  fo rma t ion  of t h e  lesion. A group of an lma l s  was g iven  

d i n i t r o p h e n o l  (IINP) a l o n g  w i t h  DTPA. This agen t  r educes  the  

c a p a c i t y  of t h e  k idneys  t o  do work by uncoupl ing phosphorylat 

from o x i d 8 t i o n  (3 ) .  Animals treated t h u s  shou ld  be more vu1 

n e r a b l e  t o  th. nephro tox ic  a c t i o n  of t h e  d rug ,  

All group. of  animals e x c e p t  for t h e  c o n t r o l s  were trea 

by t h e  standard nephro tox ic  procedure  described p r e v i o u s l y  ( 

To determine t h e  i d e n t i t y  of t h e  t u b u l 8 r  l e s i o n ,  the tissues 

from t h e  Dl'PA and t h e  EDTA treated animals were s t a i n e d  w i t h  

both EI and E and PAS. The para-os ino-h ippur ic  acid treated 

a n i m a l s  were g iven  t h e  a g e n t  i n  dose8 ranging f r o m  50 up t o  

300 mg/dry. The dose  producing  a plasma leve l  corresponding 

t o  the t u b u l r r  maximum w a s  approx imr te ly  100 mg/day. The 
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group rece i v  I n s  ce t t W 

diet t o  t h e  e x t e n t  of 
the 

s g iven  sodium acetate mixed w i t h  

10 p e r  c e n t ,  The group  r e c e i v i n g  

was given 50 my/day of t h e  d rug  i n t r a p e r i t o n e a l l y .  
Ds p 

RESULTS ANI) DISCUSSION 
a- 

I,, t h i s  s t u d y  b o t h  t y p e s  of l e s i o n s ,  t h e  d r o p l e t  and t h e  

degene ra t ion ,  were s e e n  i n  t h e  s e c t i o n s  from t h e  

D T p ~  and t h e  EDTA an ima l s .  The droplet  l e s i o n  w a s  s e e n  a t  

doses than  t h e  Vacuole l e s i o n ,  and  hence i t  is q u i t e  

t h a t  t h e  d r o p l e t  l e s i o n  is a p r e c u r s o r  t o  t h e  vacuo le  

lesion. 

droplet l e s i o n  w i t h  dose l e v e l s ,  s i n c e  t h e  s e v e r i t y  of t h e  

lesion va r i ed  g r e a t l y  from an ima l  t o  an imal  w i thou t  regard t o  

the dose, The v a c u o l a r  l e s i o n  f i r s t  appeared  a t  much lower  

dose l e v e l s  i n  t h e  EDTA a n i m a l s  t h a n  it d i d  i n  t h e  DTPA a n i -  

mals, I n d i c a t i n g  t h a t  DTPA is less nephro tox ic  t h a n  EDTA. I t  

was poss ib le  t o  produce t h e  d r o p l e t  l e s i o n  w i t h  doses of para-  

amino-hippur i c  acid exceed ing  t h e  t u b u l a r  maximum. 

I t  was n o t  p o s s i b l e  t o  correlate t h e  s e v e r i t y  of t h e  

The exper iments  u s i n g  acetate and DNP were i n c o n c l u s i v e ,  

The drop le t  l e s i o n  appea red  t o  be less s e v e r e  i n  t h e  acetate 

treated an imals  a t  a l l  dosea, when compared t o  a n i m a l s  treated 

w i t h  DTPA a lone .  

f i cu l t  t o  q u a n t i t a t e  t h e  s e v e r i t y  of t h e  d r o p l e t  l e a i o n .  

similar s i t u a t i o n  a p p l i e d  t o  t h e  DNP r e s u l t s .  

However, as s ta ted above, it was v e r y  d i f -  

A 

I t  appeared 
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that DNP worsened the l e s i o n ,  but t h i s  could not be t o l d  

c o n c l u s i v e l y .  

us ing  EDTA i n s t e a d  of DTPA, s i n c e  the vacuolar l e s i o n  pro- 

duced is much easier t o  q u a n t i t a t e  and correlate with dose 

l eve ls  with  the former drug. 

I t  w i l l  be necessary to repeat  the experiment 
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CBAPTER 3 

XDW-LEVEL COUNTING SECTION 

(B. E. C l i n t o n ,  J. 111. A l l e n ,  and 
E. C. Anderson) 

INTRODUCTION 

The program of measuring n a t u r a l  and  f a l l o u t  radio- 

a c t i v i t i e s  in milk  samples from 55 stations i n  t h e  United 

states and Canada hrs con t inued .  Because of the development 

of t h e  U. S. P u b l i c  Heal th  S e r v i c e ' s  and t h e  Canrdlan Depart- 

went of Health and Welfare's ne tworks  for r o u t i n e  mon i to r ing ,  

the LASL network w i l l  be reduced  a t  t h e  e n d  of t h i s  r e p o r t  

period t o  the  16 s ta t ions  listed i n  Tab le  1. These s t a t i o n 8  

will be c o n t i n u e d  for another f iscal  y e a r  in order t o  o b t a i n  

the  p a t t e r n  of v a r i a t i o n  for an a d d i t i o n a l  y e a r  w i t h o u t  tests. 

While no tests were conducted  d u r i n g  1959, t h e  p a t t e r n  for  

t h r t  year was n e v e r t h e l e s s  abnormal due t o  t h e  i n t e n s i v e  h igh  

l a t i t u d e  tests i n  t h e  f a l l  of 1958. On t h e  basis of p r e v i o u s  

@xpsrience,  it was concluded  t h a t  the reduced  n e t  would be 
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K) BE CONTINUED DURING 

7 .  Minnesota S t  illwater 
I 8 .  Missouri Spr ingf i e ld  

TABLE 1 .  MILK SAMPLING STATIONS 1 
FY 1961 1 

Torn State 

1.  Ca l i forn ia  

2 .  Idaho 

3 .  I l l i n o i s  

4. Kentucky 

5 .  Louisiana 

6 .  Michigan 

Tipton 

Idaho F a l l s  

Minonk 

Louisv i l le  

Franklinton 

Adrian 

9. North Dakota Bismarck 

Bingh8mton 10. New York 

Y i t c he 11 1 1 .  South Dakota 
12 .  Texas LaGrange 

13 .  Utah Ogden 

14. Vermont S t .  Alb8ns 

Bur l i n g t  on 15. Washington 
16 .  Washington Sunny8 i d e  

i 
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r '1 sdeQ "ate for t h e  s t u d y  of meteorological and ecological iac- 

tors. 
t h i s  requirement  and  for  r e l i a b i l i t y  of shipments  and d a t i n g .  

In the absence Of unexpected developments,  t h e  e n t i r e  pro- 

gram will be d i s c o n t i n u e d  a t  t h e  end  of f iscal  1961. 

The s t a t i o n s  were c a r e f u l l y  selected on t h e  basis of 

METHODS A N D  RESULTS 

137 

and K40 r a d i o a c t i v i t i e s  u s i n g  t h e  4 II l i q u i d  s c i n t i l l a t i o n  

counter (Humco I ) .  No p r o c e s s i n g  of the 50 t o  100 pound 

samples was r e q u i r e d .  The most s t r i k i n g  f e a t u r e s  of t h e  

1960 results are t h e  lack of s t r u c t u r e  and t h e  ve ry  lor 

l eve ls  t o  which the Cs13' has f a l l e n  i n  many l o c a t i o n s .  

AS befo re ,  direct measurements were made of t h e  CIS 

The character is t ic  f e a t u r e  of t h e  1959 data was t h e  

broad peak i n  milk r a d i o a c t i v i t y  which occurred in a l l  

stations. The rise began as e a r l y  as February  or March in 

some s t a t iobs  (Missour i ,  Texas, C a l i f o r n i a )  and as l8te as 

May or June  i n  others (North Dakota, Minnesota,  Hass8chuee t t s ) .  

Extremely h i g h  l e v e l s  were reached for brief periods of t i m e  

(e.g., 300 p g c  Cs13'/g K i n  Waahlngton, 200 ppc i n  M i E S O U r i  

and Louis iana) .  I n  c o n t r a s t ,  no s t a t i o n  has s h m  a s l g n i f -  

icant rise dur ing  t h e  first 6 months of 1960; the c u r v e s  are 

flat and s t r u c t u r e l e s s  and g e n e r a l l y  show a s t e a d y  d e c l i n e  

Cmr t h i s  per iod,  This i n d i c a t e s  that the 1959 pattern was 

L 
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unusua l ,  p robably  a res 

i n g  in t h e  f a l l  of 1958 

, .  

u l  

-~ 
, 6.-, . 

t of 

The 

- -- 

t h e  i n t e n a e  high l a t i t u d e  ter 

cesium l e v e l s  i n  most s ta t ion 

1 d u r i n g  1960 have been a t  or below t h e i r  v a l u e s  b e f o r e  t h e  

1959 peak, on ly  Missour i  and Ogden, Utah be ing  s l i g h t l y  

e l e v a t e d .  

For most of t h e  coun t ry ,  t h e  1960 t o  1859 r a t i o  is 0 . 4  

t o  0.8.  Washington and Vermont, t h e  h i g h e s t  p o i n t s  in the 

Uni ted  States, remain a t  t h e i r  January-February 1959 levels 

of a b o u t  80 ppc/g K, far below peak VAlues, and a slow bu t  

s t e a d y  d e c l i n e  has con t inued  throughout  the spring and 

summer. The lowest cesium v a l u e s  for mi lk  are shorn  by tbe 

C a l i f o r n i a  p o i n t s ,  some of which have reached l e v e l s  i n  J u  

at which the  cesium is no longe r  detectable (less than  

10 wc/g K) . These o b s e r v a t i o n s  s t r o n g l y  sugges t ed  t ha t  t 

up take  of cesium is p r o p o r t i o n a l  t o  d i f f e r e n t i a l ,  rather t 

t o  i n t e g r a l ,  f a l l o u t .  F i g u r e s  1 th rough 4 show t y p i c a l  c 

p a r i s o n s  of 1959 ( so l id  curve)  and 1960 ( p o i n t s )  data. 

1 
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INTRODUCTION 

The gene ra l  food s u p p l y  c o n t a i n s  s l i g h t  amounts of 

65  (1,~) i n  a d d i t i o n  t o  t h e  well known f i s s i o n  p r o d u c t s  Zn 
cs137 and Sr . 90 S i n c e  t h e  up take  and  r e t e n t i o n  of t h i s  

are large (3) , it  shou ld  be p r e s e n t  i n  people. 

Beace, we have re-examined t h e  gamma r a y  s p e c t r a  of 32 can- 

didates for t h e  Mercury a s t r o n a u t  program measured i n  t h e  

f i r s t  half Of 1959 for p o s s i b l e  traces of Zn6'. 

METBODS AND RESULTS 

These 32 men are fa lr ly  homogeneous with respect t o  age, 

weight, and g e n e r a l  p h y s i c a l  c o n d i t i o n .  They CUD. from d i f -  

forent parts of the c o u n t r y ,  A l l  were measured i n  both 

Eumco I and t h e  Humrn Spec t rometer ,  the  measuring time i n  t h e  

l a t t e r  being 30 minutes .  A l l  rpectra show t h e  u s u a l  CS 

rad K40; i t  is clear from curmory i n s p e c t i o n  that PDY o t h e r  

rrdlorrctivity p r e r e n t  must be i n  amounts small compared w i t h  

.these. 

CmPton edge (at  1.22 Nev) of t h e  prominent K 4 0  peak for a 

trace of d5 (gamma r a y  energy  - 1. I1 Mev) . I n  o r d u r  t o  take 

this i n t o  account ,  we made phantoms of s u g a r  and K C l ,  weighing 

137 

However, I t  is easy  to be misled I n t o  mis t ak ing  the  

and 180 pounds, T h i s  p e r m i t t e d  t h e  Zn65 r e g i o n  (channels  
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cor re spond ing  t o  1 .02  t o  1.26 M e V )  of t h e  human s p e c t r a  t o  

be corrected for t h e  IC4' c o n t r i b u t i o n .  

t h e  count  r a t e  i n  t h e  d5 r e g i o n  of t h e  human s p e c t r a  was 

reduced  from 30 t o  60 c/m t o  n e a r l y  z e r o  f o r  most s u b j e c t s .  

The s t a t i s t i c a l  d i s t r i b u t i o n  of these r e s i d u a l  count  r a t e s  

is shown in Fig. 1. The s t a n d a r d  d e v i a t i o n  of a s i n q l e  meas 

urement due t o  coun t ing  s t a t i s t i c s  is f 3 c/m. 

When t h i s  was done, 

DISCUSSION 

I t  is clear t h a t  t h e  s p r e a d  of t h e  d a t a  is g r e a t e r  than 

would be expec ted  from c o u n t i n g  s t a t i s t i c s  on ly .  T h i s  is 

probably  due t o  two f a c t o r s :  (a) t h e  phantoms used are not 

p e r f e c t  i m i t a t i o n s  of peop le  w i t h  respect t o  potassium d ia -  

t r i b u t i o n  and  gamma r a y  a b s o r p t i o n  and  s c a t t e r i n g ,  and 

(b) t h e  s teel  room which s h i e l d s  t h e  human spec t romete r  has 

a radon background which  varies e r r a t i c a l l y  from n e g l i g i b l e  

t o  a p p r e c i a b l e  amounts.  

ABaly8iS of t h e  data f r a  t h e  phantoms i n d i c a t e s  t h a t  

t h e  e f f e c t  of (a) is a b o u t  + 4 3 c/m. T h i s  p l u s  c o u n t i n g  

strtlstics would accoun t  f u r  much of t h e  h i r tog ram abou t  

zero; t h e  asymmetrical pos i t ive  t a i l  is mort l i k e l y  due t o  

r adon  i n  t h e  steel room. 

These considerrtioas allow a n  upper  l i m i t  of abou t  2 ap 

t o  be placed on p o a 8 i b l e  ZneS p r e s e n t  in there 32 s u b j e c t s  
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C/MIN ZINC6’ BAND 

Fig. 1.  Count ate In Zn6’ band (channels 46-58), corrected 
for Kd (32 subjecte) . 
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(which may be compared wi th  the average O B ~ ~ ~  content of 

these men, 10.7 mpc) .  

Zne5 is present, the amount is tr iv ia l .  

Hence, we may conc2udo that even If 
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Body Potassium i n  Man (B. E. C l i n t o n ,  W. H. Langham, 
a d  H v  E. 

INTRODUCTION 

l h o l e  body c o u n t i n g  of t h e  n a t u r a l  K4* a c t i v i t y  of t h e  

body h a s  provided  a n  e8sy  and rap id  method of determin-  

ipg t o t a l  body potassium. 

cellular and is, t h e r e f o r e ,  r e l a t e d  t o  t h e  c e l l u l a r  m8SS. 

Itrr measurement a f fo rds  a n  o p p o r t u n i t y  t o  c o r r e l a t e  body 

potisslum w i t h  gross body composi t ion  and w i t h  s u c h  phys- 

iologiC+l parameters as bas81 metabolic ra te .  

Body potassium is l a r g e l y  i n t r a -  

METHODS AND RESULTS 

Total body potassium h a s  been measured i n  some 4000 sub- 

jects by coun t ing  t h e  n a t u r a l  K40 a c t i v i t y  in t h e  4 n  

s c i n t i l l a t i o n  c o u n t e r .  The s u b j e c t s  were randomly selected 

i n  t h a t  they were a l l  casual v i s i t o r s  t o  t h e  H e r l t h  Research 

Laboratory. 

l i q u i d  

Analysis  of p r e v i o u s l y  pub l iohed  data h a s  con t inued ,  and 

8 ppcr has been s u b m i t t e d  t o  t h e  J o u r n a l  of Gerontology on 

the v i r i a t i o n  of K4' w i t h  age. 

cor re l a t ion  of t o t a l  body pot8ssium w i t h  basal metabolic ra te  

h a  been no ted  (Fig.  l), both f o r  17 s u b j e c t s  on whom basal 

~ e t r b o l i s r n  rates (BMR's) were de termined  p r io r  t o  K40 count- 

ing and for 1590 s u b j e c t s  for whom BXR's were c a l c u l a t e d  from 

An ex t r eme ly  i n t e r e s t i n g  
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1. Correlat ion between basal metabollc  rate and totn: 
body potassium. 
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age, and weight us ing  t h e  equations of Brody (1). A sex 

c o e f f i c i e n t  of 0 .976 is observed and an empirical 

equr t io* 

BYR (kcal/day) - 521 + 314 K (equivalents )  

been derlvod from the data .  The actual d i s t r i b u t i o n  of 

points  about t h l r  l i n e  8uggests  s i g n i f i c a n t  f i n e  struc- 

ture worthy of further invest  iga t ion . 

, pp. 424-426; EqS. 1-5 . Reinhold Publishing 
Corp., New York (1945). 

-97- 

001 31 478 

Cli. 
LANL 



'k - . , .  

-98- 

(E. C. 

Anderson,  R. L. Schuch, and V. N. Kerr) 

INTRODUCTION 

An improved l i q u i d  s c i n t i l l a t i o n  counter  (Genco 

operated a t  t h e  Second Conference on Peacefu l  Uses o 

Energy in Geneva du r ing  1958 and proved t o  be a tremendous 

improvement over  t h e  o r i g i n a l  humn coun te r  (Rurrco I) in 

terms of energy r e s o l u t i o n  and u s e f u l  energy range.  Th i s  

improvement m a  pr imar i ly  a r e s u l t  of t h e  improved e f f lc i  

of c o l l e c t i o n  of the  s c i n t i l l a t i o n  l i g h t  r e s u l t i n g  f r o a  t 

u s e  of the  large (nominal 14-1/2 i n . )  photocathode dinmet 

of t h e  new K=1328 m u l t i p l i e r  phototubes.  Genco has been 

r o u t i n e  ope ra t ion  at t h e  U. S. Army Medical Center  in Lan 

s t u h l ,  Germany, s i n c e  t h e  Conference, and a c c u r a t e  measure 

mente of K~ and cs 137 i n  some 4000 German c i v i l i a n s  have 

been cwpleted in a d d i t i o n  t o  other s t u d i e s  on thorotrast 

p a t i e n t s ,  fo?dmtuffs, and some tracer i n v e s t i g a t i o n s .  

In view of t h e  s u c c e s s  of t h i s  detector, the replace 

of Eurco I w i t h  an Improved v e r s i o n  wan decidod upon i n  1 

The new coun te r  was t o  embody t he  fo l lowing  basic improve 

Increased  e f f i c i e u c g  of c o l l e c t i o n  of t h e  e c i n t  (a) 

l a t i o n  l i g h t  through t h e  use of 24 large m u l t i p l i e r  photo- 

tubes .  
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(b) 

on through t h e  i n c r e a s e  of l i q u i d  s c i n t i l l a t o r  t h i ck -  

from 6 t o  12 i n .  

(c) 

Inc reased  coun t ing  e f f i c i e n c y  and energy discrim- 

inat' 

ness 
Inc reased  data p r o c e s s i n g  e f f i c i e n c y  through t h e  

of au tomat i c  card punching d i r e c t l y  from t h e  6 energy  @e 

w i t h  no OIanUal t r a n s c r i p t i o n  of data. 

(d) Inc reased  s a f e t y  and s i m p l i c i t y  through t h e  u6e of 

, s c i n t i l l a t i o n  s o l v e n t .  

METBODS AND RESULTS 

The new c o u n t e r  I8 rhown d u r i n g  assembly, i n  Fig. 1. 

The tank haa a capacity of 450 g a l l o n a  of s c i n t i l l a t o r  and 

ir hoxrgonal i n  cr0.8 r e c t f o n .  Four 14-1/2 in. diameter 

d t i p l i e r  pho to tuba r  aro mounted on each f l a t  face, giving 

I cathode area amounting to  22 per c e n t  of t he  total  wall 

area of the  c o u n t e r .  The s u b j e c t  well h a m  tho raw diman- 

rionr as i n  Eumco I (I .e.,  18 in. in diawter by 71 in, long). 

Tho countor i n  rhialded by a r too l  (naval  armor plat.) room 

with 7 in .  t h i c k  wrllr, Acoora t o  t h e  room for  coun te r  

rerviclng i r  t h r a u l h  a lrrgm door; rubjoctr and maaplar 

@ntor t h e  coun to r  by a t rough  rad rl lng arraagomant ,  am in 

h c o  I ,  

8hWa in F i g ,  0 .  

Tho trrnrirtoricod olectrorrlcr and oard punoh* are 
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Fig. 2 .  Transistorized electronics for H u m  11. 
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e 
The c o u n t e r  was s u c c e s s f u l l y  o p s r r t e d  i n  t h e  f a l l  of 

1959, and some r e s u l t s  were reported 8t t h e  V8nderb i l t  

Symposium (1). A s l i g h t  warping of t h e  tank  r e s u l t e d  i n  

c r a c k i n g  of the glass f r c e - p l a t e s  of s e v e r a l  of t h e  mul- 

t iplier photo tubes ,  and the c o u n t e r  was disassembled f o r  

rep8ir of t h i s  d i f f i c u l t y .  During the rep8ir o p e r a t i o n ,  t h  

lealuge of  a Cow i r r r d i 8 t i o n  source  elrserhere in t h e  bui ld  

iag r e l ru l t ed  in lor l e v e l  c o n t r ~ i n 8 t i o a  of t h e  shield and 

c o u n t e r .  

r u s t  remover, c w p l e x i n g  a g e n t s ,  hydroch lo r i c  acid, 8nd 

I 

Decontamination o p e r 8 t i o n s  w i t h  gre8re s o l v e n t s ,  

I 

f i n r l l y  a b r a s i o n  of the rurf8ca with d i s c  s a n d e r s  and shot= 

bl81!1ting r e q u i r e d  s e v e r a l  months. During t h i s  period, a na 

method o f  tube mounting warn des igned  and tested, to  cornpen- 

srte for t h e  w8rped t ank .  

The c o u n t e r  i 8  now (July 1980) reassembled and tests Q 

new m c l n t i l l a t i o n  s o l v e n t s  are con t inu ing .  Rout ine opera- 

tion $8 expec ted  i n  tbe f 8 l l .  

Toluane IS still the b0.t s o l v e n t  i n  terms of maxirum 

o u t p u t  p u l s e  he ight .  

terphenyl-POPOP filling is 8h-n in Fig. 3. R e s o l u t i o a  is 

35 t o  40 p e r  c e n t  f u l l - w i d t h  a t  half-hefgbt for X4*, which 

8dequrte t o  deterrine si~ultan~ou8ly d5 a D d  KW, for ex- 

8mple. Zinc'' h88 been i d e n t i f i e d  wi th  Humco If i n  one aut 

jact on t h e  basis of the  me8sured pu l8e  he igh t  spectrum. 

The parforuaco of Rumco 11 w i t & .  t c  

-102- 
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Of the other  s o l v e n t s  so f a r  i n v e s t i g a t e d ,  a colp.erclal 
* 

p a i n t  s o l v e n t  TS-28 appears t o  be t h e  boat promising.  I t a  

v o l a t i l i t y  is similar t o  that of kerosene ,  so that i t  does 

n o t  c o n s t i t u t e  a f i r e  hazard.  The p u l s e  heigbt ranges from 

80 t o  90 per cent of t h a t  of t o l u e n e  s o l u t i o n s ,  and optical 

t r a n s m i s s i o n  for a 10 cm l i g h t  path is 97 to 100 p e r  c e n t  

r e l a t i v e  t o  t o l u e n e .  Simple p u r i f i c a t i o n  on an A 1 2 0 3  adsorp 

t i o n  column is adequate. This s o l v e n t  w i l l  p robably  be used 

in Hum0 I1 i n s t e a d  of t r i e t h y l b e n z e n e ,  which was u8ed i n  

Genco. The la t ter  Is much more expens ive  and r e q u i r e s  d i s -  

t i l l a t i o n  from sodium for p u r i f i c a t i o n .  

REFERENCE 

(1) E. C. Anderaon, R. L. SChUCh, V .  N. Kerr, and M. A .  V8n 
D i l l a ,  Eueco XI: A Her 4 U  Liquid  S c i n t i l l a t i o n  Counte 
presented a t  t h e  Vandwbl l t  U n i v e r s i t y  Symposium on 
R a d i o a c t i v i t y  i n  Man (April  18-19, 1960), N a s h v i l l e ,  
Tenae8rree. To be publi8hed In t h e  Proceedings .  

* 
TS=28, a v r i l 8 b l e  frob the S b e l l  O i l  C w p m y ,  Mart inez,  

Calif ornfa. 
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INTRODUCTION 

The proved u t i l i t y  and i n c r e a s i n g  demand for  whole-body 

,rnsll-animal c o u n t e r s  prompted t h e  development and cons t ruc -  

tion of an improved l i q u i d  s c i n t i l l a t i o n  d e t e c t o r .  

type detector (LASAC 111, Fig.  I) w a s  des igned  t o  i n c l u d e  

maximum p h o t o m u l t i p l i e r  cathode area, t o  Improve tube  mount- 

ing t echniques ,  and t o  keep t h e  o v e r - a l l  detector as small 

8s possible  wi thou t  loss  of e f f i c i e n c y  or s e n s i t i v i t y .  This 

system permits low-level  measurements of a wide range  of 

gamma-emitting isotopes w i t h  c o u n t i n g  efficiencies t o  

60 per c e n t .  The lower l i m i t  of energy measurement ir 52 kev 

(Compton energy) ,  which permits bremS9tr8hlUng count ing .  

Further improvements u t i l i z i n g  s t a n d a r d  t r a n u i a t o r l z e d  elec- 

t r o n i c s  and selected low b8ckground s h i e l d i n g  have been 

incorpora ted .  

A well- 

RESULTS AND DISCUSSION 

The detector tank was c o n s t r u c t e d  similar t o  p r o t o t y p e  

LASAC If  (1) except that the  p h o t o m u l t i p l i e r s  a r e  f i t t e d  w i t h  

windowless t u b e  holders  (Fig. 2) and t h e  t u b e  f a c e s  are i n  

direct  c o n t a c t  w i t h  t he  s c i n t i l l a t o r .  T h i s  u n i t  c o n s i s t s  of 

a t ank  w i t h  a n  e l l ipsoidal  head 12-1/4 i n .  in diameter and 

- 105- 
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Fig. 2.. Photomultiplier tube holder. 
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1 2  i n .  long  w i t h  7 ,  3-in.  diameter DuMont p h o t o m u l t i p l i e r s  

f i t t e d  i n t o  a f l a t  plate on one end.  A c e n t r a l  coun t ing  

well 4-1/4 i n .  i n  diameter is surrounded by a n  annu la r  r i n g  

of s c i n t i l l a t o r  s o l u t i o n  4 i n .  t h i c k ,  c o n t a i n i n g  4 g / l  ter- 

phenyl  p l u s  0.05 g/1 POPOP i n  t o l u e n e .  The i n s i d e  s u r f a c e  

of t h e  detector is p a i n t e d  w i t h  a TIOZ pigmented epoxy res11 

which s e r v e s  a s  a r e f l e c t i v e  c o a t i n g .  

The bu lk  of t h e  background s h i e l d i n g  was f a b r i c a t e d  frc 

selected 7-1/4 i n .  armor p l a t e  forming an i n n e r  c u b i c a l  meu 

u r i n g  29 i n .  long,  18 i n .  h i g h ,  and 18 i n .  wide.  The door  I 

t h e  s h i e l d  is c o n s t r u c t e d  of a s t a i n l e s s  steel s h e l l  f i l l e d  

w i t h  a low background lead and f i t t e d  w i t h  a s l i d i n g  lead 

p l u g  t o  pe rmi t  access t o  the  c o u n t e r  w e l l  for r o u t i n e  opera- 

t i o n  (F ig .  3) .  As t h e  u n i t  was no t  t o  be p o r t a b l e  and f lool  

l o a d i n g  was no problem, t h e  s h i e l d  w a s  made large enough t o  

accommodate o t h e r  d e t e c t o r s ,  should  t h e  need arise.  T o t a l  

weight of t h e  s h i e l d  is approximate ly  3 t o n s .  

E l e c t r o n  i c  s 

P h o t o m u l t i p l i e r  t u b e s  are i n d i v i d u a l l y  balanced for 

p u l s e  h e i g h t  o u t p u t  and t h e i r  s i g n a l s  are connected i n  para1 

The o u t p u t  of t h e  p h o t o m u l t i p l i e r s  is f e d  i n t o  s t a n d a r d  

-108- 
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t r a n s i s t o r i z e d  e l e c t r o n i c s  c i r c u i t r y  c o n s i s t i n g  of preamp- 

l i f i e r ,  f i v e - s t e p  a m p l i f i e r ,  and a s ing le -channe l  ana lyzer  

of the t h r e s h o l d  plus slit type .  The informat ion  I s  read  

d i r e c t l y  from a scaler c o n t r o l l e d  throukh a p r e s e t  timer 

(Fig .  4).  

2 e r a t l o n a l  R e s u l t s  

Data ob ta ined  w i t h  a Cs13' s o u r c e  were analogous t o  

t h o s e  of pro to type  LASAC I f .  The s igna l - to-noise  r a t i o  wan 

10.1, and tube  n o i s e  interference appeared a t  52 kev 

(Compton edge) o r  150 kev E Optimum o p e r a t i n g  condi t ionr  

f o r  a g iven  i s o t o p e  are selected by c h n g i n g  the amplifier 

gain. The sl i t  w i d t h  range is c a l i b r a t e d  i n  gamma energy. 

A wide s l i t  (700 u n i t s )  was used because background remains 

low regardless of the  Operating l e v e l ,  as shown i n  Table 1. 

7 .  

REFERENCE 
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F i g .  4 .  E l e c t r o n i c s  and s h i e l d  for LiSAC III. 
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INTRODUCTION 
CI 

One  of t h e  r o u t e s  of e n t r y  of r a d i o i s o t o p e s  i n t o  man is 

penet ra t ion  through t h e  s k i n .  

t h i s  subjec t .  S ince  it seemed p o s s i b l e  t o  i n v e s t i g a t e  t h e  

matter w i t h  low l e v e l  w h o l e  body c o u n t e r s ,  w e  ca r r i ed  o u t  a 

f e 8 s i b i l i t Y  s t u d y  w i t h  t h e  human spec t romete r .  

Very l i t t l e  is known abou t  

METHODS AND RESULTS 

The main d i f f i c u l t y  i n  c a r r y i n g  o u t  a s k i n  a b s o r p t i o n  

experiment is t h a t  f r a c t i o n a l  a b s o r p t i o n  is l i k e l y  t o  be 

a a l l .  Hence, t h e  r a d i o a c t i v i t y  on t h e  tes t  area (hand or 

arm, probably)  may "swamp" t h e  r a d i o a c t i v i t y  absorbed through 

the s k i n  and  d i s t r i b u t e d  through the  body. T h i s  means t h a t  

the t es t  area on t h e  s k i n  shou ld  be h e a v i l y  s h i e l d e d  from 

the c rys t a l ,  and  any other  means of improving t h e  body test 

area r a t i o  s h o u l d  be used.  

In  o u r  expe r imen t s ,  we b u i l t  a small lead cave a d j a c e n t  

t o  t h e  arm of t h e  lawn cha i r  i n  which s u b j e c t s  r e c l i n e  d u r i n g  

a measurement. 

might t h r u s t  h i s  hand and forearm i n t o  i t  w h i l e  i n  t h e  lawn 

cha i r .  

The lead cave  was so p laced  t h a t  a s u b j e c t  

The opening p o i n t e d  h o r i z o n t a l l y  and toward t h e  rear 
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of t h e  s tee l  room (away from t h e  c r y s t a l ) .  The lead th i ck -  

ness was 2 i n . ,  e x c e p t  for t h e  two s i d e s  closest t o  t h e  

c r y s t a l  which were 4 i n .  t h i ck .  

I n  t h e  first exper iment  we measured background, t hen  

r a n  w i t h  abou t  100 pc Cs 13' (0.66 Mev gamma r a y s )  i n  t h e  

cave ,  and l a s t l y  r a n  w i t h  abou t  0.1 pc  C S ' ~ '  in t h e  seat o! 

t h e  lawn chair. 

ven ience  and because  t h e  a b s o r p t i o n  coefficient of lead is 

large a t  0 .66  Mev and rises r a p i d l y  a t  lower e n e r g i e s ;  thus, 

s o f t e r  gamma r a y  emitters (as Sr8', 1131, Cr51 ,  etc.)  would 

be easier t o  s h i e l d .  The s p e c t r a  ob ta ined  i n  t h e  Cs 

exper iment  are shown i n  F ig .  1. Although there is a l a r g e  

backscatter peak due t o  t h o s e  gamma r a y s  which e scape  throug 

t h e  cave  opening,  t h e  photopeak r e g i o n  (channels  55-70) is  

on ly  s l i g h t l y  above background, The coun t  ra te  due t o  

0.1 pc cs 137 i n  t h e  lawn cha i r  is much l a r g e r  t h a n  t h e  i n t  

Cesium13' was chosen because of its con- 

137 

I 
f e r e n c e  from t h e  100 pc i n  t h e  arm cave.  These data are 

summarized i n  Tab le  1. 

1 

60 I n  t h e  second exper iment ,  w e  d i d  a repeat u s i n g  C o  . 
This case is less f a v o r a b l e ,  s i n c e  t h e  a b s o r p t i o n  coefficir 

of lead is close t o  its minimum v a l u e  for Co60 gamma r a y s  

(1.25 Mev average), so that s h i e l d i n g  is less e f f e c t i v e ,  HU 

ever, even so, t h e  resul ts  were very  encouraging ,  as t h e  dat 

i n  T a b l e  1 show. 
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T A ~ ~  2. POSSIBLZ EXPERIMENTAL DESIGN FOR SKIN ABSORPTION 

7 
Amount Counting Error, 
on Hand 
or A r m  (w Sub j ec t Arm (minutes) 0.1% 0.02% 

Pos i t  ion Counting i f  Absorbed 
Time  

- 
10 Lawn chair Lead arm cave  30 3-4% 10-16% 

- 
t h a t  care be t a k e n  t o  avo id  s l i g h t  contaminat ion  of t h e  equip-  

ment, because  t h e  s k i n  t es t  area w i l l  c o n t a i n  a large amount 

of r a d i o a c t i v i t y  r e l a t i v e  t o  w h a t  is be ing  detected. PIith 

good t echn ique ,  this can  be r e a d i l y  accomplished.  Ne plan t o  

e n l i s t  t h e  a i d  of medical or biological  people  e l sewhere  i n  

the Group to  c o n t i n u e  t h i s  p r o j e c t .  
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(M. A .  Van D i l l a ,  
M. W. Rowe, R. D .  Hiebert, and J. A .  Sayeg) 

INTRODUCTION 

The d i scove ry ,  i n  1958, by Van Al len  and  h i s  collab- 

orators of  large zones  of h igh  energy charged p a r t i c l e s  

t r apped  i n  t h e  e a r t h ' s  magnet ic  f i e l d  has  s t i m u l a t e d  extea-  

s l v e  geophys ica l  i n v e s t i g a t i o n  and provoked a good deal of 

thought  as t o  p o t e n t i a l  hazards t o  man i n  space .  In t h e  

s p r i n g  of 1959, t h e  A i r  Force  S p e c i a l  Weapons C e n t e r  a t  

K i r t l a n d  A i r  Force Base reques t ed  t h e  cooperation of H-4 i n  

an effor t  t o  measure dose rates i n  t h e  Van Al l en  be l t s .  A s  

a r e s u l t ,  w e  des igned  and b u i l t  5 t i s s u e - e q u i v a l e n t  i o n  

ch8mbers which were described i n  t h e  p rev ious  semiannual 

report (1). These are s l a t ed  for A t l a s  and 609-A f l i g h t s  

f o r  t h e  summer and f a l l  of 1960. Twelve a d d i t i o n a l  u n i t s  

were made for AFSWC under c o n t r a c t  t o  t h e  E b e r l i n e  S n s t r u -  

rnent Company f o r  other  f l i g h t s .  

WETBODS AND RESULTS 

The LASL s p a c e  ion chambers now o p e r a t i o n a l  are  made of 

Lucit L u c i t e  and have been calibrated w i t h  Co60 gamma r a y s .  

was chosen o r i g i n a l l y  because it is a reasonab le  approxima- 

tion t o  s o f t  t i s s u e ,  i t  is r e a d i l y  a v a i l a b l e ,  and f a i r l y  earll 
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to  f a b r i c a t e .  S i n c e  time s c h e d u l e s  were s h o r t ,  these con- 

siderations Were o v e r r i d i n g .  c a l i b r a t i o n s  w i t h  CoGo gamma 

ray are easy t o  make q u i c k l y  and a c c u r a t e l y  a t  t h i s  Lab- 

so a g a i n  t h i s  w a s  t h e  method of choice. Now that 

these i n s t rumen t s  are i n  t h e  hands of AFSIC for dose rate 

,,asurementS i n  space ,  improvements and r e f i n e m e n t s  are 

possible. 

poton cal i bra t i o n ,  

These invo lve  t i s s u e  equ iva lence  and neut ron-  

DISCUSSION 

I t  was p o i n t e d  o u t  t o  u s  by John Rose of t h e  Argonne 

National Labora tory  t h a t  t h e  t i s s u e - e q u i v a l e n t  plastics de- 

veloped by Shonka e t  a l .  have improved t o  t h e  p o i n t  where 

they compare w i t h  or s u r p a s s  L u c i t e  i n  ease of f a b r i c a t i o n  

and a v a i l a b i l i t y .  As a r e s u l t  o f  d i s c u s s i o n s  w i t h  Dr. Shonka 

and our c o l l e a g u e s  a t  AFSWC, It was agreed t h a t  Shonka would 

make a p r o t o t y p e  f r o n t  end of t i s s u e - e q u i v a l e n t  plastic and 

LASLwould r e d e s i g n  and  bu i ld  t h e  r e s t  of t h e  u n i t  (elec- 

trometer c i r c u i t ,  t r a n s i s t o r i z e d  amplif ier ,  and power s u p p l y ) .  

The t i s s u e - e q u i v a l e n t  p las t ic  and gas f i l l i n g  are e q u i v a l e n t  

t omusc le  f o r  X r a y s ,  gamma rays, and  neu t rons ,  and  so rep- 

resent an improvement ove r  L u c i t e .  I n  a d d i t i o n ,  a n  e f for t  

would be made t o  minimize the amount of metal near t h e  sen=  

s i t i v e  volume because  of t h e  p o s s i b i l i t y  of r a d i o a c t i v i t y  
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produced by s p a l l a t i o n  r e a c t i o n s ,  

t h e  t i s s u e - e q u i v a l e n t  p l a s t i c  f r o n t  end has  j u s t  a r r i v e d  

from D r .  Shonka and design of t h e  rest of t h e  ins t rument  ir 

under  way. 

A t  t h e  p r e s e n t  r r i t l n g ,  

In a d d i t i o n  t o  t h i s  r e d e s i g n  using t i s sue -equ iva len t  

p las t ic ,  t h e  c a l i b r a t i o n  and r e sponse  of t h e  L u c i t e  ion 

chambers are being  extended t o  i n c l u d e  neu t rons  and high 

energy p r o t o n s .  When t h e  h a r d  p r o t o n s  of t he  i n n e r  belt 

Str ike t h e  space v e h i c l e  (and t h e  i o n  chamber it6elf)~ both 

n e u t r o n s  and r a d i o a c t i v e  s p a l l a t i o n  p roduc t s  can be produc 

Arrangements have been made by AFSWC w i t h  Dr. Tobias  of tho 

U n i v e r s i t y  of C a l i f o r n i a  a t  Berke ley  t o  expose one of t h e  

Lucite chambers (Eber l ine  S e r i a l  No. 3) t o  high energy pro- 

t o n s  i n  one of t h e i r  big accelerators. I n  the meantime, t 

r e sponse  of t h i s  chamber t o  both  Corn gamma rays and eeu t r  

h8s been measured a t  WSL. The Co60 c a l i b r a t i o n  covered t 

r ange  0.01 t o  100 r/hr and is shorn in Fig. 1. The neutron 

measurements, made with 2, 8 ,  and 20 Yew monoenerget ic  

neu t ron  be8ms a t  the v e r t i c a l  Van de Graaff g e n e r a t o r ,  8r8 

shown i n  Table 1. These data show t h a t  the neu t ron  r e spo  

of t h e  L u c i t e  chamber a t  t h e  t w o  h igher  e n e r g i e s  is qui te  

good, w h i l e  a t  t h e  lowest energy it f a l l s  o f f  considerably, 

T h i s  lat ter effect may be due t o  t h e  fact  t h a t  t h e  dimensi 

of t he  s e n s i t i v e  volume of t h e  i o n  chamber (about 3 in. RE 
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VOLTS OUT 

Fig. 1.  LASL space ion chamber (Eberline Serial No. 3) I 

P.;-128 eo6’ f a c i l i t y ,  8200 ohms l o a d .  

-121- 

00131478.1 



.. . . -. . . F---; j i: 

-122- 

I O 4 b 1 2 3  



g 
(u. A. Van D i l l 8  and E. C. Anderson) 

The f e r s l b l l l t y  s t u d y  outlined in the  p rev ious  semi- 

annual r e p o r t  (1) has now developed i n t o  a firm project, 

the o b j e c t i v e  of which i s  t o  p rov ide  Informat ion  on the 

cmpomit ion  and h i s t o r y  of t he  moon and Its surface radla- 

tion. This rill bo done by d e t e c t i o n  of t h e  gamut8 radla- 

tion from t h e  n a t u r a l  r a d l o a c t l v l t y  <ICm etalnly) of t he  

lunar surface, 

YB-S AND RESULTS 

The project ha8 moved iorrnrd c o n r i d e r a b l y  rod has 

chnged,  in 8- respects, since the previoum 80m3annurrl 

repor t .  The 8 r r r n g e m n t  wi th  the N 8 t S O l u l  A O r O ~ t a U t i C 8  and 

Space A d a i n l 8 t r a t l o n  through Its c o n t r a c t o r ,  t he  Jet Pro-. 

pulsion Irboratory of the C 8 l f f o r n l a  I n m t l t u t e  of Technology 

a t  Pamadear ha8 become firm; we are 'respmmlble for the da- 

trctor package, Radirtion I ~ t r u ~ e n t m  8nd Duvelopmont Ub- 

o ra to r io8  of Chicago has a c o n t r a c t  for the 336haan.1 mal- 

pzer and mort of the PUIS0 c i r c u i t r y ,  and t he  Jet Propulsion 

hbor8tory hand les  u t te r8  conce rn ing  t h e  v e h i c l e ,  telemeter- 

I W ,  t h e r u l  c o n t r o l ,  w c h n l c a l  d081eCn, etc. Profemmor J. R. 

h o l d  of the  Univermlty of C a l i f o r n i a  a t  L8 Jo118 (rho, w i t h  
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Professor H. C. Urey, conceived t h e  o r i g i n a l  idma8 for  the  

experiment)  is making theoretical p r e d i c t i o n s  of t h e  lunar  

radiation l e v e l s  and will assist in data i n t e r p r e t a t i o n .  

The gamma ray spectrometer ha6 been scheduled  on 

f l i g h t s  3, 4 ,  and 5 of t h e  so-called 

r o c k e t s  t o  be launched i n  1962. The v e h i c l e s  on which the 

spectrometer will fly are designed for lunar impact; i t  l a  

d u r i n g  t h e  last  10 minutes  before impact that  the spec- 

t rome te r  w i l l  be close enough t o  the  moon t o  respond t o  i t a  

gamma r a d i a t i o n .  During t h i s  short  t i m e ,  t he  c o n t e n t s  of 

the analyzer*s memory w i l l  be periodically telewtered back 

to  eorth; a t  impact, t h e  v e h i c l e  w i l l  be wrecked. 

series of 

* 

The design of the detector prck8ge ha8 also become 

firmer in t h e  past f e w  months. I t  rill consist of a phm- 

wich, a CBS CL-1003 p h o t m u l t i p l i e r ,  and a fast  pulne  rejec- 

t i o n  c i r c u i t .  The phoswich w i l l  be 8 c y l i n d r i c a l  C s f  (Tl) 

crystal, 2-3/4 x 2-314 in., completely surrounded by p l a s t i a  

a c i n t i l l r t o r  of 1/8 in, wall thlckaes6. Tbe CsI is tho ga 

ray detector, w h i l e  the  pla8tic acta as 8 guard c o u n t e r  (Or 

8 n t i c o i n c i d e n c e  sh i e ld )  t o  reject  pulmes due t o  faat ch8$ 

particles (cosmic rays). The detector package rill be a i t  

* Thr t  is, a l l  bu t  t h e  s o i r ~ g r r p b ;  t h i s  separ8tes a t  rbou t  
12 miles from the  moon rnd is erred dom by a r e t r o - r o c k o f . :  
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the end Of a 3 t o  4 f o o t  boom t o  minimize the effect of 

hotom g e n e r a t e d  by a cosmic ray bombardment of t h e  v e h i c l e ;  
on 

P 
+.his decision was based on t h e  r e s u l t s  of t h e  Russ ian  r o c k e t  

Luaik 11. 

D I SCUSS I ON 

If the l u n a r  s u r f a c e  r a d i o 8 c t i v i t y  resembles the  chon- 

dritic meteorites and has a minimum yz lue ,  I C ~  w i l l  be the 

sost hopefu l  n a t u r a l  r a d i o a c t i v e  species t o  look for. Our 

estfmntes of t h e  K40 signal and t h e  background i n  the 1.36 t o  

1.56 Mev r e g i o n  are as shown i n  Table 1. 

TABLE 1 .  ESTIMATES OF THE RADIATION FROM TgE LUNAR SURFACE 

- 
~ 

P signal (average, f i n a l  10 minutes)  3 c / m  

Background (cosmic rays, edge-c l ipp ing)  45 

Background (secondary photons from v e h i c l e ,  
ins ide)  180 

Background (secondary photons  from vehicle, 
3 f o o t  boom) 14 

Background ( l u n a r  surface, 500 km a l t i t u d e )  2.7 
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The first of t h e  c o n t r i b u t i o n s  to backgFound will be elim- 

i n a t e d  by use of the phosricb, and since w e  will have t h e  

advan tage  of a boom t h e  t o t a l  estimated background will be 

14 + 2.7 = 16.7 c/m. If t h e  background is well determined 

d u r i n g  t h e  long coast toward t h e  moon, t h e  s t a n d a r d  devia- 

t i o n  of t h e  K4* signal will be 

for a IO-lainuto c o u n t i n g  period. Thua, i f  t he  n a t u r a l  potar 

si- level  of t h e  l u n a r  surface is c h o n d r i t i c ,  t h e  chance oi  

d e t e c t i n g  i t a  presence seems marginal. flawever, if t h e  lunr 

surface reaemblea the earth's s u r f a c e  as a consequence of 

s e g r e g a t i o n  f o l l o w i n g  e x t e n s i v e  m e l t i n g ,  t h e n  the potascliua 

t c o n c e n t r s t i o n  will be higher by a factor of abou t  30 and be 
1 

i v e r y  obvioua (as will be t h e  uranium and thor ium series alia 

J 
Some c u r r e n t  theories of l u n a r  composition and h i s t o r y  pre- 

d l c t  e i t h e r  c h o n d r i t i c  o r  terrestrial composi t ion ,  so t he  

I '  e xpe r imen t  s h o u l d  p rov ide  impor t an t  e v i d e n c e .  

1 (1) Biological and Medic81 Research  Group (E-4) of t h e  XOI 
I* ,IF Divialoa - Semiannwl Report  J u l y  through December 191 

; r  j< (Februrrry 1960) 
I Loo A l a m o e  S c i e n t i f i c  Labora tory  Roport LAMS-2445 I 

a 
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CHAPTER 4 

y i c  C- (F. N. Hayes,  V. N. Kerr, 
E. Hansbury, and  D. L. W i l l i a m s )  

INTRODUCTION 

Much i n f o r m a t i o n  of direct physiological and  geochemical 

benef i t  and  a l so  p r o v i d i n g  s t a r t i n g  data f o r  g e n e t i c  extrap- 

o l a t ions  i n t o  t h e  f u t u r e  can  come from c a r e f u l  a s s a y s  of t h e  

d i s t r i b u t i o n  of t he  mass ive  q u a n t i t y  of C14 i n j e c t e d  I n t o  

t h e  atmosphere from 1954 through 1958 by n u c l e a r  weapons 

t e s t i n g .  B o t a n i c a l  e s s e n t i a l  o i l s  and zoological l i p i d s ,  

wldely  d i s t r i b u t e d  I n  t i m e  and geography, and  amenable t o  

liquid s c i n t i l l a t i o n  c o u n t i n g ,  are b e i n g  asuayed and r e s u l t s  

are being a n a l y z e d  for t h e i r  tracer i m p l i c a t i o n s  i n  the bi- 

ospheric  appearance ,  mixing, and d i sappea rance  of carbon.  
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METHODS AND RESULTS 

One p u b l i c a t i o n  on some of the  methods of t h i s  program 

and a n o t h e r  on r e s u l t s  w i t h  lemongrass o i l  have appeared In 

p r i n t  s i n c e  t h e  l a s t  report. During t h i s  period, e f f o r t s  

have been almost e x c l u s i v e l y  d i r ec t ed  toward chemical process  

i n g ,  and there are no corrected coun t ing  r e s u l t s  t o  report. 

The f o l l o w i n g  Inventory  of samples now ready t o  count  has 

been prepared: 36 from t u r p e n t i n e ,  19 from c i t r u s  o i l s ,  

8 from e u c a l y p t u s  o i l ,  and 8 from lemongrass o i l .  Carbon 

dioxide has  been q u a n t i t a t i v e l y  d e r i v e d  from t h e s e  samples 

and has been s e n t  t o  Dr. Wallace Broecker  a t  t h e  Lamont 

Geological Observa tory  for C13 a n a l y s i s  t o  allow u s  t o  co r rec  

t he  coun t ing  r e s u l t s  of t h e s e  samples f o r  C14 f ract ionat ion.  

I n  order t o  de termine  t h e  f e a s i b i l i t y  of measuring C 

up take  i n  humans, p r e l i m i n a r y  s t u d i e s  of methods of i s o l a t i o n  

and p u r i f i c a t i o n  of cholesterol have been made. A commercial 

sample of cholesterol has been p u r i f i e d  and counted .  Choles- 

t e ro l  hos also been isolated from hum8n fe ta l  b r a i n ,  a o r t a ,  

g a l l s t o n e s ,  and a carcinoma of the  l i v e r .  Samples of human 

b r a i n  frob 15- and 80-year-old I n d i v i d u a l s  have been obtained 

a t  au topsy ,  in a d d i t i o n  t o  2 f e t u s e s .  T i s s u e s  were obtained 

through the  c o o p e r a t i o n  of t he  Radiopatbology S e c t i o n .  The 

American Red Cross c o n t r i b u t e d  d r i e d  human plasma samples  

dated 1949, 1950, and 1954, for  measurement of pre-bomb C 

l e v e l s  i n  cholesterol. 
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* tal S stems for Li u i d  S c i n t i l l a t i o n  Doe iae t r  (D. I,, 
Nilliams and F. N. Hayes) 

INTRODUCTION 

A sys tem of "pa i red"  l i q u i d  s c i n t i l l a t o r s  has  been 

developed (1) f o r  making s imul t aneous  gamma ray and fas t  

neutron dose ra te  measurements i n  mixed r a d i a t i o n  f i e l d s ,  

as t h o s e  a r i s i n g  from t h e  p r o t o t y p e  Kiwi series of 

rocket p ropu l s ion  n u c l e a r  power u n i t s .  

dent upon e l e c t r o n s ,  and r e sponse  t o  f a s t  n e u t r o n s  I s  depen- 

dent upon hydrogen atoms. Hexaf luorobenzene,  which is 

hydrogen-free, is used  as s o l v e n t  i n  the s c i n t i l l a t o r  which 

is sensit ive o n l y  t o  gamma r a y s .  

so lu t e  i n  p-xylene h a s  been employed as t h e  hydrogen-r ich 

l i q u i d  s c i n t i l l a t o r  which r e sponds  t o  b o t h  gamma r a y s  and  

fast  n e u t r o n s .  Thus, w i t h  t h e  e s s e n t i a l  c a l i b r a t i o n s ,  t h e  

f a s t  neu t ron  rate is o b t a i n e d  as a c a l c u l a t e d  d i f f e r e n c e  

value.  

T h i s  system is depen- 

A s o l u t i o n  of a s u i t a b l e  

As used  i n  p h o t o d e t e c t o r s  f o r  measuring r a d i a t i o n  rates,  

t h e  neu t ron  r e s p o n s e  of  t h e  p-xylene system is on ly  0.22 time 

t h e  gamma re sponse .  With t h e  p r e c i s i o n  of these measurements 
e 

considered t o  be +5 per c e n t ,  i t  f o l l o w s  that the ratio 

0 . 2 2 / 0 . 0 5  - 4.4  I s  t h e  maximum r a t i o  of gamma-to-fast neut ron  

energy deposition rates a t  which a s i g n i f i c a n t  neu t ron  measure- 

ment may be made. S ince ,  in actual practice, s i t u a t i o n s  have 

! 
1 

I 
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been encountered  i n  which t h e  gamma-to-neutron r a t i o  was as 

h i g h  as 10 t o  1, it was considered h i g h l j l  desirable  t o  i n -  

crease t h e  response of t h e  hydrocarbon s y s t e m  t o  fast  

n e u t r o n s ,  i f  possible. 

METHODS AND RESULTS 

A s o l u t i o n  of 9,10-diphenylanthracene s o l u t e  i n  mineral 

oil (2 g/l)  g i v e s  a s c i n t i l l a t i o n  r e sponse  t o  e l e c t r o n s  meas- 

ured  as a r e l a t i v e  c u r r e n t  (2) which is about  23 per c e n t  

t h a t  ehown by a s imilar  s o l u t i o n  i n  p x y l e n e .  Minera l  oil 

has  51.5 per c e n t  more hydrogen than  E-xylene, on a weight 

br6ls. Therefore, d e s p i t e  the lower s c i n t i l l a t i o n  efficiency 

of its s o l u t i o n ,  m i n e r a l  o i l  shou ld  show abou t  50 per c e n t  

more re sponse  t o  f a s t  neu t rons  t h a n  E-xylene, relative t o  ' 

t h e i r  r e s p e c t i v e  gamma s e n s i t i v i t i e s .  C a l i b r a t i o n  of the 

paired l i q u i d  s c i n t i l l a t o r s ,  u s i n g  a Coco gamma s o u r c e  and 

tho Los Alolpos Godiva 11 reactor for a neu t ron  s o u r c e ,  showed 

that t h e  r e l a t i v e  fast neutron-to-gamma re sponse  of the 

mineral o i l  s c i n t i l l a t o r  I s  0.22, no d i f f e r e n t  than t h a t  of 

the  E-xylene sys tem.  

g r e a t e r  hydrogen d e n s i t y  of m i n e r a l  o i l  r e l 8 t i v e  t o  2-xylene 

is coun te rba lanced  by a 0.67 fold less e f f i c i e n t  s e n s i t i v i t y  

t o  recoil p r o t o n s  produced from t h e  neu t ron  spectrum of the 

Godiva source. 

This s u g g e s t s  that t h e  5 0  per cent 
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Another approach  t o  t h e  problem of i n c r e a s i n g  t h e  fas t  

r e sponse  of t h e  hydrocarbon l i q u i d  s c i n t i l l a t o r  was 

#de by t h e  i n c l u s i o n  of a s o l u b l e  gadol inium sa l t .  The 

neut ron  c a p t u r e  cross s e c t i o n  of gadol inium is approx- 

In a s o l u t i o n  of 9, lO-diphenylanthracene ima te ly  10 barns .  

in E-xylene (3 6/11 was d i s s o l v e d  1 per  c e n t  by w e i g h t  of 

grdolinium as t h e  2-e thylhexanoate  s a l t .  

response of t h e  gadol inium-lorded s o l u t i o n  was compared w i t h  

that of t h e  u n t r e a t e d  2-xylene s o l u t i o n  a t  v a r i o u s  neut ron  

energy levels. Each s o l u t i o n  was exposed t o  monoenerget ic  

neutrons from the  Los Alamos Van de Graaff accelerator. The 

response data f o r  t h e  gadol inium s o l u t i o n  were corrected for  

quenching due t o  t h e  gadol in ium s a l t  by means of r e l a t i v e  

current  measurements (2). The results, which are shown 

graphica l ly  i n  F ig .  1, show a n  i n c r e a s e  i n  r e sponse  of abou t  

22 t o  28 per c e n t  i n  the  1 t o  2 Mev r e g i o n ,  with lesser i n -  

creases  a t  t h e  higher energy  levels.  

The fas t  neut ron  

I n  comparison t o  t h e  s t a n d a r d  9,10-diphenylanthracene/ 

E-xylene l i q u i d  s c i n t i l l a t o r ,  n e i t h e r  m i n e r a l  oil /9,1O-diphenyl- 

anthracene n o r  t h e  gadolinium-loaded p-xylene s o l u t i o n  show a n  

increase i n  f a s t  n e u t r o n  s e n s i t i v i t y  which is cons ide red  of 

s u f f i c i e n t  consoquence t o  w a r r a n t  f u r t h e r  s t u d y .  

4 
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1. . 

(D. L. Williams and F .  N .  Hayes) 

INTRODUCTION 

Dose r8te device8 are needed which 81'0 crp8ble of me88- 

urlng lor gamma ray dose rates in the  f i e l d .  These dev ices  

should be dose rate r n d  energy indapeadent. Other  d e e i r o b l e  

features 8re am811 size, m o b i l i t y ,  8 minimum requi rement  

for  8ssociated e l e c t r o n i c  equipment,  and no requi rement  for 

AC electrical power. 

YETBODS AHD RESULTS 

A s u i t a b l e  photodetector 8nd s c l n t i l l r t i o n  unit was con- 

s t r u c t e d  by optically coup l ing  8 26 cc r i g h t  c y l i n d e r  of 

NE 102* p l ra t ic  s c i n t i l l a t o r  t o  the cathode of a 1 in. di8w 

W o n t  No, 6467 p h o t o m u l t i p l i e r  tube .  Before c e w n t l n g  w i t h  

Armatrong A 4  epoxy r e 8 i n ,  the piece of p b a t i c  (1 in. in 

diameter by 2 in.) w 8 8  sprrysd w i t h  white  Tygon p r i n t  w i t h  t 

e x c e p t i o n  of tha  polirhed s u r f a c e  8t one end. To minimize 

i o t e r n a l  r e f l O c t l o n  8t t h e  plast ic  m d  g l r a a  l n t e r f r c e e ,  the 

polimhed s u r f a c e  of t he  plastic was coated with a c o l o r l e a a  

grrde of Do*-Corning silicone gre88e before j o i n i n g  it t o  t 

* 
Nuclear E n t e r p r i s e s ,  IIIC., Wlnnipoe, Cam&. 
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1 
of t h e  p h o t o m u l t i p l i e r  tube .  To p r o t e c t  t h e  p las t ic  

an  aluminum c y l i n d e r  (1-1/8 In .  I n s i d e  diameter 
80 

M 
c b ~ a  for abou t  1/2 in. over  t h e  glass envelope  of t h e  t u b e ,  

The 

in .  i n  l e n g t h )  was machined t o  f i t  over  t h e  p l a s t i c  and 

unction between t h e  aluminum c y l i n d e r  and t h e  photo tube  

t h e  glass envelope  of t h e  pho to tube  were covered  w i t h  and 
electrical  t a p e  t o  e l i m i n a t e  l i g h t  leaks. 

The necessa ry  in t e rdynode  DC v o l t a g e s  were supplied t o  

pho tomul t ip l i e r  t u b e  from a b a t t e r y  pack made up of 46, 

22.5-volt batteries. The batteries.were a r ranged  i n  series t o  

give a d i f f e r e n c e  in p o t e n t i a l  of 135 v o l t s  between t h e  ca thode  

and t he  first dynode, 90 v o l t s  between each of t h e  n e x t  9 

atrges, and 80 v o l t s  from t h e  t e n t h  dynode t o  ground. 

current is drawn on ly  d u r i n g  t h e  t i m e  t h a t  t h e  photo tube  sees 

light from t h e  s c i n t i l l u t o r ,  t h e  u s e f u l  life of the b a t t e r y  

pack approaches s h e l f - l i f e  of t h e  batteries. 

S i n c e  

The c u r r e n t  g e n e r a t e d  by t h e  p h o t o m u l t i p l i e r  t u b e  is 

transmitted o v e r  low impedance c o a x i a l  cable t o  a galvanometer  

wi th  a n e t  i n p u t  r e s i s t a n c e  of lo00 ohms. The gamma dose r a t e  

range of t h i s  d e v i c e ,  as described, was abou t  2 mr/hr t o  

36 r /h r .  

the dynodes of t h e  p h o t o m u l t i p l i e r  t ube ,  gamma dose rates up 

t o  s e v e r a l  hundred r /min can  be monitored w i t h  a dynamic r a n g e  

of a t  least  1000 f o l d .  

By making s u i t a b l e  a d j u s t m e n t s  of t h e  v o l t a g e  across 
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Linearity of response of t h i s  t y p o  of gamma dose  rate 

d e v i c e  has been mll  establirhed (1) over  a r i d e  range  of 

dose rates ,  However, one l i m i t a t i o n  must be observed i n  

a d j u s t i n g  t h e  s e n s i t i v i t y  of the  detector for t h e  probable 

doae rate range  which is t o  be monitored.  When r e l a t i v e l y  

large anode c u r r e n t a  (>1 - pa) are d e l i v e r e d  for more than  a 

fer 1 ~ i n u t e 6 ,  a change In the response of the  p h o t o m u l t i p l i e r  

t u b e  I s  obmervod. D i f f e r e n t  brands  of t u b s  behave d i f -  

f e r e n t l y  undor these c i r cums tances .  For example, DtaMont 

No. 6467 t u b e r  show an i n c r e r a e  i n  s e n r i t i v i t y ,  whereas BCA 

No. 6199 t u b e s  always decrease i n  s e n ~ i t i v i t y .  From a s tudy  

of t h l r  f e a t u r e ,  t he  fo l lowing  g e n e r r l i z a t l o n a  may be made 

for DuYont No. 6467 tubes. At .bout 2 pa anode c u r r e n t ,  the 

tube8  are stable for abou t  15 minutes ;  a t  about  1 pa, the 

r e s p o n s e  i o  constant f o r  a t  l e r a t  30 minutes ;  and a t  ( 0 . 5  pa 

s t a b i l i t y  I s  good over  s e v e r a l  hours .  Tubs which have had 

a change In responae  r ecova r  over a period of time which is 

roughly  p r o p o r t i o n a l  to the  magnitude of t h e  change. 

* 

DISCUSSION 

By making the  appropriate a d j u s t m o t  of t he  v o l t a g e  

-- 
a p p l i e d  acrose t h e  dynodes of the  p h o t o m u l t i p l i e r  t ube ,  t h e  

-.uu * Tbir feature of p h o t o l u l t i p l i o r  tube  r e rponae  was first  
b rough t  t o  our a t t e n t i o n  by R. D. Hiebrt of Group P-1. 
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e r a t e  device described above can be used t o  monitor 
dOS 

dose rates in the  field over un extremely ride range, 

1 mr/hr to several hundred r/min.  
g W @  

e.g* ’ 
NO further work on t h i s  project is anticipated in the 

pesr future 

(1) D. L. Williams, F. N. I l rye~ ,  R. L. Schucb, R. L. Crar- 
ford, and R. D. Biebert, Lo8 Alasoo Scientific U b -  
oratory Report IA-2375 (1959). 
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(Aa Murray) 

INTRODUCTION 

The m i l d  ch ra r tog r rph ic  method of Bendlch (1) for the 

c h a r a c t e r i z a t i o n  Of biologiC8lly a c t i v e  nUChlC 8 C i d 8 ,  bp 

partial  seprrrt ion of the  polynucleo t ide  components of t he  

t o t a l  MJA (or RNA) from s i n g l e  (IOUC.8J h88 established the 

heterogenoous n a t u r e  of DNA. This o r o e n t i r l l y  reproducib le  

f r a c t i o n a t i o n  on the  an ion  exchanger ECTEOIA (2) apperrs t o  

depend largely on the molecular size or aggreg8t ion state of 

t h e  va r ious  polynucleo t ide  species 8s w e l l  8s t h e i r  base 

composition. Although t h i s  n i t rogen-con t r in ing  ce l lu lo6o  

d e r i v a t i v e  has found widespread a p p l i c a t i o n  i n  the chromatog- 

raphy of DNA, RNA, rnd v i ru8es  and in t he  purification of 

brcterlophage8, there hrs been no report of attempt6 t o  1.- 

prove the r e s o l u t i o n  of the cbromatogr8phic profiles.  

As grorter d i a c r i m i n r t i o n  in sepairr t ing a r c r w o l e c u l e r  

would be welcomed by every worker la the  f i e l d ,  i t  apperred 

desirable t o  (a) evaluate a l l  reported C h r ~ m a t O g r 8 p h i C  

methods through a s i n g l e  DNA specimen, (b) prep8re an im- 

proved c e l l u l o s e  d e r i v a t i v e ,  (c) correlate t h e  profiler y i e l  

by var ious  chromatographic media t o  tbose w i t h  tbe now COB- 

mercirllp aV8ilrble ECTEOLA, (d) determine the common phyri 

1 E o . t u n n y .  

* 
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prrrwters of the separated f r a c t i o n s ,  and (e) attempt t o  

d i f f e r e n t i a t e  t he  n a t u r a l  h e t e r o g e n e i t y  of a g iven  DNA from 

lbot a r i s i n g  th rough  d e n a t u r a t i o n  du r ing  the many and v a r i e d  

P‘ s e d u r e s  r e p o r t e d  fo r  its i s o l a t i o n ,  

METHODS AND RESULTS 

Tho u s u a l  p rocedures  of c e l l u l o s e  chemis t ry  have been 

raploped in t h e  p r e p a r a t i o n  of some 30 d i f f e r e n t  n i t r o g e n -  

containing C e l l U l O S e  a n i o n  exchangers .  

rod n i t rogen  a n a l y u i s  of each have peen de termined .  

t o  sc reen  t h e  effects of t y p e  of n i t r o g e n  grouping ,  amines 

The t i t r a t i o n  c u r v e  

I n  order 

were selected from 19 aliphatic,  7 aromatic, and  7 hetero- 

cyclic c l a s s i f i c a t i o n s .  

effects, bonding of t he  amine g roup  t o  t h e  c e l l u l o s e  c h a i n  

was effected through both ether and  ester l i n k s  of vary ing  

length. 

In order t o  s c r e e n  f o r  s p a t i a l  

The i n t e n t  is t o  pursue t he  s c r e e n i n g  with DNA and 

inves t iga t e  varirtions of any type that those r e s u l t s  may 

warrant . 
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P- Stud= (F. N. 
Bayos, A .  Murray, and D. G. O t t )  

In l i n e  with the r e c e n t  desire t o  i n c r e a s e  fundamental  

resorrch e f f o r t e ,  a s t u d y  of the f i e l d  of n u c l e i c  acid 

chomi8try was begun t o  de termine  how be6t our i n t e r e s t 8  and 

t a l e n t s  cou ld  be ch8nneled I n t o  t h i s  r 8 p i d l y  expanding and 

eminent ly  Impor tan t  f i e l d .  

DISCUSSION 

Our ef for t s  t h u s  far have p r l ~ r r i l y  been d i rec t ed  torrr 

8 e l f 4 d u c r t i o a  by s t u d y i n g  811 t h e  r v r i l a b l e  l i t e r a t u r e  and 

holding d iacu8s lon  s e s s i o n s .  Sow l r b o r a t o r y  work is i n  pr 

gro8s for f r r i l i r r i w t l o n  w i t h  so18 of t h e  s y n t h e t i c  and 

m r l p t i c 8 1  technique8  In t he  f i e l d  m d  for p r e p a r a t i o n  of 

Chemic818 8nd f a b r i c r t i o n  of r p p r r a t u r  which w i l l  be u s e f u l  

I n  t h e  narr f u t u r e ,  rhon t h i s  p r o g r r r  gets under way. 
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The programs of t h e  Biochemistry S e c t i o n ,  t h e  I n d u s t r i a l  

waste Treatment  Group, and t h e  Department of P l a n t  Pathology 

of purdue U n i v e r s i t y  have been suppor t ed  by t h e  s y n t h e s i s  of 

the fo l lowing  labeled compounds, t h e  f i g u r e s  i n  p a r e n t h e s e s  

being s p e c i f i c  a c t i v i t y  of the  r ad iochemica l ly  pure compound 

(in pc/g) on a carrier-free basis: 

(a) H -Deoxyribonucleic  acld 

(b) Dihydro lanos te ro l -25 ,  26-R2 (42.6) 

(c) 2,4,6-Trinitrotol~ene-l-C~~ (11.25) 

(d) l?-l-Octanol (81.4) 

3 

3 

In t h e  l as t  case (d) ,  where d i f f i c u l t  hand l ing  of small 

l i q u i d  samples of h igh  specific a c t i v i t y  was necessa ry ,  purl-  

f l c a t i o n  w a s  effected by format ion  of i n c l u s i o n  compounds, 

column a d s o r p t i o n  chromatography, f r a c t i o n a  1 recrys t a l l  ima- 

t lon of temporary so l id  der iv . t ives ,  f r a c t i o n a l  aicrodisti l la-  

t l o n  w i t h  low and h igh  b o i l i n g  i n e r t  carriers, and gas - l iqu id  

P r t i t i o n  chromatography. 
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CHAPTER 5 

RADIOBIOLOGY SECTION 

The InherI-lation-Induce~ Muta t ions  D e l e t e r i o u s  - 
-y i n  t h e  Mouse. Part 1. The 

G.aercrtloa6 of X-Irr8dirted Male Mice (J. F. Spa ld ing  

INTRODUCTION 
-IIc.HI 

The g e n e t i c  hazard8 of i o n i z i n g  r a d i a t i o n  are the  sub- 

j e c t  of much conce rn  and  c o n t r o v e r s y ,  and t h e  u rgen t  need 

for  more In fo rma t ion  on t h e  i n h e r i t a n c e  of r ad ia t ion - induced  

genetic damage i n  m a m m 8 1 8  has been stressed (1). Evidence 

that many muta t ion6  may have s l i g h t  dominant d e l e t e r i o u s  

e f f e c t s  or t h a t  t h e  g e n e t i c  load of r e c e s s i v e  muta t ions  may 

accumulate through t h e  germ l i n e  has been sugges t ed  by t h e  

Russell8 (2). T h i s  s t u d y  w8s des igned  t o  obse rve  t h e  reproduc-  

t i v e  performance and life span of the s i x t h  f i l i a l  g e n e r a t i o n  

from 5 g e n e r a t i o n 6  of X - i r r a d i a t e d  male mice. For a n  earlier 

report on t h i s  exper iment ,  t h e  reader I s  referred t o  Chapter 5 

of t h e  p r e v i o u s  eemiannual  report  (3). 
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METHODS 
-a- 

The mice used i n  t h i s  exper iment  were o b t a i n e d  from the 

mating of 1 p a i r  of RFM mice, w h i c h  were t r e a t e d  as desc r ibe  

i n  F ig .  1. The X-ray t reated male  mice i n  t h e  exper imenta l  

l i n e  w e r e  exposed t o  a s i n g l e  a c u t e  dose  of X r a y s  a t  28 dayB 

of age.  A c o n t r o l  l i n e  was main ta ined  p a r a l l e l  t o  t h e  experi  

men ta l  l i n e  t o  check for possible loss of v i g o r  through in- 

b r e e d i n g ,  

RESULTS AND CONCLUSIONS 

Tho r e p r o d u c t i v e  performance of t h e  s i x t h  f i l i a 1  genera-. 

t i o n  of 25 p a i r s  each  of expe r imen ta l  and c o n t r o l  l i n e  mice 

has been completed and ana lyzed ,  Nine b reed ing  c h o r a c t e r i s t  

were e v a l u a t e d  a s  f o l l o w s :  age  a t  first l i t ter ,  age  a t  l a s t  

l i t t e r ,  r e p r o d u c t i v e  l i f e ,  number of concep t ions ,  number of 

mice born ,  number of mice weaned, average  l i t t e r  size born, 

a v e r a g e  l i t t e r  size weaned, a n d  weaning weights .  

The mean 02 t h e  expe r imen ta l  group was less than  the  

mean of t h e  c o n t r o l  a roup  f o r  a l l  characterist ics observed. 

Although only  1 of t h e  c h a r a c t e r i s t i c s  tested (average wean- 

ing weight )  was s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  r e s u l t s  of F 

and s i g n  tests j u s t i f i e d  t h e  conc lus ion  t h a t  200 r a d s  of X 

i r r a d i a t i o n ,  d e l i v e r e d  t o  t h e  male mouse f o r  5 consecut ive  

g e n e r a t i o n s ,  r e s u l t e d  in her i t ab le  g e n e t i c  damage t o  t h e  ua- 

exposed F6 g e n e r a t i o n .  
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t ed  Male Mice (J. F. 
gpalding and  V. G. S t r a n g )  

INTRODUCTION 

T h i s  is a c o n t i n u i n g  exper iment  t o  observe t h e  reproduc-  

t i v e  performance, r e s i s t a n c e  t o  n o n s p e c i f i c  stress (low tem- 

pe ra tu re  and  c h r o n i c  gamma r a y  exposures ) ,  and life span  of 

the  e l e v e n t h  f i l i a l  g e n e r a t i o n  from 10 g e n e r a t i o n s  of X- 

i r r a d i a t e d  male mice. The  data  o b t a i n e d  from P a r t  I of t h i s  

study ( o b s e r v a t i o n s  on t h e  s i x t h  f i l i a l  g e n e r a t i o n )  i n d i c a t e d  

t h e  n e c e s s i t y  f o r  con t inuance  of t h i s  project ,  

The p o p u l a t i o n  of mice used i n  t h i s  s t u d y  o r i g i n a t e d  

from t he  s i x t h  f i l i a l  g e n e r a t i o n  of c o n t r o l  and expe r imen ta l  

mice i n  Part I .  The X-ray t r ea t ed  male mice were exposed 

acutely at 4 weeks of age, and o f f s p r i n g  from t h e  t e n t h  

f i l i a l  g e n e r a t i o n  of  t h e  c o n t r o l  and expe r imen ta l  g roups  

(non i r r ad ia t ed  e l e v e n t h  g e n e r a t i o n  mice) are be ing  observed 

for r e p r o d u c t i v e  performance,  r e s i s t a n c e  t o  n o n s p e c i f i c  stress, 

and l i f e  span. 

pig. 1, and a r e  mated I n  t h e  f o l l o w i n g  manner: 

F i v e  g roups  are under s t u d y ,  a s  shown i n  
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Group I 
Group I1 
Group 111 

Group IV 
Group V 

Group VI 

Group V I 1  

Group V I 1 1  

Cont ro l  
Irradia 

l i n e  male x i r r a d i a t e d  line female 
ed l i n e  male x c o n t r o l  l i n e  female 

Irradiated l i n e  male x i r r a d i a t e d  l i n e  
female 
S i s t e r - b r o t h e r  mated c o n t r o l  
Wonsis te r -bro ther  mated c o n t r o l  
I r r a d i a t e d  l i n e  male x i r r ad ia t ed  l i n e  
female, bred t o  con t inue  experiment  th rough  
F16 w i t h  X-ray exposures  t o  each g e n e r a t i o n  
of males 
I r rad ia ted  l i n e  male x irradiated l ine  
female w i t h  no f u r t h e r  X-ray exposures ,  
bred t o  test  f i l t r a t i o n  by n a t u r a l  selec- 
tion t h rough  5 g e n e r a t i o n s  
C o n t r o l  male x c o n t r o l  female bred t o  con- 
t i n u e  experiment  t h r o u g h  F16 

RESULTS - 
The r e p r o d u c t i v e  performance of t h e  first 5 group8 l i s t e d  

uader Methods is under  s t u d y .  Expected c o a p l e t i o n  date is 

March 1961. For repor t s  of! ear l ier  data, see Part I of t h i s  

report  (1) and Chapter  5 of the  p rev ious  semiannual  report (2Y. 
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I t  has been stated t h a t  t h e  recovery  ha l f - t ime follor- 

i n g  a c u t e  i r r a d i a t i o n  damage is s t r o n g l y  dependent on t h e  

s ize  of t h e  dose (1). A series of s t u d i e s  a r e  being con- 

ducted t o  determine  recovery  o r  r e p a i r  rates i n  I r r a d i a t e d  

mice and i f  p o s s i b l e ,  t o  establish t h e  actual r e l a t i o n s h i p  

between recovery  r a t e  and r a d i a t i o n  dose.  

. '  1 

1 

METHODS AND RESULTS 

Three  approaches are being undertaken t o  de te rmine  4 
r a d i a t i o n  r e p a i r  rates. I n  t h e  f i r s t  approach, groups of 

60 mice a r e  g iven  a single a c u t e  c h a l l e n g i n g  dose of Co 4 

After a l lowing  v a r i o u s  tin188 f o r  recovery ,  tbe 1 gamma r a y s .  
1 

i LDm f o r  each group is determined.  The r e s i d u a l  damage irr 

determined a t  each r e p a i r  t i m e  i n t e r v a l  t o  obtain t h e  r e p a i r  

ha l f - t ime  (RT& 

r e a u l t o  ob ta ined  t o  date. 

1 Tables 1 and 2 show t h i s  method and the 

In t h e  second approach, s e v e r a l  group of mice a r e  con- 

d i t i o n e d  w i t h  d i f f e r e n t  c h a l l e n g i n g  doses  and a l l  groups are 

a l lowed t h e  same r e p a i r  i n t e r v a l  p r i o r  t o  de te rmining  t h e  

LDm. The r e s i d u a l  damage is t h e n  determined f o r  each 
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dose. Table 3 shows t h i s  method and t h e  r e s u l t s  

ned t o  da te .  

The t h i r d  approach is t h e  f r a c t i o n a t e d  dose method, a s  

t rbulated i n  Tab le  4 .  One hundred and e i g h t y  mice were 

, 

1 “ill be determined ,  and w i t h  t h i s  i n fo rma t ion  t h e  r e p a i r  

t o  500 r a d s  of Co6* gamma r a y s  b iweekly  f o r  7 expo- 

The dose r e q u i r e d  t o  k i l l  50 p e r  c e n t  of t h e  mice 
1 

gures. 

Mif-time w i l l  be  estimated. 

These s t u d i e s  a r e  incomple te  as  of t h i s  da te ,  and o n a l -  

pes and i n t e r p r e t a t i o n  of t h e  p r e s e n t  and Subsequent  data 

r i l l  be p r e s e n t e d  i n  a f u t u r e  semiannual  r e p o r t .  

REFERENCE -- 
‘1) G. A .  Sacher, Reparable  and I r r e p a r a b l e  I n j u r y :  A 

, W .  D. Claus (ed.) ,  
Survey of the P o s i t i o n  i n  Ex?eriment and Theory, In :  

-155- 

00 1 31 478 

1 Q 4 b f S 5  



1 

-156- 

I 
I 

I 
I 
I 

N 
00 
t- 

I 
I 
I 

0 
k 
Q, 
N 

8 
d 

pc 

001 

LANL 



I 

c( 
Y 

a 
3 
0 
L 
0 

U 

a 
5 
0 
I. 
W 

8 
la 

8 
(0 

N 
b 
rl 

8 
(0 

8 ua 

0 m 
r( 

0 co 
I 
d 
N 
I 

v 

-157- 

oa I13 

LANL /!is 



#- Corn-: 

INTRODUCTION 

Young an ima l s  demonst ra te  t h e  a b i l i t y  t o  wi ths t and  a 

n o n s p e c i f i c  stress, such  as  subnormal tempera ture ,  better 

than  o ld  animals as i n d i c a t e d  by t h e  per c e n t  of s u r v i v o r s ,  

Numerous i n v e s t i g a t i o n s  also indicate  t h a t  s i n g l e  or mult iple  

doses of whole body i r r a d i a t i o n ,  a t  least  above a c e r t a i n  

t h r e s h o l d ,  r e s u l t  i n  t h e  l i f e  s h o r t e n i n g  of mammals. Both 

t h e  normal and r a d i a t i o n  ag ing  processes are poor ly  under- 

stood; however, t h e  above o b s e r v a t i o n s  provide  a means t o  

compare t h e  n a t u r a l  p rocess  w i t h  r a d i a t i o n  ag ing .  

This i n v e s t i g a t i o n ,  r e p o r t e d  i n  t h e  p rev ious  semiannual 

document w i t h  some of t h e  e a r l y  r e s u l t s  (l), w a s  designed t o  

obse rve  d i f f e r e n c e s  i n  t h e  two a g i n g  mechan i sms  in a s i n g l e  

s t r a i n  of irradiated and n o n i r r a d i a t c d  mice when exposed t o  

a n o n s p e c i f i c  stress such  as  cold.  

HETRODS AND RESULTS 

Female mice of t h e  RF s t r a i n  were used i n  this s tudy .  

The r a d i a t i o n  exposure  came from a low i n t e n a i t y  Co60 source. 

The 4 i r r a d i a t e d  groups  were exposed a t  t h e  age  of 3 t o  

5 months; however, t h e  beginning  of exposure of each  group 
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A 

t o  allow for  exposure  t e r m i n a t i o n  of a l l  groups t o  p,ried 
a t  t h e  same time. T h i s  was followed by a %-day 

every p e r i o d  b e f o r e  t h e  animals were subjected i n  i n d i v i d -  

cages t o  cold stress for 14 days  a t  6 t o  7OC i n  a walk-in 
reC 

lrrl 

A l l  an ima l s  s u r v i v i n g  the cold stress period 

observed for an a d d i t i o n a l  10 days  fo l lowing  the  strees 

The per c e n t  mortali ty reported is from both p e r i o d s .  

a o n i r r a d i a t e d  group of t h e  same c h r o n o l o g i c a l  age was 

,treered a l o n g  w i t h  irrrdiated groups .  

I n  t h e  etudy t o  observe t h e  effect of n a t u r a l  aging on 

res i s tance  t o  cold of the  RF s t r a i n ,  5 d i f f e r e n t  age  groups 

( I ,  8, 12, 20, and 24 months) have been stressed. Table 1 

shows the  results of 4 irradiated groups  observed r i n c e  t h e  

h a t  report. Tbe per cent m o r t a l i t y  i n  t h e  i r r a d i a t e d  groups  

is higher than  t h e  c o n t r o l  group wi th  s i g n i f i c a n t  d i f f e r e n c e s  

corresponding t o  t h e  whole body dose received by each group. 

Table  2 show8 the  r e sponse  of 5 n o n i r r a d i r t e d  groupa of 

The different age8 when expo8ed t o  a subnormal temperature. 

16 month o l d  group remino t o  be exposed t o  c o l d  stress. 

DISCUSSION 

Roa t h e m  a d d i t i o n a l  d8t8, I t  a g a i n  i a  e v i d e n t  that t h e  

rorponro of r ad ia t ion -aged  mice is similar t o  the responae of 

Qaturally-aged anima18, when both group. are exposed t o  a 
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AGE VERSUS RESISTANCE TO COLD STRESS OF RF FEMALE 
TABLE 2 o  MICE -- * 
Mice Stressed ' 

(No. 

** 
Age Mor ta 1 i t y  

(months) (per c e n t )  

100 

100 

96 

96 

83 

44 

4 

8 

12  

16 

20 

24 

14 

36 

27 

_- 
87 

100 

~ 

Stress period 14 days a t  6 t o  7OC. * 
** Includes deaths  during 10-day post stress per iod .  
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n o n s p e c i f i c  stress such a s  c o l d ,  

t h e  ag ing  mechanisms of t h e  natural  and r a d i a t i o n  processes 

are very similsr, a t  least Insofar as  t h e  a b i l i t y  of the  

animals to  withstand a specific environmental stress ( in  

t h i s  case, c o l d )  is concerned. 

I t  can be concluded that  

REFERENCE 

(1) Biological and Medical Reme&ch Group (H-4) of the  
Health D i v i s i o n  - Semiannual Report July through 
December 1959, Los Alrmo8 Sc ient i f i c  Laboratory Report 
LAYS-2145 (February 1960) .  
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INTRODUCTION 

The a d m i n i s t r a t i o n  before i r r a d i a t i o n  of a g e n t s  such  a s  

,¶s te ine,  cys teamine ,  g l u t a t h i o n e ,  S ,2 -an inoe thy l i so th i -  

uoniurn bromide (AET), etc., have been shown to  exert a 

p t e c t i v e  effect a g a i n s t  a c u t e  lethal doses of X i r r a d i a -  

t ion.  Very l i t t l e  informat ion  is a v a i l a b l e  a s  t o  t h e  long- 

term ef fec ts  t h a t  t h e s e  p r o t e c t i v e  a g e n t s  may have. I n  t h i s  

study, g l u t a t h i o n e  was a d m i n i s t e r e d  t o  CF1 female mice p r i o r  

to  a s i n g l e  l e tha l  or s u b l e t h a l  dose  of X i r r a d i a t i o n .  

L i f e  span  and  tumor i n c i d e n c e  of an ima l s  g iven  g l u t a -  

thione before 400 and 700 rads of X i r r a d i a t i o n  have been 

reported p r e v i o u s l y  and  compared t o  an ima l s  r e c e i v i n g  a 

single dose of 400 rads of whole body X i r r a d i a t i o n  and  t o  

nonirradiated a n i m a l s  (1,2) G l u t a t h i o n e  had a d e f i n i t e  

protect ive e f f e c t  i n  terms of l i f e  s h o r t e n i n g  and  tumor 

incidence a t  bo th  t he  l e t h a l  and  s u b l e t h a l  dose l e v e l s .  

Additional da ta  on the age s p e c i f i c  log r a t e s  of mortali ty 

Of i r radiated an ima l s ,  p r e t r e a t e d  and n o n t r e a t e d  w i t h  g l u t a -  

thione, are  p r e s e n t e d  h e r e .  
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METHODS 

The i r r a d i a t i o n  was d e l i v e r e d  as a s ingle  dose of 

yLL.cI 

250 KVP X r a y s .  

dose of 5 0  r a d s h i n .  G l u t a t h i o n e  (4 g /kg  body weight) was 

a d m i n i s t e r e d  subcutaneous ly  30 minutes  b e f o r e  I r r a d i a t i o n .  

The mice were treated and i r r a d i a t e d  a t  17 weeks of age 

w i t h  approximate ly  150 per group.  

The a i r  dose  was 52 r h i n  w i t h  a t i s s u e  

The groups were as  f o l l m  

Group I 

Group I1 

Group 111 

Group IV 

Group V 

400 rads whole body X i r r a d i a t i o n  

g l u t a t h i o n e  + 400 rads X i r r a d i a t i o n  

g l u t a t h i o n e  + 7 0 0  rads X i r r a d i a t i o n  

s p e c i f i c  control group, which r e c e i v e d  
g l u t a t h i o n e  only 

a g e n e r a l  c o n t r o l  group,  which received 
no th ing  

Fol lowing i r r a d i a t i o n ,  t h e  Gompertz f u n c t i o n  (logarithm 

of t h e  d a i l y  r a t e  of mortali ty) was d i s p l a c e d  upward from 

t h e  c o n t r o l  mortali ty rate. F i g u r e  1 r e p r e s e n t s  t h e  data 

of the age s p e c i f i c  ra tes  of m o r t a l i t y  for nonleukemia 

dea ths  in a l l  groups  as l is ted under Methods. 

dea ths  have been removed because of t h e  characteristic ph.8Ia 

t i m e  p a t t e r n  of appearance .  

l i n e a r  r e g r e s s i o n  of log mor t a l i t y  ra te  on age were obtained 

Leukemia 

Least squa re  estimates of t he  
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Fig. 1. Age specif ic  rates of mortality for CF protected 
and nonprotected mice following whole tody X 
Irradiation. 
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for e a c h  group.  

(i.e.,  the  slopes) d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from t h a t  or 

t h e  c o n t r o l  l i n e s ,  and the Lines  cou ld  be drawn para l le l  as 

shown . 

I n  a l l  i n s t a n c e s ,  t h e  r e g r e s s i o n  c o e f f i c i e n t l  

The Gompertz l i n e s  of a l l  i r radiated groups, whether 

treated or u n t r e a t e d  w i t h  g l u t a t h i o n e ,  were d i o p l a c e d  upwrrd 

from t h e  control groups. I n t e r e s t i n g l y ,  t h e  Gompertz l i n e s  

for t h e  g l u t a t h i o n e  pretreated g roups  which r e c e i v e d  400 or 

7 0 0  rads were i d e n t i c a l .  These l i n e s  d i d  n o t  differ s i g n i f -  

i c a n t l y  frolp that r e p r e s e n t i n g  the group which received 

400 rads of whole body X i r r a d i a t i o n  only .  Although t h e  

g l u t a t h i o n e  t r ea t l aen t  had l i t t l e  effect on t h e  mortali ty 

ra tes  of a n i m a l s  t h a t  received 400 r8d8, It  appears t o  have 

s i g n i f i c a n t  i n f l u e n c e  on t h e  death rate of raioulr t h a t  re- 
J c e l v e d  700 rad.. G l u t a t h i o n e  modified the  de8th ra te  of 
I 

a n i r r r l s  receiving 700 rads s u c h  that the  de8th ra te  of there 1 

a n i m a l s  was n o t  d i f f e r e n t  from t h e  a n i m a l s  which r e c e i v e d  

400 r a d s  of whole body X i r r a d i a t i o n ,  w i t h  or wi thou t  pre- 

t r e a t m e n t  w i t h  g l u t a t h i o n e .  
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4ge Levels  i n  CF 

N, Conklin) L. 

Mice (I .  U. Boone, G .  A .  Tra f ton ,  and 
>/u----- 

INTRODUCTION d 
4- 

T h i s  s t u d y  was des igned  t o  i n v e s t i g a t e  the c h r o n i c  

e f f ec t s  of s u b l e t h a l  w h o l e  body X i r r a d i a t i o n  as  a f u n c t i o n  

of age of CF1 mice a t  time of exposure.  

tion effects observed, t h e  a c u t e  m o r t a l i t y ,  per  c e n t  l i f e  

shortening, and tumor i n c i d e n c e  have been r e p o r t e d  (1,2,3), 

The r e s u l t s  i n d i c a t e d  t h a t  the  s e n s i t i v i t y  t o  a c u t e  e f f e c t s  

of i r r a d i a t i o n  appeared t o  be I n c r e a s e d  w i t h  t h e  age of t h e  

animal, w h i l e  t h e  c h r o n i c  de layed  e f fec ts  on l i f e  s h o r t e n i n g  

decreased w i t h  age. The tumor inc idence  data for a l l  mature  

age groups showed t h a t  the leukemia inc idence  v a r i e d  w i t h  

age in this s t r a i n  of mice. The  greatest  s u s c e p t i b i l i t y  was 

seen a t  2 months and t h e n  a t  18 months of age, 

Of t he  s e v e r a l  r a d i a -  

In a d d i t i o n  t o  t h e  above observed r a d i a t i o n  e f fec ts  on 

life s h o r t e n i n g  and  tumor i nc idence ,  age specif ic  10% ra tes  

of m o r t a l i t y  (commonly known as t h e  Gompertz f u n c t i o n )  were 

also determined.  
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m M E  

CF1 female mice from the same original random group were 

exposed t o  whole body X Irradiation of 100, 200, and 400 rad8 

a t  2, 6,  12, and 18 months of age. Groups of animals e X p O P w j  

a t  18 months of age contained 40  t o  50 animals, A l l  other 

irradiated groups had 150 animals. There were 390 animals 

In t h e  control group. Also from the mame original random 

group nonlrradiated mothers were chosen for breeding pwposoa, 

and t h e i r  babies were exposed a t  1 t o  7 days of age. This  

part of t h e  s t u d y  included females and males. Following 

irradiation, the babieo were placed wi th  t h e i r  mothers fo r  

30 day., weaned, and rerandomized. The number of animals i n  

each group variad between 80 and 100 a t  time of exposure. 

RESULTS AND DISCUSSIm 

The Ooepertz function (or logarithm of the daily rate 

of wortality) ha8 been w i d e l y  used as a means of measuring 

t h e  "aging" procoso following irradiation. The rate  of 

mortality increaises exponentially w i t h  age. T h i s  exponential 

incroase is characteristic of most mammalian species. Fol l  

ing irradiation, t h e  Gorapertz function is displaced upward 

from tho control mortality rate.  Figure 2 I l lustrates  rep- 

resentative data of t h e  age specific ra tes  of mortality fer 

nonleukemia deaths a t  2, 6 ,  and 12 months of age. I n  these 
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p a r t i c u l a r  c a l c u l a t i o n s ,  leukemia d e a t h s  have been removed 

because  of t h e  characteristic phasic  t i m e  pattern of appear. 

ance .  

Least square estimates of t h e  l i n e a r  r e g r e s s i o n  of log 

m o r t a l i t y  ra te  on age were o b t a i n e d  f o r  a l l  c o n t r o l  and 

irradiated groups.  I n  a l l  i n s t a n c e s ,  t h e  r e g r e s s i o n  coef- 

f i c i e n t o  (1.8.) the  s l o p e s )  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

froa that of t h e  c o n t r o l  l i n e s ,  and the l i n e s  cou ld  be dram 

parallel  as  ahown. As can be seen ,  t h e  log of t h e  d a i l y  

m o r t a l i t y  rate i n  t he  irradiated groupsl was d i s p l a c e d  upward 

frm the c o n t r o l  group, This displacement was n o t  as pro- 

nounced in a n i m a l s  which were irradiated a t  6 and 1 2  lPOnth6 

of age, a8 compared t o  those irradiated a t  2 months of age, 

Figure 2 r e p r e s e n t s  t h e  Gompertz l i n e s  of male and 

female mice irradiated a t  1 t o  7 days of age. F i g u r e  3 

g i v e s  t h e  data for  mice irradiated a t  18 months of age. 

These changes i n  d i sp lacement  c m  be f u r t h e r  illuartrrtr 

if one plots t h e  r a t i o  of d l s p l n c e r e n t  a t  each dose l e v e l  

versus t h e  age a t  which t h e  an ima l s  were irradiated, as s h  

i n  F i g .  4. This decrease in d i sp lacemen t  of m o r t a l i t y  r a t e  

a8 I, f u n c t i o n  of age a t  exposure  is w e l l  demonstrated a t  the 

400 rad dose l e v e l ,  t h e  greatest d isp lacement  o c c u r r i n g  in 

animals Irradiated a t  2 months of rge. The disp lacement  wa8 

even greater than  that s e e n  i n  mice irradiated i n  the first 

week of l i f e .  
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E f f e c t  of S i n g l e  S u b l e t h a l  Doses of Ni t rogen  Mustard (HN,) a c i  c OW tes o or 8 omper z unc- 
(I. U. Boone, 

G. A .  T r a f t o n ,  and L. M. Conklin)  

INTRODUCTION 

I t  has  been w e l l  e s t a b l i s h e d  t h a t  c e r t a i n  d rugs  may m i m i c  

some of  t h e  observed  effects of r a d i a t i o n ,  p a r t i c u l a r l y  t he  

p roduc t ion  of muta t ions .  T h i s  exper iment  was based on t h e  

h y p o t h e s i s  that a g i n g  is a r e s u l t  of gradual accumula t ion  of 

chromosomal a b e r r a t i o n s  or muta t ions  i n  somat i c  t i s s u e .  If 

t h i s  t h e o r y  is t r u e ,  any a g e n t  which c a u s e s  chromosomal damage 

shou ld  s h o r t e n  l i f e  span I n  an ima l s .  Therefore ,  t h i s  s t u d y  

was des igned  t o  I n v e s t i g a t e  t h e  long-term and  de layed  effects 

of n i t r o g e n  m U 8 t l r d  (EN2), a known chemica l  mutagen, as  com- 

pared  t o  whole body X i r r a d i a t i o n .  

I t  h a s  been reported p r e v i o u s l y  that HNz a d m i n i s t e r e d  as 

a s i n g l e  s u b l e t h a l  dose  t o  CF1 mice d i d  no t  s i g n i f i c a n t l y  

affect  t h e i r  l i f e  span  (11, w h i l e  400 rads of whole body X 

i r r a d i a t i o n  s h o r t e n e d  mean l i f e  span  38 p e r  c e n t  (2). I n  t h e  

CFW Swiss strain of mice, mean l i f e  span  was reduced 13.7 p e r  

c e n t  f o l l o w i n g  400 rads of whole body i r r a d i a t i o n  and 9 . 2  p e r  

c e n t  in mice r e c e i v i n g  3.5 mghg body weight  of HNz I n t r a -  

p e r i t o n e a l l y ,  These reduced  mean l i f e  span8 i n  CFW Swiss mice 

were s i g n i f i c a n t l y  d i f f e r e n t  from t h e  mean l i f e  span  of the 

c o n t r o l  g roup  of an ima l s .  The s t r a i n  d i f f e r e n c e  i n  l i f e  span 
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I 

r e d u c t i o n  f o l l o w i n g  s u b l e t h a l  d o s e s  of EN2 may be due  t o  the 

v a r l a t i o n  in induced leukemia seen in the  2 s t r a l n s  of mice, 

CF1 mice d i d  n o t  show an  increased i n c i d e n c e  of leukemia 

f o l l o w i n g  RN2, w h i l e  CFW Swiss mice that r e c e i v e d  3.5 mg/kg 

body weight of AN2 showed a n  increase i n  inc idence  of 1eukemi 

s i ~ i l a r  t o  that group of a n i m a l s  which r e c e i v e d  400 rads of 

whole body X i r r a d i a t i o n  (2,3). 

The logarithm of d a i l y  rate of m o r t a l i t y  (Gwpertz fun+ 

t i o n )  ha6 been widely  used as 8 me8ns of measuring t he  "aging" 

process fo l lowing  i r r a d i r t i o n .  Fol lowing  i r r a d i a t i o n ,  t h e  

Gwpertz f u n c t i o n  is d i s p l a c e d  upward from the  c o n t r o l  

m o r t a l i t y  rate. 

log rate8 of m o r t a l i t y  i n  the mice which r e c e i v e d  HNz t o  

those that r e c e i v e d  whole body X i r r a d i a t i o n .  

The p r e s e n t  r e s u l t s  compare t he  age specific 

Nitrogen mustard was a d m i n i s t e r e d  as . ingle  s u b l e t h a l  1; 

doses t o  CFl and  CFW Swisa f e u l e  mice. 

were chocron on t h e  basis of LDm r tudiem conducted on each 

a t r 8 i n .  The r a d i r t i o n  w88 d e l i v e r e d  as a single whole body i 
1 

doclo of 400 rads of 250 gYP X i r r a d i a t i o n .  The air  doae r8tW 
1 

wa8 52 r/mln with a t i s s u e  doae rate of 50 r rds /min .  The C??j 

mice were irradiated or treated a t  about  4 month8 of age, 8I 

t he  CFU Swias mice a t  about  3 months of age. 

The doses adminirtn 

1 

a 
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RESULTS AND DISCUSSXON 

F i g u r e s  1 and 2 i l l u s t r a t e  t h e  r e p r e s e n t a t i v e  d a t a  of 

age  s p e c i f i c  r a t e s  of mor ta l i ty  f o r  nonleukemia d e a t h s  fo l low-  

ing  a d m i n i s t r a t i o n  of HN2 and whole body r a d i a t i o n  i n  t h e  CFI 

and CFW Swiss s t r a i n s  of mice, r e s p e c t i v e l y .  Leukemia d e a t h s  

have been removed because  of t h e  characteristic p h a s i c  time 

p a t t e r n  of appea rance .  

Least s q u a r e s  estimates of t h e  l i n e a r  r e p r e s s i o n  of log 

m o r t a l i t y  ra te  on age were o b t a i n e d  f o r  a l l  c o n t r o l  and 

i r r ad ia t ed  groups .  I n  a l l  i n s t a n c e s ,  t h e  r e g r e s s i o n  coef- 

f i c i e n t s  ( i .e . ,  t h e  s lopes)  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from 

t h a t  of t h e  c o n t r o l  l i n e s ,  and t h e  l i n e s  could  be drawn 

p a r a l l e l  a s  shown. The log of t h e  d a i l y  m o r t a l i t y  ra te  w a s  

d i s p l a c e d  upward i n  t h e  i r r a d i a t e d  groups  f o r  b o t h  s t r a i n s  

of mice. 

t h e  Gompertz l i n e  from t h e  c o n t r o l  group.  

s t r a i n  of mice, t h e  d i sp lacemen t  of t h e  Gompertz l i n e  from 

t h e  c o n t r o l  l i n e  f o l l o w i n g  a d m i n i s t r a t i o n  of 3.5 mg/kg body 

weight  of HNz was similar t o  t h e  d isp lacement  f o l l o w i n g  400 rads 

of w h o l e  body X i r r a d i a t i o n .  The Gompertz l i n e  f o l l o w i n g  

2.5  mg/kg body weight of HNz, i n  t h i s  s t r a i n  of mice, d i d  n o t  

d i f f e r  s i g n i f i c a n t l y  from t h e  c o n t r o l  line. 

I n  t h e  CF1 mice, HN2 d i d  no t  s i g n i f i c a n t l y  d i s p l a c e  

I n  t h e  C F W  Swiss 
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Fig. 1. Age specific rates of mortality in CF mice fo l lw-  
l n g  administration of 8 single do80 04 EN2 or whole 
body X irradiation. 
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F i g .  2. Age specific rates of mortality for C F W  mice follow- 
i n g  administration of a single dose of €INz or whole 
body X irradiation. 
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(I. U. Boone and J. A .  Sayeg) 

INTRODUCTION 

The t r a n s f o r m i n g  p r i n c i p l e  of Hemophilus i n f l u e n z a e  

r e p r e 6 e n t 8  a b i o l o g i c a l l y  a c t i v e  material whose chemical and 

phy8iC.l properties are f a i r l y  w e l l  unders tood .  It is of 

v i t a l  i n t e r e s t ,  r e l a t i v e  t o  enzyme and  o t h e r  in vitro prepara-  

t i o n s ,  i n  tha t  i t  represents chemica l ly  t h e  e s s e n t i a l  con- 

s t i t u e n t  of t h e  g e n e t i c  f a c t o r  of  a l l  cel ls ,  human as w e l l  a s  

bacterial. 

T h i s  report covers some p r e l i m i n a r y  i n v e s t i g a t i o n s  o f  

t h e  effects o f  var ious  i o n i z i n g  r a d i a t i o n s  on the a c t i v i t y  

of Hemophilus t r a n s f o r m i n g  p r i n c i p l e  when irradiated i n  

s o l u t i o n .  

METHODS 

The t e c h n i q u e s  employed i n  t r ~ n s f o r 1 ~ 8 t i o n  were t h o s e  of 

Alexander e t  a l .  (1,2) as modified by  Goodgal ind Herriott.  

The i r r a d i a t i o n  o f  samples  in a l l  i n s t a n c e s  was a d i l u t e  

c i t r a t e - a a L i n e  s o l u t i o n  of t r a n s f o r m i n g  deoxyr ibonuc le i c  

acid (DNA). T h i s  was e q u i v a l e n t  t o  a p p r o x i m t e l y  0.08 p g h l  

of DNA. A d i l u t e  s o l u t i o n  was irradiated i n  order t o  avo id  

t h e  "excess" p o r t i o n  of the  s t a n d a r d  DNA-transformation cu rve .  
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The t r ans fo rming  DNA w a s  e x t r a c t e d  from H. i n f luenzae  

(Sa) cells r e s i s t a n t  t o  -2OOO p g h l  of s t r ep tomyc in .  I t  

was d e p r o t e i n i z e d  by chloroform-octonal  and prec ip i ta ted  by 

95 per c e n t  e t h a n o l .  

-15 t o  -20°C u n t i l  used.  A c i t r a t e - s a l i n e  s o l u t i o n  of DNA 

was i r radiated w i t h  the fo l lowing  i o n i z i n g  r a d i a t i o n s :  

250 JCVP X r ays  (which was used as t h e  base l i n e )  , Co60 goma 

rays (1.3 and 2.8 Yev), 14 .1  MeV neu t rons  provided by t h e  

Cockcroft-Ualton accelerator, and a f i s s i o n  neut ron  spectr 

from t h e  Lo8 Alamos Godiva cr i t ical  aa6embly. 

I t  was stored in c i t r a t e - s a l i n e  a t  

RESULTS AND DISCUSSIOEI 

I t  h86 beon shown p r e v i o u s l y  by others t h 8 t  d r y  DNA, 

when irradiated, has 80 e x p o n e n t i a l  t y p e  of i n a c t i v a t i o n  

reeponse .  I n  t h i s  s t u d y  where DNA was irradiated in solu- 

t i o n ,  t he  effect v e r s u s  dose r e l a t i o n s h i p  -8 exponen t i a l  

down to  approximate ly  2 per c e n t  of residual DNA. Data 

s h o r i n g  t h e  i n a c t i v a t i o n  of t r ans fo rming  p r i n c i p l e  as  a 

f u n c t i o n  of dose of 250 KVP X r a y s  are p resen ted  i n  Fig. 1. 

I n  the computat ion of r e l a t i v e  biological e f f e c t i r e n e r r  

(RBI) value# ,  on ly  t h e  s imple  e x p o n e n t i a l  p o r t i o n  of the 

effect v e r s u s  dose r e l a t i o n  was cons idered .  T h i s ' w a s  ass 

t o  be a v a l i d  comparison because of the  ve ry  low v a l u e  of t 

r e s i s t a n t  f r a c t i o n  (see Fig. 1). Table 1 lists t h e  LD3, 
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Fig. 1. Inactivation of Hemophilus transforming principle 
(DNA) as a function of dose of X irradiation. 
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(dose producing 37 per c e n t  i n a c t i v a t i o n )  a n d  t h e  p re l imina ry  

RBE v a l u e s  ob ta ined  w i t h  t h e  v a r i o u s  r a d i a t i o n s  i n v e s t i g a t e d ,  

when compared w i t h  X i r r a d i a t i o n  as t h e  base l i n e .  Most RBE 

s t u d i e s  a r e  des igned  t o  tes t  f o r  differences i n  e f f e c t i v e n e s s  

as a f u n c t i o n  of linear energy t r a n s f e r  (LET). LET v a l u e s  

f o r  each r a d i a t i o n  are also l i s t e d  i n  Table 1 so that they  

can be coarpared w i t h  the  RBE v a l u e s .  Although an i n t e r p r e t a -  

t i o n  of the r e s u l t s  of RBE v a l u e s  ob ta ined  is not attempted 

a t  t h i s  time, w i t h  t h i s  p a r t i c u l a r  s y s t e m  RBE a p p e a r s  t o  

decrease w i t h  i n c r e a s i n g  LET as i n d i c a t e d  by the  fact tbat 

Co60 gamma r a y s  were more e f f e c t i v e  than  250 KVP X r a y s ,  

while f i s s i o n  n e u t r o n s  were approximate ly  h a l f  as e f f e c t i v e .  
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lntsrcopaparison of F a s t  Neutron and Gamma Ra- 
AEC Ins ta l l -  (J. A .  Sayeg and  D. G: O t t )  

Because of the  numerous b i o l o g i c a l  exper iments  being 

conducted  on t h e  b i o l o g i c a l  effects of neut ron  i r r a d i a t i o n  

i n  a mixed f i e l d  (neu t rons  p l u s  gamma rays), it appeared t o  

be important t o  make dosimetry in t e rcompar i sons  a t  d i f fe ren t  

AEC i n s t a l l a t i o n . .  These i n t e rcompar i sons  would, i n  pr inciple  

e l i a i n 8 t e  any biological effect v e r s u s  dose d i s c r e p a n c i e s  

a r i s i n g  from dwimetric measurements. These intercomparisons 

were conducted a t  the  B e r k e l e y  60 in. c y c l o t r o n  i n  cooperation 

w i t h  Y r .  Gene T o c h i l i n  of t h e  Radiological Physics  Branch, 

U. S. Naval Radiological Defense Laboratory i n  San Francisco, 

C a l i f  o r n i a  . 
METRODS A N D  RESULTS 

The Berkeley 60 i n .  c y c l o t r o n  is able  t o  produce a soft 

f8.t neu t ron  spec t rum by bombarding a t h i c k  be ry l l i um t a r g e t  

with 12 Mev p r o t o n s .  T h i s  spec t rum has been measured by 

T o c h i l i n  and Kobler  (1) and a p p e a r s  t o  be very  s imilar  t o  a 

f i s a l o n  spec t rum.  

The n e u t r o n  aad gawa dosimeters provided  by t h e  Bimedl 

Research Group (E-4) of t h e  Lo8 A l a m o s  S c i e n t i f i c  Laboratory 

i n c l u d e d  the  followtng: threshold d e t e c t o r s  of Pu*~’, Np J 
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u2380 and S32 (2) , bery l l i um-she l l ed  t i s s u e - e q u i v a l e n t  and 

graphi te-C02 i o n i z a t i o n  chambers (31, Hurst  p r o p o r t i o n a l  

c o u n t e r ,  and s i l v e r  phosphate  g lass  rods. The dosimeters 

used by t h e  USNRDL inc luded  n u c l e a r  emuls ions ,  s u l f u r  f o i l s ,  

and f i l m .  

Data o b t a i n e d  w i t h  t h e  t h r e s h o l d  detectors have n o t  been 

completely e v a l u a t e d .  However, i n  Tab le  1 are shown the  

p r e l i m i n a r y  r e s u l t s  for  t h e  t i s s u e - e q u i v a l e n t  and graphite-C02 

i o n i z a t i o n  chambers, Hurs t  p r o p o r t i o n a l  c o u n t e r ,  s i l v e r  phos- 

ph8te glass rods, n u c l e a r  emuls ions  p l u s  s u l f u r  moni tor ,  and 

f i l m .  The agreement between t h e  d i f f e r e n t  sys tems appeare  

t o  b e  good. The estimated u n c e r t a i n t y  In  t h e  LASL neut ron  

ms8surements is approximate ly  10 t o  15 per c e n t .  The un- 

c e r t a i n t y  i n  t h e  s i l v e r  phosphate  glass rod gamma measurement 

is a lso  approximately 10 per c e n t ,  whereas the  u n c e r t a i n t y  

of gamma dose as measured by t h e  graphite-C02 chambers may 

be as much as 50 per c e n t  due t o  t h e  lor gaona-to-neutron 

dose ratio (3). 
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- A dva n c e p p  
CI N e u v  (J. A .  Sayeg) 

I NTRODUCT I ON 

Although the  threshold detector t echn ique  as proposed 

by Hurs t  and h i s  co-workers (1,2) was dev i sed  mainly f o r  t h e  

e v a l u a t s o n  of neu t ron  t i s s u e  dose (31, it has been used ex- 

t e n s i v e l y  i n  t h e  f i e l d  for measurement of neut ron  f l u x  and 

spectra. I n  t h e  Godiva c r i t i c a l  assembly s t u d i e s ,  however, 

there have always been s e r i o u s  d i s c r e p a n c i e s  (approximately 

50 per c e n t )  i n  t he  Np237 f o i l  e v a l u a t i o n s  of neut ron  f l u x  

above t h e  Np237 threshold a t  0 . 7 5  MeV (4 ,s ) .  

a n c i e s  arise when a comparison is made w i t h  t h e  data of 

F rye ,  G a m m e l ,  and Rosen ( 6 ) ,  which were ob ta ined  by the  f i l m  

Them discrep- 

track method. In view of t h e  importance of o b t r i n i n g  con- 

s i s t e n c y  i n  neu t ron  f l u x ,  s p e c t r a ,  and t i s s u e  dose eva lua-  

t i o n s ,  it appeared of i n t e r e e t  t o  i n v e s t i g a t e  t h e  threshold  

detector method more c r i t i c a l l y .  Pr ior  t o  t h e  most r e c e n t  

c a l i b r a t i o n  methods adopted by t h e  Oak Ridge group (718 it 

was thought  t h a t  a s i n g l e  Pu239 f o i l  s u f f i c e d  for  a calibra- 

t ion t o  e v a l u a t e  t h e  neu t ron  f l u x  c a u s i n g  a c t i v a t i o n s  of t h e  

PuZ3', Np237, and U 238 f o i l s .  This was b e l i e v e d  t o  be t r u e  

i n  view of t h e  o b s e r v a t i o n  t h a t  a l l  decay cu rves  were the  

same (1). T h e i r  most r e c e n t  s t u d i e s  ( 7 ) ,  however, show that 

such  is n o t  t h e  case and t h a t  e q u i v a l e n t  f o i l s  of Np237 and 
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proper calibra t lons .  3 
ME"'H0DS A N D  RESULTS 

Equiva len t  f o i l R  a8 propoaed by H u r 8 t  8nd his co- 

worker8 ( 7 )  w e r ~  f a b r i c a t e d .  Tbs corpo81t ion  of each f o i l  

i 8  s h o r n  in mble 1. These foil8 were expo6od t o  8pprOXiB.t@lr 

3 x 10l1 n/cm2 ( t h o r u l )  a t  t h e  Lo8 A l a m o m  W8ter Boiler and 

were followed on a s inglo  tube gama f18610n coun to r  (4,8) 

fo r  approximate ly  7 hours  a f te r  i r r a d i a t i o n .  One-lmlf mil 

Aulg7 f o i l s  were placed on t he  s i d e  of each f o i l  t o  e v a l u r t r  

t h e  f lux deprermion and self - s h i e l d i n g  (8)  . 
The d0C.y cu rve8  of the  e q u i v a l e n t  foi l6  a r e  shown in 

Fig. 1. h o  thremhold coun t ing  biaa valuom were chosen, 

0.51 and 1.1 MeV.  The f o i l s  were irradiated w i t h  t h e  same 

thermal f lux .  The d i f f e r e n c e  in a c t i v i t y  por u n i t  mas8 

between the  Fu239 fo i l  and e q u i o 8 l e n t  NP'~' f o i l  was fooad 

This d i f f e r e n c e  accounte 

fo r  approxim8te ly  30 per c o n t  of the 50 per c e n t  di8crepancy 

obsorved w i t h  tho f i l m  track method ( 6 ) .  

t o  be approximate ly  30 por cotat. !I 

A f u r t h e r  i n v e s t i g a t i o n  was made concerning tha "best 

f i t "  C F O S ~  s e c t i o n s  t o  be used in the  f lux  e v r l u a t i o n o .  Tho 

most r e c o n t  and U238 croos s e c t i o n 8  (9) and t h e  a v a i l -  

able Pu 239 cross sections In tho Brookhaven Nation81 Lab- 

o r a t o r y ' n  roport (10) were weighted by Godiva and uadegraded i 
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Fig. 1. Decay curves for Pu239 and equivalent  f o i l s  of 
33~'~' and UZ3*. 
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fiaaion s p e c t r a  (6 )  t o  o b t a i n  "best fit" v a l u e s ,  which are 

shorn i n  Table 2. Likewise,  t h e  f i r s t  c o l l i s i o n  dose 

v a l u e s  were also weighted by these s p e c t r a  and are shown 

i n  Table 3. 

Uming t h e  e q u i v a l e n t  f o i l  r e t h o d  of c a l i b r a t i o n  (7) and 

t h e  best f i t  v a l u e s  for  fas t  n e u t r o n  cro.6 s e c t i o n s  and  the 

first c o l l i s i o n  dose v a l u e 8  (81, good agreement  is obta ined  

between t h e  f i l m  track and the  t h r e s h o l d  detector methods. 

Theme comparimons are s h o r n  i n  Table 4. Computations are 

now under  ray t o  correct the  R l r i - A  data. 
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TABLE 1 .  COMPOSITION OF EQUIVALENT FOILS 

.- 

Equivalent 
Weight Pu239 Weight U235 Weight Pu 23 9 

Foi l  Number (mg) (mg) (me ) 

9 .88  

5 .29  

239) 

N - 1  (equivalent  Np 

P-1 (Pu 
237) 

_- 8 .88  

7 .13  10 .6  

8 . 8 2  3.96 11 .8  238) U-1 (equivalent  U 

TABLE 2. WEIGIITED FISSION CROSS SECTIONS FOR FISSION 
SPECTRA* 

u (barns) 
PreViOUSly u60d Nor Adopted 

F o i l  Values Values 

239 

237 
P lu  t on I urn 

Neptunium 

2 900 

1 . 4 0  

1 .78  

1 . 7 1  

0 .54  0.54 238 Uranium 

In 2 cm BIO b a l l s .  * 
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TABLE 3 .  WEIGHTED FIRST COLLISION DOSE VALUES FOR FISSION 1 
SPECTRA 

t i s s u e  r Energy 
Interval, Previous ly  Used  N e w  Adopted 

Mev Values Values 

i 0 .004  - 0 . 7 5  0.93 1.30 

0.75 - 1.5 
1.5 - 2.5 

>2.5  

2.33 

2.98 

3.63 

2.46 

2.97 

3.84 

TABLE 4 .  COYPARATIVE NEUTRON FLUX AND TISSUE DOSE SPECTRA 1 
AT THE GODIVA 11 CRITICAL ASSEllEtLY 

i 
Fer Cent Neutrana in Fer Cent Dose i n  I 

Energy - 
I n t e r v r l ,  Threshold "rack P l a t e  Threshold+ Track Plate 
Hcv Detectors* ,Hothod (6 )  Detectors Method (6) 

I 
24 23 0.001 - 0.75 43 41 

0 .75  - 1 - 5  22 25 24 26 _ _ _ -  

1.5 - 
_ -  

17 

~- 

16 

> 2 . 5  18 18 30 30 

* Average of d8tr  from 35 to  200 cm. 
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Sayeg, D. G .  O t t ,  and P. S. Harris) 

INTRODUCTION -- 
Due t o  t h e  demand f o r  c r i t i ca l  assembly time, i t  was 

necessa ry  t o  calibrate e x i s t i n g  c r i t i c a l  assemblies that 

could  be used  for r a d i a t i o n  e f f e c t s  tests by  t h e  Biomedical 

Research  Group (H-4) of t h i s  Labora tory .  The p r e s e n t  r e p o r t  

c o v e r s  a s t u d y  of t h e  r a d i a t i o n  characteristics of t he  Lo8 

Alamos L i t t l e  Eva c r i t i c a l  a s sembly .  

METHODS A N D  RESULTS 

The t h r e s h o l d  d e t e c t o r  t echn ique  (1,2) was used i n  t h i s  

i n v e s t i g a t i o n  for e v a l u a t i o n  of neut ron  f l u x ,  spectra, and 

t i s s u e  dose. The da t a  are  shown I n  Tab les  1, 2, and 3. The 

gamma dose w a s  measured by t e t r a c h l o r o e t h y l e n e  chemical  

dosimeters, and  the method is d i s c u s s e d  i n  detail  in R e f .  (3). 

T h e s e  resu l t s  are shown i n  Tab le  4 .  The gamma-to-neutron 

r a t i o  is t h e  lowest observed a t  any assembly tested t h u s  f a r .  

The u n c e r t a i n t y  of t h e  neu t ron  dose measurements is estimated 

t o  be approx ima te ly  15 p e r  c e n t .  The u n c e r t a i n t y  of t h e  

gamma measurements is approximate ly  25 per c e n t  due t o  the 

ve ry  low v a l u e s  o b t a i n e d .  
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TABLE 1. NEUTRON FLUX VERSUS DISTANCE RELATIONS AT THE LIT TI^ 

8 EVA CRITICAL ASSEYBLY 

' :  ! .  Di8trnce from 

Aseeably,  cm 
9 # Center of FPU FNP 'U ' S  &~~ iic E, >0.004 MeV E , > 0 . 7 5  MeV E, >1.5 Mev E, >2.5 yc $j I l!l 

5 0  1 3 . 3  4.45 2.28 0.901 

I(cii 76 5 .07  2.10 0.959 0.N 

Y 150 1.81 0.716 0.226 0.10: 
1 100 2.74 1.01 0.452 0.17! 

- 

DOSE 

P 

VERSUS DISTANCE RELATIONS 

Lssue rad 

'4 TABLE 3. NEUTRON TISSUE 
THE LITTLE EVA CRITICAL ASSEMBLY f.t g 

t: Distance fro8 - 
Center, CE kr-min 

50 234 
75 98.1 

t i d  100 5 0 . 3  
, 4, 150 33.0 
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TABLE 3 .  NEUTRON FLUX AND DOSE SPECTRA EVALUATIONS AT THE 
LITTLE EVA CRITICAL ASSEMBLY* 

Energy Interva l  Neutrons Dose 
(MeV) (per cent  ) (per cent )  

0.004 - 0.75 
0.75 - 1 . 5  

1 .5  - 2 .5  

>2.5 

62.1 

21.6 

9.5 

6 .8  

43 

28 
15 

14 

* Average of the four d i s t a n c e s  measured. 

TABLE 4. G A U A  DOSE VERSUS DISTANCE RELATIOB3S FOR THE 
LITTLE EVA CRITICAL ASSEYBLY 

Distance  from 
Center, cm 

roentgens 

50 

75 

100 
132 

206 

6.6 

1 . 2  

1 . 7  

1 .4  
0 . 5  

1 0 4 b 1 4 - l  
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d N y  Rates  (D. C. White and P. C.  Sanders )  

INTRODUCTION 

The purpose  of t h i s  s t u d y  was t o  correlate p e r  c e n t  of 

g i a n t  ce l l s  formed i n  H e L a  ce l l  c u l t u r e s  w i t h  t o t a l  dose of 

i r r a d i a t i o n  g i v e n  a t  v a r y i n g  dose rates .  The first report 

of t h i s  series (1) gave r e s u l t s  ob ta ined  w i t h  a dose rate of 

5 r /min and  gave  a r e a d i l y  r e p r o d u c i b l e  c u r v e  of g i a n t  c e l l  

p r o d u c t i o n  as  a f u n c t i o n  of dose. More i n fo rma t ion  was 

needed, however, t o  e s t ab l i sh  a s a t i s f a c t o r y  base l i n e  for 

f u r t h e r  s t u d i e s  p e r t a i n i n g  t o  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c -  

t i v e n e s s  (NE) of o t h e r  types of r a d i a t i o n  and the  e f f e c t  of 

dose ra te .  

METHODS AND RESULTS 

A series of  expe r imen t s  was performed w i t h  EeLa ce l l s  

b e i n g  exposed t o  Co60 gamma r a y s  and X i r r a d i a t i o n  a t  to ta l  

doses of 150, 450, and 750  r .  The dose  rates employed were 

5 ,  20 ,  50, and  100 r /min .  The cel ls  were prepared ,  exposed, 

and  examined for per c e n t  g i a n t  c e l l  format ion  as i n d i c a t e d  

i n  t h e  p r e v i o u s  semiannual  r e p o r t  (1). 

An a n a l y s i s  of t h e  data  r e v e a l e d  t h a t  i r r e s p e c t i v e  of 

dose rate, t h e  per c e n t  of g i a n t  ce l l s  formed for any s p e c i f i c  

00131 478 197 
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t o t a l  dose  f e l l  w i t h f n  s t a t i s t i c a l  limits. A l l  giant cell  

c o u n t s  for each  t o t a l  dose were combined and p l o t t e d  as per 

c e n t  g i a n t  cells v e r s u s  dose. The combined r e s u l t s  are 

g i v e n  in Table  1. 

DISCUSSION 

The r e s u l t s  i n d i c a t e d  t h a t  t h e  p e r  c e n t  of g i a n t  cells 

formed its not dome ra t e  dependent over  t h e  range  s t u d i e d ,  

which was from 5 t o  LOO r / m l n .  The number of g i a n t  cells  

formed 18 a p p a r e n t l y  a f u n c t i o n  of t o t a l  dose only. Future 

s t u d i e s  u8 ing  o t h e r  t y p e s  of i r r a d i a t i o n  would perhaps be 

of  v a l u e ,  and t h i s  method may be an impor tan t  a d j u n c t  t o  

s t u d i e s  of.RBE as t h e  r e s u l t s  appea r  t o  be very reproducib l  

Pub l i shed  r e s u l t s  u s i n g  much h i g h e r  dose rates agree wi th  

t h e  data p r e s e n t e d  i n  t h i s  report  (2,3). 
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TABLE 1. GIANT C E U  FORMATION IN HeLa CELL CULTURES AS A 
FUNCTION OF RADIATION DOSE 

* 
Radiation and Dose Giant C e l l  Formation 

(r) (per cent) 

0 
150 
450 
750 

i 
1 
I 

f 

0 
1 50 
450 
7 5 0  

1 . 4  
4 .6  

11.4 
25.1 

1.1 
3.7 

10.6 
23.5 

* 
Combined data, a l l  doae rates.  

I 
I 

I 

-201- 
i 

00 131478 

LANL ; 
‘ P I  



4 E C n S  on 
T o t a l  4- C e l l  Po-HeLa C- (D. C. 
V:hite and P. C. Sanders)  

INTRODUCTION 

The prev ious  report i n d i c r t e d  t h t  He- cells grown in 

t i s s u e  c u l t u r e  appeared t o  be a promising syste6 for study-  

i n g  t h e  r e l a t i v e  biological e f f e c t i v e n e s s  of I m i z l n g  radia- 

t i o n s .  The p r e s e n t  p r e l i b l n a r y  experiment  was des igned  t o  

compare t h e  effects of gamma, X-ray, r n d  f a s t  neu t ron  

i r r a d i a t i o n s  on t o t a l  HeLa  cel l  popu la t ion  rnd t o  re late  

t o t a l  ce l l  popu la t ion  t o  g i a n t  cel l  formrtion. 

A method was devised  such  that cells grown in T-30 cul-  

t u r a  f l r s k s  and i n  Rose c u l t u r e  chambers were exposed 

s imul t aneous ly  t o  t h e  r r d i a t i o n s .  The f l r s k  c u l t u r e s  were 

used for  total ce l l  popu la t ion  d e t s r m i n r t i o n s  rnd  the Rose 

chambers f o r  de t e rmina t ion  of g i a n t  c e l l  formation. 

T-30 c u l t u r e  flasks were i n o c u l a t e d  wi th  a predetermined 

number of Be- cells ( i n  t h e  range of 20,000 cells/ml) and 

Rose chambers w i t h  5,OOO cells/chmber. The cells were g r m  

i n  Eagle's Basic Medium plus 10 per c e n t  horse serum for 

48 hours prior  t o  i r radiat ion.  Cu l tu rea  W ~ O  expueed t o  

tot81 do8es of 150,' 450, and 7 5 0  r of Cow gr-8 r r y s  and 

-ma- 
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X i r r a d i a t i o n .  S i n c e  fas t  neu t rons  are  more e f f i c i e n t ,  t h e  

doses employed were 85, 250,  and 330 rads.  Media were 

changed on a l l  f l a s k s  and chambers immedia te ly  fo l lowing  

i r r a d i a t i o n  and  a t  48-hour i n t e r v a l s  u n t i l  a l l  were ter- 

minated.  

T o t a l  c e l l  p o p u l a t i o n s  I n  t h e  culture f l a s k s  were deter- 

mined immediately p r io r  t o  i r r a d i a t i o n  and a t  i n t e r v a l s  there- 

af ter  by u t i l i z i n g  t h e  C o u l t e r  cell  c o u n t e r .  The c u l t u r e s  

were prepared for c o u n t i n g  by removing t h e  media, add ing  

,2 m l  of a 0.035 per c e n t  t r y p s i n  s o l u t i o n ,  i n c u b a t i n g  u n t i l  

t h e  cells  were no  l o n g e r  attached t o  the  glass, s t o p p i n g  the  

t r y p s i n  a c t i o n  w i t h  3 r n l  ? - sa l ine ,  and a g i t a t i n g  t h e  ce l l  

s u s p e n s i o n  u n t i l  t h e  cells  were completely separated. One m l  

of t h e  c e l l  Suspens ion  was d i l u t e d  1 : s  w i t h  N-sa l ine  and 

t h i s  s o l u t i o n  counted  w i t h  t h e  C o u l t e r  celL c o u n t e r  a t  t he  

proper s e t t i n g s .  Rose chambers were t e rmina ted  a t  coapar- 

a b l e  time i n t e r v a l s  and  s t a i n e d  by t h e  Jacobson method (1) 

f o r  d e t e r m i n a t i o n  of g i a n t  cell c o u n t s  and  for t he  number of 

ce l l s  per  co lony .  F l a s k s  and chambers were t e r m i n r t e d  on 

d a y s  1, 2, 3, 5 ,  and 6 f o l l o w i n g  i r r a d i a t i o n .  The r e s u l t s  

collected on t h e  f i f t h  day post exposure were chosen as 

optimum for comparison of per c e n t  cell  s u r v i v a l  and per 

c e n t  g i a n t  c e l l  fo rma t ion  i n  r e l a t i o n  to  total  r a d i a t i o n  

dose. The r e s u l t s  are shown in Table  1. 

4 
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DI SCUSSIa 

The r e s u l t s  o b t a i n e d  t h u s  far i n d i c a t e  a good method 

fo r  f o l l o w i n g  ra te  of cell  growth af ter  i r r a d i a t i o n .  By 

u t i l i z i n g  the C o u l t e r  c e l l  c o u n t e r ,  many a c c u r a t e  c o u n t s  

may be performed i n  a r e l a t i v e l y  s h o r t  time. The data i n  

Tab le  1 are s t r i c t l y  p r e l i m i n a r y ,  and  more s t u d i e s  are 

necesaa ry  before actual v a l u e s  of RBE can  be establ ished.  

The data do i n d i c a t e ,  however, that b o t h  cell growth and 

g i a n t  ce l l  fo rma t ion  p rov ide  a means of  s t u d y i n g  ME. I n  

both cases, t h e  effect of f i s s i o n  n e u t r o n s  is cona lde rab ly  

gre8ter t h a n  t h a t  of X and  gamma rays. 

REFERENCE 
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metric Procedure 
(E. R. B a l l i n g e r ,  P, S. Harris, and J. H. Lark ins )  

INTRODUCTION 
--cIcIcIc-cI * 

The purpose of t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  2s.- 

s i b i l l t y  and t echn iques  o f  u s i n g  neutron-induced body activit ,  

a s  a measure of dose ,  and as a per sonne l  moni tor ing  and 

c a s u a l t y  a8seasment procedure .  

Work completed d u r i n g  t h i s  r e p o r t i n g  period concern8 

t h e  des ign ,  c o n s t r u c t i o n ,  8lld c a l i b r r t i o n  of at portable body 

sodium a c t i v i t y  meter (SAY) for use  88 8 crrsual ty  asaesr~ept  

d e v i c e  f o r  pe r sonne l  exposed t o  f a s t  neut ron  fluxes l a  tbe 

r a n g e  of 10 t o  lo00 rads. Work uncompleted t o  d a t e  w i l l  

appea r  i n  t h e  nex t  semiannual  r e p o r t .  This work rill Involve 

a t t e m p t s  t o  a r r i v e  a t  ave rage  neut ron  energy by means of body 

sodium t u  copper foil r a t i o 8  I n  o r d e r  t o  provide meter corr 

t l o n  v a l u e s  which w i l l  permi t  estimates of absorbed dose fr 

exposures  t o  neu t rons  of unknown e n e r g i e s  in the thermal  t a  

i n t e r m e d i a t e  regions. 

To t h e  e x t e n t  t h a t  dose  e f f e c t  information on humans m 

be o b t a i n e d  f l r s t - h a n d  by o b s e r v a t i o n  of n u c l e a r  accident 

c a s u a l t i e s ,  w e  have h i s t o r i c a l l y  been hampered on two count 

i t  is more than  l i k e l y  that t h e  i n d i v i d u a l s  primarily lntol  

w i l l  no t  be wear ing  t h e  p r e s c r i b e d  dosimetry a t  t b e  time Of 

exposure ,  and  in t h e  e v e n t  prescribed dosimetry is worn i t  
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1 more than  l i k e l y  be t h e  l o r - l e v e l  moni tor ing  type  and hence 

of l i t t l e  v a l u e  i n  de t e rmin ing  t h e  e x t e n t  of c a s u a l t y - l e v e l  

doses .  

One of t h e  o ldes t  o b r e r v a t i o n s  made on neu t ron  exposure 

c a s u a l t i e s  is t h a t  a c t i v a t i o n  of body c o n s t i t u e n t s  o c c u r s  

a n d  can be measured by certain detection techniques .  On 

s e v e r a l  occasions, these post exposure  body a c t i v i t y  E08S- 

urements  have p layed  a role i n  e s t i m a t i n g  neu t ron  exposure 

i n  t h e  absence  of any s t a n d a r d  d o s i m e t r y .  A t  t h e  t i re  of t h e  

l a s t  f a t a l  LASL n u c l e a r  c r i t i c a l i t y  a c c i d e n t ,  gamma spec-  

t ro scopy  was performed on t h e  s u b j e c t  and t h e  predominant 

induced a c t i v i t y  w.8 found t o  be After-the-f.ct 

estimates of whole body neut ron  dose eugges ted  t h r t  -0.3 pc 

Of Na24 a c t i v i t y  was produced per r a d  of f a s t  neu t rons  

.7 Yg2* + e). T h e s e  g8mea spec- 23 (n + Na -No 

trOSCOPy measurements sugges t ed  t h e  pos8 ib i l i t y  of d06igning 

a p o r t a b l e  moni tor ing  in s t rumen t  specifically f o r  t h e  purpose 

of measuring body sodium a c t i v i t y ,  which could  be read in 

terms of t h e  dose of neu t ron8  r e q u i r e d  t o  produce t h e  amount 

of sodtum a c t i v i t y  observed.  Preferably,  there ae88urements 

were t o  be made by p l a c i n g  a probe-type d e v i c e  8 g a i n r t  8 body 

surface. The problem was d i v i d e d  i n t o  two major p a r t s :  the  

des ign  and c a l i b r a t i o n  of t h e  in s t rumen t ,  and t h e  determin8-  

t f o n  of c o r r e c t i o n  v a l u e s  t o  be appl ied  t o  t h e  r e a d i n g s  in t h e  

24 14.0 h r  

00 1 

l O l r b 8 O l  LANL 



event t h a t  body sodium a c t i v i t y  a s  a f u n c t i o n  of neu t ron  

energy d i d  not p a r a l l e l  s u f f i c i e n t l y  c l d s e l y  t h e  absorbed 

dose c a l c u l a t i o n s  of Snyder (1). I t  was reasoned  t h a t  such 

a d e v i c e ,  having t h e  decided a d v m t a g e  of u s i n g  t h e  body as 

i ts  own neut ron  dosimeter, would be free of t h e  con t inu ing  

log is t ic ,  laboratory, and a d m i n i s t r a t i v e  s u p p o r t  char- 

a c t e r i s t i c  of t h e  u s u a l  pe r sonne l  moni tor ing  procedures .  

The first par t  of t h e  problem has been completed d u r i n g  t h i s  

r e p o r t i n g  period, The second p o r t i o n  is p r e s e n t l y  t h e  sub- 

ject of our  a t t e n t i o n  and w i l l  be i nc luded  in t he  next  report- 

i n g  period. 

NETHODS 

i Renal  r e g u l a t i o n  normally serves t o  hold body sodium a t  
1 Although 1 t h e  q u i t e  c o n s t a n t  l e v e l  of 1.5 g h i l o  body weight .  

the  sodium c o n t e n t  of various body t i s sue .  and spaces d i t -  

fera,  t h i s  d i f f e r e n c e  is r e l a t i v e l y  c o n a t a n t  w i t h  t h e  greatest  

per c e n t  of sodium per we igh t  of t i s s u e  being found i n  t h e  

c e r e b r o s p i n a l  f l u i d ,  bone, b i le ,  and blood plasma (Table 1). 

i 

i 

One would suspect, therefore, that t h e  lumbar a r e a  of ] 
t h e  brck might  o v e r l i e  t h e  area of richeat sodium c o n t e n t  In 

t h e  body. 

be expected t o  see the induced 

lumbar v e r t e b r a e ,  tbe c e n t r a l  nervous system f l u i d  i n  t he  

A gamma d e t e c t i o n  dev ice  placed in th i s .a rea  would 

a c t i v i t y  from the he8VY 
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TABLE 1. PER CENT SODIUM COWCENT PER GRAM OF TISSUE (2) 

Man 
Central  nervous system f l u i d  
Bone* 
Bile 
Serum 
Seroua f l u i d s  
Plasma 
Amniotic f l u i d  
Skin* 
Spinal  cord* 
Brain 
Whole blood* 
Kidneys 
Liver  
Heart 
Muscle 
Red blood cel l8  

* 0.150 
0.500 
0,440 
0.400 
0 . 330 
0.330 
0 .330  
0 .280  
0 .230  
0.200 
0 . 2 0 0  
0.190 
0.165 
0.130 
0 .100  
0.080 
0.043 

* 
Area seen by sodium a c t i v i t y  probe. 
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s p i n a l  canal a t  t h i s  l e v e l ,  as well as from t h e  r e n a l  orte- 

r lovenous  p l e x i s .  As a t e s t  of t h i s  p r o p o s i t i o n ,  a 20 kilo 

po lye thy lene  j u g  f i l l e d  w i t h  a 1.5 g Na23/ki lo  H20 was 

exposed t o  f a s t  neu t ron  doses from 10 t o  lo00 r a d s  u s i n g  t h e  

Godiva XI c r i t i c a l  assembly. Various beach model d e v i c e s  

were tested f o r  ability t o  detect and r ep roduc ib ly  measure 

t h e  a c t i v i t y  p r e s e n t  a t  t h e  c y l i n d r i c a l  surface of  t h e  jug .  

These devices i nc luded  s impl i f i ed  v e r s i o n s  of i o n  chambers, 

Geiger-Muller c o u n t e r s ,  and s c i n t i l l a t i o n  coun t ing  techniques,  

I n  terms of s e n s i t i v i t y ,  range ,  ease of o p e r a t i o n ,  and p o r t -  

a b i l i t y ,  a photomul t ip l ie r - sodium i o d i d e  c r y s t a l  assembly  

appeared t o  be t h e  most satisfactory i n  t h e  region of Na 

a c t i v i t i e s  produced by 10 to loo0 r a d s  of soft neu t rons .  

Consequent ly ,  a detect ion sys tem c o n s i s t i n g  of a probe and 

a reader was c o n s t r u c t e d  a s  sho rn  i n  Figs. 1 and 2. The 

probe  is a 2 i n ,  diameter p h o t o m u l t i p l i e r  t ube ,  Model RCA 

No. 6635A, on t h e  end of which is mounted 8 2 x 2 i n .  sodium 

iodide c r y s t a l .  

of l e a d  t o  r educe  normal background and by 7 t o  8 t u r n s  of 

Co-net ic  magnet ic  s h i e l d i n g ,  whfch was found t o  be necessary 

t o  permit t h e  probe t o  be h e l d  in any d i r e c t i o n  or o r i e n t a t l o  

Encased in on 1/8 i n .  t h i ck  aluminum c y l i n d e r  w i t h  p i s t o l  gri 

t h e  probe is connected t o  t h e  reader by means of s e v e r a l  feet 

of s i g n a l  and h igh  v o l t a g e  cable. 

t? 

These basic components are wrapped by 318 In. 

The r e a d e r  u n i t  c o n s i s t s  
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of a power supp ly  for 110 v o l t  AC or s e l f - c o n t a i n e d  bat- 

teries, an  a m p l i f i e r ,  and a ra te  meter c i r c u i t  i n t o  which 

s e v e r a l  h e l i p o t s  and r e s i s t o r  banks have been in t roduced  t o  

permit zero background ad jus tmen t ,  s h i f t  from 100 to 

lo00 r a d s  r ange ,  and c o r r e c t i o n  for decay of Ns2' frm t h e  

estimated time of expoaure t o  t i m e  of reading. 

h o  comple te  units have been b u i l t  t o  date, a 110 v o l t  

AC reader -probe  u n i t  weighing .-lo pounds eachJ and  a relf- 

c o n t a i n e d  b a t t e r y  ope ra t ed  reader -probe  u n i t  weighing 

- 8  and 5 pounds, r e a p e c t i v e l y .  I n s o f a r  a6 pOS6ibleJ bo th  

u n i t s  a r e  fabricated from t r a n s i 8 t o r i z e d  components. 

RESULTS AND DISCUSSION 

The u n i t s  were calibr8ted (u r ing  p l a s t i c  u n n e q u i n r  ex- 

posed t o  f i r r i o n  n e u t r o n s  from Godiv8 11, F i g s .  3 and 4) t o  

i n d i c a t e  t h e  I n c i d e n t  neu t ron  rads cor re rpond ing  t o  the  

levels of Na2* a c t i v i t y  observed when t h e  probe  m a  placed 

ove r  the small of the  back, Plots of decaying a c t i v i t y  from 

such  expomures i n d i c a t e d  t h a t  a t  times greater than  1-1/2 hOlUTSJ 

t h e  only  r e m i n i n g  a e a a u r a b l e  a c t i v i t y  w 8 8  th8t of  I?824. 

A network of resistors in t roduced  i n t o  t h e  p h o t o m u l t i p l i e r  

ca thode  h igh  v o l t a g e  supp ly  enabled electrical h l f - l i f e  

c o r r e c t i o n s  a t  2 hour i n t e r v a l e  o u t  t o  revor81 d8y8 t o  be 

made, Thus, w i t h  t h e  time i n t e r v a l  between expolrwe and reading 
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d i a l e d  i n ,  t h e  meter r e a d  i n  terms of rads  of Godiva neutron8 

d e l i v e r e d  a t  t i m e  of exposure .  The  Godiva I1 c r i t i c a l  

a s s e m b l y  can  be assumed t o  be a f a s t  neut ron  source of 2 MeV 

ave rage  energy.  

Exposures of t h e  p l a s t i c  phantoms were also made us ing  

t h e  Omega West reactor as a thermal neut ron  nource.  Readings 

were amde in t he  same manner as before and compared w i t h  the 

f a s t  neu t ron  exposures. On t h e  b r s i s  of a c t i v i t y  per  

i n c i d e n t  neut ron ,  i t  was determined t h a t  an approximate fac- 

tor of 5 d i f f e r e n c e  exis ted betreeq t h e  f a s t  and thermal 

exposure.. The meter c a l i b r a t i o n s  as p r e v i o u s l y  described 

were set t o  read 1 rad whenever t h e  p las t ic  mannequins were 

exposed t o  4 x 10 

n e u t r o n s  be ing  t h e  c a l c u l a t e d  e q u i v a l e n t  of 1 rad) .  Without 

a l t e r i n g  t h e  meter c a l i b r a t i o n ,  i t  was found that an  inc ident  

rad of thermal neu t rons  ( 2  x lolo Omega Went neu t rons  per cm 

would produce a meter r e a d i n g  of 10 rad8 (or 2 x lo9 therm81 

n e u t r o n s  per rad r e a d i n g ) .  Thus, on a per neu t ron  b a s i s ,  

the  fast neu t ron  s o u r c e  produced 5 t i m e s  more NaZ4 a c t i v i t y  

t h a n  t h e  thermal neut ron  source .  However, on t h e  same basir, 

the absorbed dose per f a s t  neu t ron  is - 5 0  times g r e a t e r  than 

per thermal neut ron .  Consequently,  a factor of 10 reduct ion  

i n  meter dose  is r e q u i r e d  if the i n c i d e n t  neut ron  f l u x  is Of 

thermal energy .  Be tween  these extremem, t h e  meter read ing  

8 8 Godiva neu t rons  p e r  cm2 (4 x 10 Godiva 
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I 
dose Is t hough t  t o  va ry  from 1 t o  10 times t h e  a c t u a l  dose,  

dependent  upon t h e  i n c i d e n t  neu t ron  spectra.  T h e o r e t i c a l  

c a l c u l a t i o n s  of body sodium a c t i v i t y  per energy g roup  of 

i n c i d e n t  n e u t r o n s  have been accomplished by our  T h e o r e t i c s  

D iv i s ion ,  and these are p r e s e n t l y  be ing  checked a g a i n s t  ex-  

p e r i m e n t a l  exposures  of t h e  p las t ic  mannequins t o  neu t ron  

sources of e n e r g i e s  between 0.025 and 2 x 10 ev. These 

s o u r c e s  w i l l ,  when completed,  i n c l u d e  K i w i - A ,  K i w i - A  Prlme, 

K i w i - A  111, L i t t l e  Eva, and Hydro. T h e o r e t i c a l  c a l c u l a t i o n s  

also suggest t h e  p o s s i b i l i t y  of comparing t h e  a c t i v i t i e s  of 

body sodium w i t h  a s i m u l t a n e o u s l y  exposed metal f o i l  of d i f -  

f e r e n t  a p p a r e n t  cross s e c t i o n  

6 

* 
t o  g i v e  a rough index of the  

I p r o b a b l e  a v e r a g e  i n c i d e n t  n e u t r o n  energy.  A t  t h i s  time, t h e  

i material under examina t ion  is copper .  The t h e o r e t i c a l  
I a c t i v i t y  of b o t h  body sodium and t h e  e x t e r n a l l y  worn coppe r  

f o i l  a s  a f u n c t i o n  of neu t ron  ene rgy  is g i v e n  in Fig. 5. As 

c a n  be seen ,  a comparison of t h e s e  two a c t i v i t i e s  w i l l  g i v e  

a rough estimate of t h e  a v e r a g e  i n c i d e n t  neu t ron  energy l n -  

vo lved ,  i f  t h e  spectra Is n o t  bimodal, 

-p * The c r o s a  section for Naa4 p r o d u c t i o n  s h i g h e r  for n e u t r o n s  
of t h e r m a l  e n e r g i e s .  However, when Na2J i n  s o l u t i o n  I s  con- 
t a i n e d  w i t h i n  1/8 in. w a l l e d  p l a s t i c  material, the albedo..of 
the the rma l  ene rgy  n e u t r o n s  is so great and t h e  moderat ing 
a b i l i t y  of t he  s o l u t i o n  f o r  f a s t  n e u t r o n s  so complete a s  t o  
g ive  a n  a p p a r e n t  h i g h  crosa s e c t i o n  t o  t h e  f a s t  and more 
p e n e t r a t i n g  n e u t r o n s .  
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T R e s u l t s  t o  date indicate that a l igh t -weight ,  p o r t a b l e ,  

and s e l f - c o n t a i n e d  pe r sonne l  neu t ron  rnor.itoring dev ice  can 

be b u i l t  t o  detect exposures t o  neut rono  in e x c e s s  of 10 r a d s  

whole body dose, based upon e x t e r n a l  measurements of body 

sodium a c t i v i t y .  The absorbed dose may be read d i r e c t l y  i f  

t h e  meter is c a l i b r a t e d  t o  t h e  i n c i d e n t  s p e c t r a  and may be 

estimated by correction v a l u e s  for known 8pectra o t h e r  t han  

those used for c a l i b r a t i o n  of t h e  meter. I t  is n o t  known a t  

t h i s  time how sat isfactory t h e  body sodium t o  copper  f o i l  

r a t i o  rill be i n  terms of absorbed  dome e r t i u t e r  from un- 

known neu t ron  spectra. Incomplete  e v a l u a t i o n s  of these 

r a t io s  on s u c h  unknown s o u r c e s  as  K i w l - A  Prime p r e 8 e n t l y  

s u g g e s t  that w h e r e  fluxes of f a s t  n e u t r o n s  cwprise 50 per 

c e n t  or  more of t h e  t o t a l ,  t h e  uncorrected meter r e a d i n g  may 

l i e  w f t h i n  20 per c e n t  of t h e  c a l c u l a t e d  absorbed dose. As 

t h e  practical  v a l u e  of s u c h  a d e v i c e  is c l o s e l y  a u e o c i a t e d  t o  

the  above problem, we i n t e n d  t o  pursue t he  p r o j e c t  t o  thle 

end.  A comple te  e v 8 l u a t i o n  of t he  body eodiuo  t o  copper  f o i l  

a c t i v l t l e s  will be I n c l u d e d  In t h e  next  r e p o r t i n g  period, 

We are g r a t e f u l  t o  L. J.  Carr and R. D. Elebert of Group 
P-1 for t h e i r  8 r r l r t r n c e  wi th  the  t r a n s l s t o r i e e d  equipment.  
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CHAPTER 6 

RADIOPATAOlOGY SECTION 

The Use of t h e  A . E  
?unction (C. C. Lushbaugh, D. B. -10, and R. YcGi11) 

INTRODUCTION 

The coemonly used technique  of determining t h e  func- 

t i o n a l  s t a t u s  of an organ by measuring Its a b i l i t y  t o  clear 

t h e  c i r c u l a t i o n  of an i n j e c t e d  dye  h8S r e c e n t l y  been replaced 

by radlO8Si~8y of t he  accumulat ion of such dyes (new radio- 

a c t i v e l y  labeled) In t he  organ I n  ques t ion  by moans of a col- 

limated sodium iodide  c r y e t a l  (I) .  Thia r a d i o a c t i v e  technique ,  

in t h e  case of hepatic f u n c t i o n  and t h e  dye 1131-r0se bengal ,  

has n o t  been accepted widely for t h e  following reasons: 

(a) The l i v e r  has a high blood background and a rapid 

e x c r e t i o n  rate so that parenchymatous accumulation is d i f -  

f i c u l t  t o  measure. 

(b) Accumulation of t h e  r a d i o a c t i v i t y  i n  tbe gallbladder 

c a u s e s  a confus ing  ri8e i n  h e p a t i c  background u n l e s s  collima- 

t i o n  is precise. 
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(c) The test r e s u l t s  can  be r e p o r t e d  t o  the  phps ic i an  

on ly  as e x p o n e n t i a l  h a l f - t i m e r ,  which a r e  d i f f i c u l t  t o  

i n t e r p r e t .  

(d) This rate of h e p a t i c  up take  18 n o t  altered s ign i t -  

l c a n t l y  by serious hepatic parenchymatous dillease. 

The a p p l i c a t i o n  of t h e  Loa Alamo. A r 8  COUnt8r (Or Small- 

Animal Counter)  t o  t h i s  t e c h n i c a l  p r o b l e 8  appears t o  over- 

come these d i f f i c u l t i e s  i n  t h e  r a d l m c t i v e  roae beng.1 test 

by  a f f o r d i n g  a c o n s t a n t  record of c i r c u l a t i n g  blood-dye 

c o n c e n t r a t i o n  so tha t  blood c l e a r a n c e  of the  dye by the l i v e r  

can  be ~ e a 8 u r e d  d i r e c t l y  wi thou t  t he  c w p l f c r t i n g  p r o b l e u  

caused  by hepatic blood background, b l l i a r y  e x c r e t i o n  r a t e ,  

gallbladder accumulat ion,  and t h e  unknom l o c 8 t l o n  in depth 

of t h e  l i v e r  w i t h i n  the body. Since the  orlpfn8l blood con- 

c e n t r a t i o n  of t h e  dye (100 per c e n t )  i s  de te rminab le ,  tho 

per c e n t  of  the  dye  retrined in t h e  blood after a0, 45, or 

ray 6eleCt8d number of minuter  c a n  be reported as I s  cor~on1y 

done c l i n i c a l l y  r l t b  t h e  bromsulphale ln  dye t o o t .  The r o l l  

ing r e s u l t s  of a pre l imina ry  s t u d y  show that blood r e t en t ion  

is 8 better measurement of f u n c t i o n  than  t h e  c l e a r a n c e  r a t e  

I taelf  

YETBOD3 
lMLLI 

In t h i s  s t u d y ,  10 n o r u l  s u b J e c t 8  and 18 paraon8 
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suffering from v a r i o u s  bu t  m o s t l y  inflammatory h e p a t i c  

d i s e a s e  were used. The l e f t  arm of t h e  person was p laced  

in t h e  Arm Counter  (Fig. l),  and a collimated 2 x 2 in. N a l  
i 
! 

crys ta l  was oriented t o  s c r n  t h e  l i v e r .  As precisely r n d  

r a p i d l y  as pommible, 10 pc of r a d i o 8 c t i v e  rose b e n g r l  was 

i n j e c t e d  intravenoumly i n  t h e  other arm. Slmultaneoue 

Es ter l ine-Angus  r eco rd ing8  were -de of the  r a d i o a c t i v i t y  

measured by t he  two d e v i c e s .  

RESULTS 
I.cI.IIIIc 

The c u r v e  of blood a c t i v i t y  was found t o  be a composite 

1 of 3 e x p o n e n t i a l  d i sappea rance  ratem, t h e  more r rpid of which 

cor responded almost exactly w i t h  t h e  hepatic uptake ra te  

de termined  by t he  method of Lowenstein (2) from data 

o b t a i n e d  from a 8-11 cryrtal, Tbe 68COnd, or slow, exponen- 

t i a l  corremponded t o  the heprtic e x c r e t i o n  rate. The zoro 

i n t e r c e p t  of t h i n  8econd e x p o n e n t i a l  l i n e  waa connidered  as 

t h e  "per c e n t  r e t e n t i o n "  of t h e  dye In t h e  blood, a l t h o u g h  

it would be more accurate t o  v i a u a l i z e  i t  a8 the  amount of 

i 
i 

dye  i n  t h e  blood when blood and i n t r a h e p a t i c  c e l l u l a r  con- 

c e n t r a t i o n #  rare equal. Figure 2 d e p i c t s  t h o  mean blood 

1 a c t i v i t y  curve8 of the 3 groupa of p r t i en tm.  The born v a l u e s  
9 

o b t a i n e d  from t h i s  8 tudy  are shorn in Tab le  1. 
! 
I 
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Fig. 2. Aver8ged curve8 for t b e  rates of hepat ic  blood clear- 
ance of rose beagrl by norm81 and di8eased subjects 
as meaerured by the Arm Counter. The dot ted  line i n  
each i 8  t h e  rate of hep8tlc clerrmce, computed from 
the ao l id  curve which represents the t o t 8 1  radio-  
act ive iodine In the blood. 
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131- TABLE 1. PARAMETERS OF BLLKlD CLEARANCE CURVE FOR I 
ROSE BENGAL 

Hepatic U p t 8 k O  (half-time) 

Hepatic excretion (half-time) 

Per cent retention (blood) 

R8nge of blood retention 

7.5  + 4 1.3 a i n  

284 + z 166 b i n  

8 . 0  2 1.2 lain 

401 2 249 aio 

11.4 + 6.0 33.6 -c + 12.9 - .  
v.lues 8.3 - 14.3 19.3 - 76.7 
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DISCUSSION 

The agreement of half-t imes of t h e  hepatic blood clear- 

ance rate of 7.b d + 1.3 minutes i n  t he  normal and 8.0 3 1.2 

minutes In t h e  abnormal group demonstrates  why this measure- 

ment has no c l i n i c a l  usefulness. While there was some detec- 

table d f f f e r e n c e  in half-tilaes of hepatic exc re t ion ,  t h e  

greatest d i f f e r o n c o  wa8 r een  i n  t h e  blood r e t e n t i o n  of t h e  

dye in t h e  2 groups. Examination of t h e  r8nges of such 

**re ten t ions**  rhors that the  2 groups of persons d i d  not  over- 

lap in t h t s  category.  

From t h e  a n r l y s i s  of t he  data, It appears  t h a t  rose 

bengal l a  "cle8rod** 3u.t a6 rap id ly  by t h e  diseased l i v e r  as 

by t he  norm81 one. Only In extremely seve re  hepatic disease, 

where f ib ros i s  rnd  e n d o t h e l i a l  t h i cken ing  are extens ive ,  does 

t h i s  c l e a r a n c e  rate change. The data creer t o  i n d i c a t e  a l so  

that t h e  volume of f u n c t i o n i n g  liver in r e l a t i o o  t o  t o t a l  

blood volume d o t e m i n e 8  t h e  amount of dye that rill be cleared 

before * ' re tent ion*9 becomea apparent .  

This  r t u d p  I8 cont inuing  as a d d i t i o n a l  p a t i e n t s  can be 

obta ined  in order t o  extend these ob8ervr t lona  and t o  correlate 

better the  measurements w i t h  h e p a t i c  dise88ed stater. 
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c O ~ ~ I r r a d ~  (C, C. 
Lushb8ugh and 0.  B, Hale) 

INTRODUCTION -- 
Exposure t o  l e t h a l  amounts of Ionizing r a d i a t i o n  pro- 

duces  a syndrome which, i n  most respect., i 8  qu i t e  s i m i l a r  

t o  s t a r v a t i o n .  The larger the do6e of r 8 d f 8 t i o n ,  the  

greater is t h e  degree of anorexia u n t i l  t h e  l e t h a l l y  i r r a -  

d i a t e d  an ima l  a p p e a r s  t o  avo id  a l l  food and t o  f a a t  w i l l -  

Z u l l y  and completely. Forced f e e d i n g  of r u c h  a n  an imal  has 

been found t o  has t en ,  rather than  t o  p reven t ,  his death  (1). 

Although many of t h e  physiologic effects of s t a r v a t i o n  

a re  w e l l  known (2), fer  of these have been s t u d i e d  in i r r a -  

d i a t e d  animals. S i g n i f l c a n t  b u t  i d e n t i c a l  a l t e r a t i o n s  i n  

t h e  whole body r e t e n t i o n  of sodium and potass ium (1) and 

i o d i d e  ions (3) were r e c e n t l y  d e a o n r t r 8 t e d  i n  ani8818 that 

were s t a r v i n g ,  i r r a d i a t e d ,  or s u f f e r i n g  frw bo tb  8treaser 

s imul t aneous ly ,  i l l u a t r a t i n g  t h a t  a l t e r e d  r e t e n t i o n s  of elec- 

t r o l y t e s  w e r e  secondary  r a t h e r  than  primary effects of r a d i a -  

t i o n  da1~8ge. The pr imary effects of r a d i a t i o n  d8mage upon 

i n  v i v o  c e l l u l a r  metabolism cannot ,  therefore, be di f fe rea t i r t~  

from t h e  secondary  effects of t h e  concomitant  anorex ia  un le s s  

t h e  l a t t e r  are  a d e q u a t e l y  understood.  

The f o l l o w i n g  experiments were done in ordor t o  expand 
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o u r  p rev ious  o b s e r v a t i o n s  upon electrolyte and t h y r o i d  mctab- 

olism by  s t u d y i n g  w i t h  r a d i o i s o t o p e s  t h e  e f f e c t s  of s t a r v r -  

t i o n  and i r r a d i a t i o n  upon hepa t ic  a n d  r e n a l  e x c r e t i o n  ra tes  

and p r o t e i n  metabolism. 

commonly used c l i n i c a l l y  as a measure of hep i t i c  f u n c t i o n ,  

was used  here because its e x c r e t i o n  from t h e  body is deter- 

mined first by Its rate of blood c l e a r a n c e  by t h e  l i v e r .  

I ~ d d ~ ~ - l a b e l e d  sodium dlprotrizoate ( Y i o h n )  m a  s imi l a r ly  

chosen f o r  s t u d y  because its removal from t h e  blood depends 

p r i m a r i l y  upon rear1 func t ion .  

albumin waa used I n  order t o  survey  p r e l i m i n a r i l y  the  u t l l l z a -  

t i o n  r a t e  of t h i s  p r o t e i n  i n  rats, a l though  i t  was re8llzed 

t h a t  t h e  r a t  might  not me tabo l i ze  humin a l b u a l n  in t h e  rame 

manner a s  r a t  p r o t e i n ,  

Iodfnc131-1ibeled rose bengal ,  

Iodine131-1~beled humrn serum 

MATERIALS AND YETWDS 

In each e x p e r i a e n t ,  t h e  ra te  were d i v i d e d  i n - o  c o n t r o l  

rnd  exper iment81  groups.  The expe r imen ta l  animal8 were 

s t 8 r v e d  throughout  t h e  course of t h e  r tudy ,  and the  c o n t r o l s  

were allowed l ibora tory  chow ad l ib i tum.  In t h e  first experi- 

ment, rose bengal  labeled w i t h  1131 was i ngec ted  I n t r a p e r i -  

t o n e a l l y  (1.0 pc i n  0,125 m l  of 1 per c e n t  dye s o l u t i o n )  

into t h e  animals  of both groups  and t h e i r  per c e n t  r e t e n t i o n  

determined d a i l y  by whole body coun t ing  for t h e  fo l lowing  

1 2  days ,  In t h e  second exper iment ,  t h e  same procedure  was 
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followed a t  ter i n t r r p e r i t o n e a l  in ject ion of IAaA-Miohn. I n  

t h e  t h i r d  exper iment ,  r a d i o i o d i n a t e d  human serum 81bumin was 

used  s i m i l a r l y .  

3 a d d i t i o n a l  groups  of 5 r a t a  each  t h 8 t  r e c e i v e d  on t h e  day 

t he  l a b e l e d  drug  was a d m i n i s t e r e d  700 8nd 2100 r a d s  of whole 

body X i r r 8 d i 8 t i O n ,  r e s p e c t i v e l y .  

This experiment waa exppnded to  i n c l u d e  

One of the groups t h a t  1 
r e c e i v e d  700 rada and the  one t h a t  r e c e i v e d  2100 rads were 

i 

depr ived  of food throughout  the experiment .  

RESULTS_ 

The e x p e r i r e n t . 1  r e s u l t s  are 8 h o m  in t h e  8ccompaayiag 

gr8ph8. 

r e t e n t i o n  of the  1131-18beled rome beng.1. 

and s l o p s  of t h e  second coaponent  (B) of the r e t e n t i o n  

c u r v e s  corremponded t o  t h e  e x c r e t l o n  rate of Na1131 a f t e r  

t h y r o i d  b ind ing  (3),  and were used t o  d e r i v e  t h e  i n t e r c e p t s  

and  slope8 of t h e  first component (A), which r e p r e s e n t e d  the 

h e p a t o - b i l i a r y  e x c r e t f o n  of t h i s  dye. 

F i g u r e  1 shorm the effect of s t a r v a t i o n  upon t h e  

The i n t e r c e p t 8  

F i g u r e  2 ahms t h e  effect  of s t a r v 8 t i o n  upon the  reten- 

t i o n  of an 1131-labeled dye  (Miokan) t h 8 t  i m  excreted s o l e l y  

by the k idney .  The slopes of t h e  B corponentm of t h e  reten- 

t i o n  cu rve8  again corresponded t o  tho8e of tbyroid-bound 

i o d i n e  i n  r a t s  e a t i n g  normally or depr ived  of food. The 

A components r e p r e s e n t e d  the  ra te  of rem1 e x c r e t i o n  of the 

I '31-18~led dye. 
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Fig, 1. The effect of starva t ion  upon the  retention of I 131 
administered as 1131-r~se bengal ( r a t s )  , 
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F i g u r e  3 shows t h e  r e t e n t i o n  c u r v e s  of I131-labeled human 

serum albumin i n  r a t s  be ing  f e d  normally,  s t a r v e d ,  and l r ra -  

d i a t e d  w i t h  700 and 2100 r a d s  of X i r r a d i a t i o n .  The group 

t h a t  r e c e i v e d  2100 rode  and d i d  n o t  e a t  r e t a i n e d  5s per cept 

o f  t h e  I131; the  group t h a t  was s t a r v e d  and t h e  group t h a t  

was i r r a d i i t e d  w i t h  700 r a d s  e a c h  r e t a i n e d  30 per Cent. The 

2 groups  t h a t  were fed ad l i b i t u m  r e t a i n e d  on ly  4,s t o  5.6 per 

c e n t  of t h e  1131, even though 1 r e c e i v e d  700 rads of X i r r a d i a  

t i o n .  

DISCUSS ION 
-d 

These r e s u l t .  show that food d e p r i v a t i o n  r e d u c e s  t h e  

rate of e x c r e t i o n  of r rd ioac t ive t  i o d i n e  bound t o  two dyes  

(one excreted la rge ly  v i a  t h e  l i v e r  and the  other v i a  the  

k idney)  and a foreign p r o t e i n ,  Regardless of t h e  compound 

t o  which t h e  i o d i n e  i6 cbemically bound, It appears t o  e n t e r  

t h e  hormonal i o d i n e  pool. The p r o p o r t i o n  of i o d i n e  i n -  

c o r p o r a t e d  by t h e  thyroid appears t o  be determined mom by t h e  

n u t r i t i o n a l  s t a tu .  of the animal  than  by tbe  c h a r a c t e r  of 

t h e  labeled c h e r f c a l  compound. The p rev ious ly  reported 

f a i l u r e  of X i r r a d i a t i o n  t o  modify the inc reased  r e t e n t i o n  of 

aod in starving r a t s  (1) was s e e n  io t h e s e  experi- 

ments i n  t h e  case of t h o  r a d i o i o d i n a t e d  albumin. The appa ren t  

decrease in t h e  r a t e  of hepatic excretion of 1 1 3 1 - ~ O ~ e  bengal  
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TIME AFTER E%POSUR€ (OAYS) 

Fig. 3. Retent ion  of 1131 administered as 1 1 3 1 - h ~ 8 n  serum 
rlbumin, by normal, f a s t i n g ,  and irr8dia ted  r a t s .  
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and r e n a l  e x c r e t i o n  of Yiokan by s t a r v a t i o n  would seem t o  

i n d i c a t e  t h a t  t h e  f u n c t i o n  of t h e s e  o rgans  is a l t e r e d  by 

s t a r v a t i o n .  S u f f i c i e n t  X i r r a d i a t i o n  t o  c r u s e  a n o r e x i a  

s h o u l d  be accompanied, therefore, by  dec reased  b i l i a r y  and 

r e n a l  e x c r e t i o n  rates and  incrersed r e t e n t i o n  of t h e s e  dyes.  

Should s u c h  chaagem occur ,  t hey  would appear t o  be secondary  

t o  s t a r v a t i o n  r a t h e r  t h r n  X i r r a d i r t i o n .  " h i m  COnJt3CtUre 

is t o  be tested i n  t h e  i r r a d i a t e d  r a t  as  an  extenmion of these 

o b s e r v a t i o n s .  

t h e  human albumin i n  s t a r v i n g  and  i r r a d i a t e d  r a t s  would seem 

t o  h rve  t h e  same p h y s i o l o g i c  basis. 

The i n c r e a s e d  r e t e n t i o n  of t h e  1131-l~bl on 
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INTRODUCTION 

The V e t e r i n a r y  S e c t i o n  d o e s  no research b u t  operates 

e n t i r e l y  as a s e r v i c e  f u n c t i o n  for the  research rork of t h e  

other S e c t i o n s  of tho Group. The r e s p o n s i b i l i t y  and f u n c t i o n  

of t h e  S e c t i o n  wero g iven  i n  detr i l  In t he  S e s l r n n u a l  Report  

c o v e r i n g  t h e  period J u l y  1 to  December 31, 1959 (1). 

PAC I LITIES 

In February  of this yoar, t h e  new r n i ~ r l  quarters were 

occupied  rnd g ive  evory I n d i c a t i o n  of a c c w p l l a h i n g  the  pur-  

pose for which t h e y  were des igned .  F i g u r e  l shows an 

archi tect ' s  drawing of t h e  new r d d i t l o n ,  which is tho s i n g l e  

s t o r y  s t r u c t u r e  l o u t e d  on t h e  s o u t h r e o t  end of t h e  lab- 

o r a t o r y  s t r u c t u r e  (TA-43). 

The now f a c i l i t y  cost approx ima te ly  %325,000.00 and ln- 

cludes 5 monkey pens w i t h  o u t s i d e  e x e r c i s e  are86 ( u x l a w  

-239- 
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c a p a c i t y  50 rnlsrals); 19 dog kenne l s  w i t h  o u t s i d e  r u n s  (max- 

imum capacity 57 a n i m a l s ) ;  13 mouse rooms (maxlmum c a p a c i t y  

40,oOO a n i m a l s ) ;  moum f e e d i n g  roan; dog and monkey f e e d i n g  

room; dog breed ing  room; dog metabolism room; monkey metabolialp 

room; dog and monkey q u a r a n t i n e  room; autopsy  and treatment 

room; storage area; v e t e r i n a r y  off ice;  mouse cage c l e a n i n g  

room; mouse bedding and cage storage room; and locker room 

for t he  an imal  caretakers. 

The mouse rwms are comple te ly  air cond i t ioned  w i t h  

t empera tu re  c o n t r o l  t o  i 2'F. 

mounted on racks suspended from the  c e i l i n g  (Fig. 2) .  The 

other areas are n o t  air  c o n d i t i o n e d  b u t  have forced a i r  v e n t i l r -  

t i o n .  Mouse cages are washed w i t h  a d e t e r g e n t ,  rinsed and 

d r i e d  In an autoamtic cage washer. As the cages emerge from 

t h e  r8sher, they  are o u t o m t i c a l l y  conveyed t o  t h e  bedding 

and storage area, where they  are f i l l e d  w i t h  wood shavings 

and stored u n t i l  used. Plana  are underway t o  a u t o a r t l z e  t h e  

removal of used  rood s h a v i n g s  fr# t h e  d i r t y  cages and also the 

hopper that d i s p e n s e s  new bedding into the  c l e a n  cages. 

this can  be accomplished, the dumping, washing, and r e f i l l i n g  

of lo00 cages per day shou ld  be only  8 one-man job. 

A l l  cages are r t r i n l e s s  steel  - 

If 

The i n s i d e  monkey and dog q u a r t e r s  (Fig. 3) are glazed 

t i l e  w i t h  adequ8te  f 8 c i l l t i e s  f o r  c l ean ing .  The c o n c r e t e  

floors of both the i n s i d e  living area and the outs ide  exercise 
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runs are radiant heated with inside-outside temper8turs con- 

t r o l .  The outside heating provides a snow-melting arrange- 

ment during the winter. The outside areas are clerned with 

a high pressure hose from a catwalk 8bove t h e  runs (Fig. 4) .  

RFM S t r a i n  

Total number of babies born 
Total number of weanlings 
Weaning percentrge 
Nurber of breeding femles 

RF Strain 

Total number of female weanlings 
Number of females delivered for 

Number of feulea in s t o c k  
Number of 8bove being h e l d  for 8gIng 

Number of breeding femrles 

experimentation 

stud108 

AW Strain 

Total number of b8bI.a born 
Tota l  number of weanling8 
Weaning p.rceatage 
Number of foma108 delirormd for 

exporimontation 
lumber 02 brooding f e u l e s  

Total number of female weanlingm 
Number of females delivered for 

Number of breeding females 
experimentation 

1503 
1329 
88.4 
ias 

5120 

2967 
3703 

1292 
1249 

1687 
1633 
96.8 

701 
170 

341 

233 
34 
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Total number r e c e i v e d  1361 
Number d e l i v e r e d  for experimentation 634 
Number of male rats in s t o c k  751 
Number of above boing he ld  for aging s t u d i e s  297 

B m  

Number of male beag les  for breeding and 

Number of female b e a g l e s  for breeding and 

Number of above females bred 

s t o c k  

s t o c k  

Humbsr i n  s t o c k  (males only) 

Number of r a b b i t s  r e c e i v e d  
Number i n  s t o c k  
Number of guinea pigs r e c e i v e d  
Number I n  8tock 

28 

0 
1 

3 

0 
13 
12 
13 

Biological and Yodical  Research Group (B4) of t h e  
Health Division - Somiannual R 8 p O r t  July through 
December 1958, Lor Alaror S c i e n t i i f c  Uboratory Uepor 
LAYS-2445 (Fobruarg 1960). 
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