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PREFACE 

The Annual R e p o r t  f o r  1975  t o  t h e  U.S. Energy R e s e a r c h  and  D e v e l o p m e n t ' s  
D i v i s i o n  o f  B iomedica l  a n d  E n v i r o n m e n t a l  R e s e a r c h  i s  o r g a n i z e d  b y  m a j o r  
p rogram c a t e g o r i e s  a c c o r d i n g  t o  o u r  s c h e d u l e - 1 8 9  s u b m i s s i o n s .  Each p a r t  i s  
d i r e c t e d  toward  a  p a r t i c u l a r  DBER R e s e a r c h  a n d  Development Program: P a r t  1 t o  
Biomedica l  P rograms ,  P a r t s  2 and 3  t o  E n v i r o n m e n t a l  P r o g r a m s ,  and  P a r t  4  t o  
P h y s i c a l  and T e c h n o l o g i c a l  P rograms .  Each p a r t  of  t h e  Annual  R e p o r t  c o m p r i s e s  
p r o j e c t  r e p o r t s  a u t h o r e d  by s c i e n t i s t s  from s e v e r a l  r e s e a r c h  d e p a r t m e n t s ,  r e -  
f l e c t i n g  t h e  i n t e r d i s c i p l i n a r y  n a t u r e  o f  t h e  r e s e a r c h  e f f o r t .  The Annual  
R e p o r t  c o n s i s t s  o f  f o u r  p a r t s :  

P a r t  1 B i o m e d i c a l  S c i e n c e s  
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J .  L .  H e l b l i n g ,  E d i t o r  

P a r t  3  Atmospher ic  S c i e n c e s  
Program Manager - C .  L .  S impson C .  E .  E l d e r k i n ,  R e p o r t  C o o r d i n a t o r  

E .  L .  O w z a r s k i ,  E d i t o r  

P a r t  4  P h y s i c a l  and A n a l y t i c a l  S c i e n c e s  
Program Manager - J .  M .  N i e l s e n  J .  M .  N i e l s e n ,  R e p o r t  C o o r d i n a t o r  

G .  M .  G a r n a n t ,  E d i t o r  

A n a l y s i s  and A s s e s s m e n t  
Program Manager - J .  C .  Fox J .  M .  N i e l s e n ,  R e p o r t  C o o r d i n a t o r  

G .  M .  G a r n a n t ,  E d i t o r  

R e p o r t s  p r e v i o u s l y  i s s u e d  a r e  a s  f o l l o w s :  

Annual  R e p o r t  f o r  

1 9 5 1  HW-25021, HW-25709 
1952 HW-27814, HW-28636 
1953  HW-30437, HW-30464 
1954 HW-30306, HW-33128, HW-35905, HW-35917 
1955  HW-39558, HW-41315, HW-41500 
1956  HW-47500 
1957 HW- 53500 
1958  HW- 59500 
1959 HW-63824, HW-65500 
1960 HW-69500, HW-70050 
1 9 6 1  HW- 72500, HW- 73337 
1962 HW- 76000, HW- 77609 
1963  HW- 80500, HW-81746 
19 64 BNWL- 1 2 2  
1965 BNWL-280, BNWL-235, Vol .  1 - 4  
1966 BNWL-480, Vol .  1, BNWL-481, Vol .  2 ,  P t .  1 - 4  
1967  BNWL-714, Vol .  1, BNWL-715, Vol .  2 ,  P t .  1 - 4  
1968 BNWL-1050, Vol .  1, P t .  1 - 2 ,  BNWL-1051, V o l .  2 ,  P t .  1 - 3  
1969 BNWL-1306, Vol .  1, P t .  1 - 2 ,  BNWL-1307, Vol .  2 ,  P t .  1 - 3  
19  70 BNWL-1550, Vol .  1, P t .  1 - 2 ,  BNWL-1551, Vol .  2 ,  P t .  1 - 2  
19 7  1 BNWL-1650, Vol .  1, P t .  1 - 2 ,  BNWL-1651, Vol .  2 ,  P t .  1 - 2  
1972 BNWL-1750, Vol .  1, P t .  1 - 2 ,  BNWL-1751, Vol .  2 ,  P t .  1 - 2  
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W. J .  B a i r ,  Manager 
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FOREWORD 

The r e s e a r c h  d e s c r i b e d  i n  t h i s  volume was conducted  p r i m a r i l y  

i n  t h e  Bio logy  Department ,  PNL, w i t h  c o n t r i b u t i o n s  from t h e  

Phys i c s  and I n s t r u m e n t a t i o n ,  R a d i o l o g i c a l  S c i e n c e s ,  and Systems 

Departments .  

Repor t s  on i n d i v i d u a l  programs a r e  grouped acco rd ing  t o  

ERDA 189 p r o j e c t s .  Each s e c t i o n  i s  i n t r o d u c e d  by a  "b lue  s h e e t "  

which summarizes t h e  s cope ,  o b j e c t i v e s ,  and p r e s e n t  s t a t u s  of 

t h e  p r o j e c t .  I n  a d d i t i o n  t o  t h e  normal DBER p r o j e c t s ,  f i v e  s e c -  

t i o n s  a r e  devoted  t o  p r o j e c t s  covered  by EPA "Pass  Through" 

funds .  

With t h e  advent  of E R D A ,  o u r  r e s e a r c h  e f f o r t  has  expanded 

i n t o  many n o n - n u c l e a r  a r e a s .  Most of t h e s e  p r o j e c t s  were f i r s t  

funded i n  FY 1976 and few r e p o r t a b l e  r e s u l t s  a r e  a v a i l a b l e  a t  

t h i s  t ime .  For  such p r o j e c t s  we i n c l u d e  only  t h e  b lue  s h e e t ,  

a s  an i n d i c a t i o n  of  t h e  d i r e c t i o n s  i n  which we a r e  headed.  

These new d i r e c t i o n s ,  wh i l e  welcome, i n i t i a l l y  p l a c e d  a  

s e v e r e  s t r a i n  on bo th  f a c i l i t i e s  and p e r s o n n e l .  Our p r o f e s s i o n a l  

and t e c h n i c a l  s t a f f  ha s  expanded c o n s i d e r a b l y  t h i s  y e a r ,  a s  e v i -  

denced by t h e  l i s t i n g ,  a t  t h e  end of t h i s  volume, o f  s t a f f  who 

p a r t i c i p a t e d  i n  t h e  Biomedical  Research  Program. The new L i f e  

Sc i ences  I 1  Labo ra to ry ,  c o n s t r u c t e d  w i th  B a t t e l l e  funds  and occu -  

p i e d  t h i s  p a s t  summer, became a v a i l a b l e  a t  a  most oppo r tune  t ime  

and avoided  a  major  f a c i l i t i e s  c runch .  This  b u i l d i n g ,  s p e c i f i -  

c a l l y  de s igned  f o r  r e s e a r c h  w i t h  e x p e r i m e n t a l  a n i m a l s ,  e f f e c -  

t i v e l y  doub le s  t h e  r e s e a r c h  and s u p p o r t  f a c i l i t i e s  a v a i l a b l e  f o r  

t h e  b iomedica l  and envi ronmenta l  r e s e a r c h  program. I t  i s  a l r e a d y  

f u l l y  occup ied .  Perhaps  t h e  most c r i t i c a l  s h o r t a g e s  a r e  i n  t h e  

a r e a  of c a p i t a l  equipment ,  where funds  have f a l l e n  f a r  s h o r t  of 

t h o s e  n e c e s s a r y  t o  f u l l y  implement t h e  many new t e c h n o l o g i e s  

i nvo lved  i n  our  expanded program. 

S e v e r a l  changes i n  t h e  o r g a n i z a t i o n  and management of t h e  

Bio logy  Department o c c u r r e d  d u r i n g  t h e  p a s t  y e a r .  M .  F. G i l l i s  

was named Manager, P r o j e c t  Development. J .  E .  Lund was named 

Manager and H .  A .  Ragan, A s s o c i a t e  Manager, o f  t h e  Exper imenta l  

Pa thology  S e c t i o n .  B .  0 .  S t u a r t  was named A s s o c i a t e  Manager, 

I n h a l a t i o n  Technology and Toxicology S e c t i o n .  There  was a  



g e n e r a l  r e s h u f f l i n g  o f  p e r s o n n e l  among t h e  r e s e a r c h  s e c t i o n s ,  

w i t h  e l i m i n a t i o n  o f  t h e  M e d i c a l  S c i e n c e s  S e c t i o n .  

A h i g h l i g h t  o f  t h e  y e a r  was t h e  F i f t e e n t h  Annual Hanford  

L i f e  S c i e n c e s  Symposium o n  t h e  B i o l o g i c a l  I m p l i c a t i o n s  o f  

M e t a l s  i n  t h e  Envi ronment ,  h e l d  Sep tember  29 t o  O c t o b e r  1, 1975  

u n d e r  t h e  j o i n t  c h a i r m a n s h i p  o f  H .  Drucker  ( B i o l o g y  D e p a r t m e n t )  

and R .  E .  Wildung (Ecosys tems  D e p a r t m e n t ) .  The p r o c e e d i n g s  

w i l l  be p u b l i s h e d  i n  t h e  ERDA Symposium S e r i e s .  The S i x t e e n t h  

Annual Hanford  L i f e  S c i e n c e s  Symposium on t h e  Pulmonary Macro-  

p h a g e  and  E p i t h e l i a l  C e l l  i s  s c h e d u l e d  f o r  Sep tember  2 6 - 2 8 ,  1976 .  

We a r e  a l s o  p l a n n i n g  a  r a d i a t i o n - a s s o c i a t e d  immunology workshop  

f o r  t h e  s p r i n g  o f  1977 .  

A l i s t  o f  1975 p u b l i c a t i o n s  a n d  p r e s e n t a t i o n s  r e l e v a n t  t o  

t h e  ERDA p rograms  r e p o r t e d  i n  t h i s  volume a p p e a r s  on p a g e s  207- 

2 1 2 .  R e q u e s t s  f o r  r e p r i n t s  o f  p u b l i c a t i o n s  w i l l  be  honored  a s  

l o n g  a s  t h e  s u p p l y  l a s t s .  
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DEVELOPMENT OF AEROSOL EXPOSURE AND ANALYTICAL TECHNIQUES 

P e r s o n  i n  C h a r g e :  W .  C .  Cannon 

T h i s  p r o j e c t  i s  c o n c e r n e d  w i t h  t h e  d e v e l o p m e n t  o f  t e c h n i q u e s  f o r  g e n e r a -  

t i o n  and c h a r a c t e r i z a t i o n  o f  a e r o s o l  e x p o s u r e  a t m o s p h e r e s ;  and  w i t h  t h e  d e v e l -  

opment  o f  r a d i o c h e m i c a l  a n a l y t i c a l  t e c h n i q u e s  f o r  b i o l o g i c a l  a n d  a e r o s o l  

s a m p l e s ,  p a r t i c u l a r l y  t h o s e  a s s o c i a t e d  w i t h  h e a l t h  e f f e c t  s t u d i e s  r e l a t e d  t o  

n u c l e a r  power p r o d u c t i o n .  I t  i s  a l s o  c o n c e r n e d  w i t h  r e l a t i n g  p h y s i c o c h e m i c a l  

a e r o s o l  p r o p e r t i e s  t o  r e s p i r a t o r y  d e p o s i t i o n  p a t t e r n s .  I t  a l s o  b e a r s  t h e  

c o s t  o f  m a i n t a i n i n g  t h e  i n h a l a t i o n  e x p o s u r e  f a c i l i t i e s .  

C u r r e n t  r e s e a r c h  e f f o r t s  i n  t h i s  p r o j e c t  a r e  p r i m a r i l y  d i r e c t e d  toward  

i m p r o v i n g  t h e  c a p a b i l i t y  f o r  e s t i m a t i n g  t h e  a l v e o l a r  d e p o s i t i o n  d u r i n g  i n h a l a -  

t i o n  e x p o s u r e s .  O n - l i n e  i n s t r u m e n t a t i o n  i s  b e i n g  d e v e l o p e d ,  which  w i l l  

p r o v i d e  d a t a  on e x p e r i m e n t a l  a n i m a l  r e s p i r a t i o n  p a r a m e t e r s ,  a e r o s o l  c o n c e n -  

t r a t i o n ,  and  p a r t i c l e - s i z e  d i s t r i b u t i o n .  A c o m p u t e r  w i l l  c o n v e r t  t h e s e  d a t a  

t o  r u n n i n g  e s t i m a t e s  o f  t h e  i n t e g r a t e d  a l v e o l a r  d e p o s i t i o n ,  a s  t h e  e x p o s u r e  

p r o c e e d s ,  t h u s  e n a b l i n g  t h e  e x p o s u r e  t o  b e  t e r m i n a t e d  when t h e  d e s i r e d  d o s e  

h a s  b e e n  d e l i v e r e d .  

R e s e a r c h  i n  r a d i o c h e m i c a l  a n a l y t i c a l  t e c h n o l o g y  i s  p r i m a r i l y  d i r e c t e d  

t o w a r d  i n c r e a s i n g  t h e  e f f i c i e n c y  o f  r o u t i n e  s a m p l e  p r o c e s s i n g .  T h i s  i s  p a r -  

t i c u l a r l y  i m p o r t a n t  i n  t h e  c a s e  o f  t h e  v e r y  l o w - l e v e l  r a d i o n u c l i d e  s a m p l e s  

e n c o u n t e r e d  i n  t i s s u e s  f rom l o n g - t e r m ,  l o w - l e v e l  e f f e c t  s t u d i e s ,  where  i m -  

p r o v e d  column e x t r a c t i o n  p r o c e s s e s  a p p e a r  f e a s i b l e .  T h i s  e f f o r t  s h o u l d  

r e s u l t  i n  i n c r e a s e d  s e n s i t i v i t y  and a c c u r a c y  o f  a n a l y s e s ,  a s  w e l l  a s  a  l a r g e r  

s a m p l e  o u t p u t  r a t e .  
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IRON OXIDE INHALATION STUDIES IN BEAGLE DOGS 

I n v e s t i g a t o r s  : 

W .  C .  Cannon, R .  F. M e g i n n i ~ s , ( ~ )  

D .  K .  C r a i g ,  and J .  P .  H e r r i n g  

T e c h n i c a l  A s s i s t a n c e :  

E .  F. B l a n t o n  

The r e t e n t i o n  o f  i n h a l e d  r a d i o a c t i v e l y  l a b e l e d  i r o n  

o x i d e  a e r o s o l s ,  a s  a  f u n c t i o n  o f  p a r t i c l e  s i z e ,  was 

measured  i n  b e a g l e  d o g s .  

F i v e  b e a g l e  dogs  were  exposed  t o  
p o l y d i s p e r s e d  a e r o s o l s  o f  t h r e e  d i f -  
f e r e n t  AMADs.  (b )  The a e r o s o l s  were  
g e n e r a t e d  f rom s u s p e n s i o n s  o f  c o l -  
l o i d a l  i r o n  s p i k e d  w i t h  l g 8 A u c l 3 .  
V a r i a t i o n  i n  AMAD was a c h i e v e d  by 
c h a n g i n g  t h e  c o n c e n t r a t i o n  o f  t h e  c o l -  
l o i d a l  s u s p e n s i o n .  The a e r o s o l  AMADs 
v a r i e d  from 1.1 p m  t o  3 .8  p m  b u t  t h e  
GSDs(c) were  a l l  i n  t h e  r a n g e  from 
1 . 6 5  t o  1 . 8 0 ,  i n d i c a t i n g  t h a t  t h e  
r e l a t i v e  w i d t h  o f  t h e  d i s t r i b u t i o n s  
was a b o u t  t h e  same i n  a l l  c a s e s .  

The r e t a i n e d  a c t i v i t y  was d e t e r -  
mined by whole -body  c o u n t i n g  and  e x -  
c r e t a  a n a l y s e s .  The i n i t i a l l y  d e -  
p o s i t e d  a c t i v i t y  was d e t e r m i n e d  a s  
t h e  t o t a l  i n h a l e d  volume t i m e s  t h e  

( a )  P r e s e n t l y  a t  C o l l e g e  o f  Lake 
County ,  G r a y s l a k e ,  I l l i n o i s  
60030.  Was N a t i o n a l  S c i e n c e  
F o u n d a t i o n  R e s e a r c h  P a r t i c i p a -  
t i o n  F e l l o w ,  J u n e  t h r o u g h  A u g u s t ,  
19 7 5 .  

( b )  a c t i v i t y  median ae rodynamic  
d i a m e t e r .  

( c )  g e o m e t r i c  s t a n d a r d  d e v i a t i o n .  

a e r o s  01 c o n c e n t r a t  i o n ,  minus  t h e  
t o t a l  e x h a l e d  a c t i v i t y ;  c o r r e c t i o n s  
were  made f o r  d e p o s i t i o n  i n  t h e  sam- 
p l i n g  equ ipment .  The r e t a i n e d  a c -  
t i v i t y  i s  e x p r e s s e d  a s  a  p e r c e n t a g e  
o f  t h e  i n i t i a l l y  d e p o s i t e d  a c t i v i t y .  

F i g u r e  1.1 shows t h e  p e r c e n t  o f  
r e t a i n e d  a c t i v i t y  a f t e r  one d a y  a s  a  

A DOG 9SO 

0 006 1010 

DOG 1012 

A DOG lOld 

FIGURE 1.1. P e r c e n t  of R e t a i n e d  Ac- 
t i v i t y  i n  Dogs Exposed t o  I r o n  Oxide 
A e r o s o l s .  



f u n c t i o n  o f  p a r t i c l e  s i z e  i n  t h e  
r a n g e  f r o m  1 v m  t o  4  p m  AMAD. The 
c u r v e s  f o r  t h r e e  d o g s  ( 1 0 1 0 ,  1 0 1 2 ,  
and 1 0 1 4 )  a r e  q u i t e  s i m i l a r .  The 
c u r v e s  f o r  dogs  980 a n d  1029 w o u l d  
h a v e  s i m i l a r  s l o p e s  e x c e p t  f o r  o n e  
p o i n t  on  e a c h  c u r v e .  E x a m i n a t i o n  o f  
r e s p i r a t i o n  d a t a  f o r  d o g s  980 a n d  
1029 d u r i n g  t h e  e x p o s u r e s  t h a t  p r o -  
d u c e d  t h e  a b e r r a n t  p o i n t s  showed 

b r e a t h i n g  p a t t e r n s  t h a t  w e r e  mark-  
e d l y  d i f f e r e n t  f r o m  t h o s e  u s u a l l y  
o b s e r v e d .  

F u t u r e  e x p o s u r e s  o f  t h e s e  same 
d o g s  w i l l  employ a e r o s o l s  g e n e r a t e d  
by  a  s p i n n i n g  t o p  o r  a  v i b r a t i n g  o r i -  
f i c e  g e n e r a t o r ,  t o  expand  t h e  r a n g e  
o f  a e r o s o l  p a r t i c l e  s i z e s  s t u d i e d  
a n d  t o  o b t a i n  b e t t e r  m e a s u r e m e n t s  o f  
d e p o s i t i o n  a s  a  f u n c t i o n  o f  s p e c i f i c  
p a r t i c l e  s i z e .  

AN INTERCHANGEABLE FACILITY FOR EXPOSURE OF BEAGLE DOGS 

OR MINIATURE SWINE TO RADIOACTIVE AEROSOLS 

I n v e s t i g a t o r s  : 

J .  R .  D e c k e r ,  W .  C .  Cannon,  D .  K .  C r a i g ,  

a n d  J .  L .  Beamer 

T e c h n i c a l  A s s i s t a n c e  : 

E .  F. B l a n t o n  and E. G .  K u f f e l  

An a n i m a l - e x p o s u r e  f a c i l i t y  h a s  b e e n  b u i l t  a n d  

t e s t e d  w h i c h  c a n  be  u s e d  t o  e x p o s e  e i t h e r  b e a g l e  d o g s  

o r  H a n f o r d  m i n i a t u r e  s w i n e  t o  r a d i o a c t i v e  a e r o s o l s .  

An a e r o s o l  i n h a l a t i o n  g l o v e  box 
was d e s i g n e d  w h i c h  w i l l  accommodate 
e i t h e r  m i n i a t u r e  s w i n e  o r  b e a g l e  
d o g s .  I t  c o n s i s t s  of  t h r e e  g l o v e  
b o x e s :  two i n t e r c h a n g e a b l e  b o x e s  
f o r  a n i m a l  c o n t a i n m e n t  ( o n e  f o r  dogs  
a n d  one  f o r  s w i n e ) ,  a n d  a n o t h e r  box 
t o  c o n t a i n  t h e  a e r o s o l  g e n e r a t i o n  
a n d  s a m p l i n g  e q u i p m e n t  ( F i g u r e  1 . 2 .  ) . 
E i t h e r  o f  t h e  a n i m a l  c o n t a i n m e n t  
g l o v e  b o x e s  may b e  a t t a c h e d  t o  t h e  
a e r o s o l  g e n e r a t i o n  b o x ,  d e p e n d i n g  
upon w h i c h  s p e c i e s  i s  b e i n g  e x p o s e d ,  
t h u s  i n c r e a s i n g  v e r s a t i l i t y  a n d  d e -  
c r e a s i n g  c o s t  and s t o r a g e  p r o b l e m s .  

R e f i n e m e n t s  of  p r e v i o u s l y  d e -  
v e l o p e d  a e r o s o l  g e n e r a t i o n  and  sam- 
p l i n g  s y s t e m s  a n d  r e s p i r a t o r y  m o n i t o r -  
i n g  s y s t e m s  i n  u s e  a t  t h i s  l a b o r a t o r y  

f o r  dogs  were  i n c l u d e d  i n  t h e  new d e -  
s i g n .  The a e r o s o l  g e n e r a t i o n  g l o v e  
box  was e n l a r g e d  f o r  i n c l u s i o n  o f  a d -  
d i t i o n a l  s a m p l i n g  e q u i p m e n t  s u c h  a s  
t h e  o n - l i n e  p a r t i c l e  s i z e  d i s t r i b u -  
t i o n  m o n i t o r  p r e s e n t l y  b e i n g  c o n -  
s t r u c t e d .  To accommodate t h e  g r e a t e r  
t i d a l  a n d  m i n u t e  vo lumes  o f  s w i n e  ( a s  
c o n t r a s t e d  w i t h  d o g s ) ,  a  l a r g e r  a e r o -  
s o l  chamber  was r e q u i r e d .  The new 
chamber  i s  c o n s t r u c t e d  o f  s t a i n l e s s  
s t e e l  ( p r e v i o u s  c h a m b e r s  w e r e  p o l y -  
c a r b o n a t e )  t o  p r e v e n t  s t a t i c - c h a r g e  
p r e c i p i t a t i o n  o f  t h e  a e r o s o l  p a r t i -  
c l e s  on t h e  s i d e s  o f  t h e  chamber .  
L o s s  o f  p a r t i c l e s  was a l s o  r e d u c e d  by 
a  new t y p e  o f  d i s p e r s i o n  chamber  a t  
t h e  t o p  o f  t h e  a e r o s o l  c h a m b e r ,  a n d  
a  p o r t  was a d d e d  a t  t h e  b o t t o m  t o  f a -  
c i l i t a t e  t h o r o u g h  c l e a n i n g .  F u t u r e  



HEATER TAPE \ AEROSOL GLOVE BOX 

D ILUT ION A I R  

MAGNET1 C ST1 RRER 1 + I I ~ E X H A L E D  AEROSOL MONITOR 
AEROSOL CHAMER 11 SM'INE GLOVE BOX 
N-LINE AEROSOL. 11 I L d w  0 - 

CONCENTRATION MONITOR 

(PARTICLE S I Z E )  
MERCER CASCADE IMPACTOR 

AEROSOL SAMPLE FILTER 

VOLUME MONITOR 

EXHAUST FILTERS 

0 0 

FIGURE 1 . 2 .  I n h a l a t i o n  Exposure Chamber f o r  Dogs o r  
Swine . 

exper iments  w i l l  de te rmine  i f  c l e a n -  
i ng  between exposures  w i l l  a l l ow  use  
o f  a  s i n g l e  chamber f o r  a e r o s o l s  of 
v a r i o u s  r a d i o n u c l i d e s ,  which would e f -  
f e c t  a  c o n s i d e r a b l e  s a v i n g s .  S e v e r a l  
improvements i n  t h e  r e s p i r a t i o n  moni- 
t o r i n g  system make d i sa s sembly  and 
c l e a n i n g  e a s i e r .  

The on- l i n e  a e r o s o l  c o n c e n t r a t i o n  
moni tor ing  sys tem,  p a r t  o f  t h e  expo- 
s u r e  f a c i l i t y ,  uses  commercial ly 
a v a i l a b l e  sample f i l t e r  h o l d e r s ,  
t h e r e b y  r educ ing  c o s t s .  E r r o r  was r e -  
duced by c o n s i d e r a b l e  r e d u c t i o n  of 

t h e  dead a i r  space  i n  t h e  sample l i n e  
and by improving t h e  geometry of t h e  
a lpha  d e t e c t i o n  sys tem.  

The swine conta inment  g love  box 
was des igned  t o  f a c i l i t a t e  h a n d l i n g  
o f  a  250-pound, a n e s t h e t i z e d  and 
r a d i o a c t i v e  an imal .  The p i g  i s  
p l a c e d  on a  s p e c i a l  s l i n g  i n  a  c a r t  
which can e a s i l y  be r o l l e d  i n t o  and 
ou t  o f  t h e  containment  box. The 
s l i n g  i s  h inged  on one s i d e  t o  a l low 
t h e  p i g  t o  be r o l l e d  o n t o  a n o t h e r  
c a r t  f o r  r e t u r n  t o  t h e  metabolism 
cage fo l lowing  exposure .  



BIOLOGICAL BEHAVIOR OF PLUTONIUM RELEASED WITH SODIUM 

P e r s o n  i n  Charge :  D .  K .  C r a i g  

P o s t u l a t e d  LMFBR a c c i d e n t s  i n v o l v e  t h e  r e l e a s e  of p l u t o n i u m  d i o x i d e  

a e r o s o l s  t o g e t h e r  w i t h  sodium. The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  o b t a i n  

d a t a  on t h e  m e t a b o l i c  b e h a v i o r  o f  c o m b i n a t i o n s  o f  sodium compounds and 

p l u t o n i u m  f o l l o w i n g  i n h a l a t i o n  by r o d e n t s  and d o g s .  T h i s  i n f o r m a t i o n  i s  

r e q u i r e d  i n  o r d e r  t o  c o n d u c t  more r e a l i s t i c  a c c i d e n t  a n a l y s e s ,  and would 

c o n f i r m  o r  c o n t r a d i c t  B r i t i s h  s t u d i e s  which s u g g e s t  t h a t  mixed a e r o s o l s  

o f  p l u t o n i u m  d i o x i d e  and sodium o x i d e  a r e  more t r a n s p o r t a b l e  i n  t h e  lung  

t h a n  a e r o s o l s  o f  p l u t o n i u m  d i o x i d e  a l o n e .  I t  w i l l  a l s o  p r o v i d e  needed 

i n f o r m a t i o n  on t h e  t o x i c o l o g y  of  i n h a l e d  sodium a e r o s o l s  a l o n e .  

I n  i t s  f i r s t  p h a s e ,  t h i s  p r o j e c t  w i l l  be  p r i n c i p a l l y  concerned  w i t h  

t h e  development  o f  Pu-Na a e r o s o l  g e n e r a t i o n  t e c h n i q u e s .  P r e v i o u s  i n v e s t i g a -  

t i o n s  o f  Pu-Na a e r o s o l s  have i n v o l v e d  an  e x p l o d i n g  w i r e  t e c h n i q u e  f o r  a e r o -  

s o l  g e n e r a t i o n ,  b u t  t h i s  method i s  n o t  s a t i s f a c t o r y  f o r  t h e  c o n t i n u o u s  

g e n e r a t i o n  r e q u i r e d  i f  e x p o s u r e s  a r e  t o  e x t e n d  o v e r  s e v e r a l  h o u r s .  Simu- 

l a t e d  LMFBR f u e l  w i l l  be  v a p o r i z e d  u n d e r  c o n t r o l l e d  c o n d i t i o n s  and b r o u g h t  

i n  c o n t a c t  w i t h  sodium v a p o r .  A e r o s o l s  w i l l  b e  c h a r a c t e r i z e d  i n  t e r m s  of  

sodium c o n c e n t r a t i o n ,  p l u t o n i u m  c o n c e n t r a t i o n ,  r a t i o  o f  sodium t o  p l u t o -  

nium, and ae rodynamic  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Having e s t a b l i s h e d  t h e  a e r o s o l  g e n e r a t i o n  t e c h n i q u e s  and i n c o r p o r a t e d  

them i n t o  n o s e - o n l y  a n i m a l  i n h a l a t i o n  a p p a r a t u s ,  r a t s  w i l l  b e  exposed t o  

a e r o s o l s  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  Na o n l y  and v a r i o u s  r a t i o s  o f  Na t o  

Pu. R a t s  w i l l  be  s a c r i f i c e d  a t  i n t e r v a l s  e x t e n d i n g  t o  one y e a r  p o s t -  

e x p o s u r e ,  t o  f o l l o w  t h e  p r o g r e s s i o n  o f  l e s i o n s  and t h e  t r a n s l o c a t i o n  o f  

m a t e r i a l  from t h e  l u n g s  t o  o t h e r  t i s s u e s .  Should t h e  e a r l y  d i s t r i b u t i o n  

and e x c r e t i o n  d a t a  y i e l d  r e s u l t s  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 o s e  

o b t a i n e d  i n  p r e v i o u s  e x p e r i m e n t s  w i t h  i n h a l e d  2 3 9 ~ ~ 0 2 ,  we w i l l  e x t e n d  

t h e s e  s t u d i e s  t o  i n c l u d e  l i m i t e d  e x p e r i m e n t s  u s i n g  b e a g l e  d o g s .  With 

t h e s e  d a t a  i n  hand a  d e c i s i o n  c a n  be made a s  t o  t h e  need f o r  more e x t e n s i v e  

l o n g - t e r m  t o x i c i t y  s t u d i e s .  

T h i s  p r o j e c t  was f i r s t  funded  i n  FY 1976 and r e p o r t a b l e  r e s u l t s  a r e  n o t  

y e t  a v a i l a b l e .  
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P e r s o n  i n  Charge :  J .  F .  P a r k  

T h i s  p r o j e c t  i s  c o n c e r n e d  w i t h  l o n g - t e r m  e x p e r i m e n t s  t o  d e t e r m i n e  t h e  

d o s e - e f f e c t  r e l a t i o n s h i p s  o f  i n h a l e d  p l u t o n i u m  o x i d e  i n  b e a g l e  d o g s ,  a n d  

s h o r t e r - t e r m  e x p e r i m e n t s  t o  s t u d y  t h e  k i n e t i c s  and  d o s i m e t r y  o f  t r a n s p l u t o -  

nium e l e m e n t s  o f  i n t e r e s t ,  s u c h  a s  241Am02,  244Cm02,  and  v a r i o u s  o x i d e  

m i x t u r e s .  

A m a j o r  l i f e - s p a n  s t u d y  i n v o l v i n g  a b o u t  350 b e a g l e s  i s  c u r r e n t l y  i n  

p r o g r e s s .  T h e s e  a n i m a l s  r e c e i v e d  a  s i n g l e  5  t o  3 0 - m i n u t e  e x p o s u r e  t o  a  

Pu02 a e r o s o l  a s  shown i n  t h e  f o l l o w i n g  t a b l e :  

A l v e o l a r  
D e p o s i t i o n  ( p C i )  

3  
1 . 2 5  
0 . 2 5  
0 . 0 5  
0 . 0 1  
0 .002  

C o n t r o l s  

Number o f  Animals  

9 ~ ~ ~ 2 ,  2 3 8 ~ ~ 0 2  

1 0  1 0  
2  0 2  0  
2  0  2  0  
2  0 2  0  
2 0 2  0  
2  0  2 0  

4 0  

The 2 3 9 ~ ~  d o g s  were  e x p o s e d  i n  FY 1971  and FY 1 9 7 2 ;  t h e  2 3 8 ~ ~ 0 2  d o g s ,  i n  

FY 1 9 7 3  and FY 1974 .  The t h r e e  h i g h e s t  d e p o s i t i o n  l e v e l s  o v e r l a p  t h o s e  em- 

p l o y e d  i n  p r e v i o u s  s t u d i e s  t h a t  have  b e e n  c o m p l e t e d  ( 2 3 9 ~ ~ 0 2 )  o r  a r e  c u r -  

r e n t l y  i n  p r o g r e s s  ( 2 3 8 ~ ~ 0 2 ) ,  and  s h o u l d  p r e d i c t a b l y  l e a d  t o  a  h i g h  i n c i -  

d e n c e  o f  l u n g  a n d / o r  bone t u m o r s .  The  l o w e s t  l e v e l  c o r r e s p o n d s  t o  t h e  

p r e s e n t l y  e s t a b l i s h e d  p e r m i s s i b l e  l u n g  b u r d e n ,  i . e . ,  i t  w i l l  r e s u l t  i n  a n  

e s t i m a t e d  a v e r a g e  d o s e  o f  1 5  r e m / y e a r  t o  t h e  l u n g .  I n  a d d i t i o n  t o  t h e  d o g s  

m a i n t a i n e d  f o r  l i f e - s p a n  o b s e r v a t i o n ,  50 d o g s  w e r e  e x p o s e d  f o r  p e r i o d i c  

s a c r i f i c e  t o  o b t a i n  i n f o r m a t i o n  on d e p o s i t i o n ,  r e t e n t i o n ,  t r a n s l o c a t i o n ,  

a n d  e x c r e t i o n  o f  i n h a l e d  p l u t o n i u m ,  and  on t h e  p a t h o g e n e s i s  of  d o s e -  

r e l a t e d  e f f e c t s .  

D e p o s i t i o n ,  r e t e n t i o n ,  t r a n s l o c a t i o n  and e x c r e t i o n  d a t a  a r e  a l s o  b e i n g  

o b t a i n e d  i n  b e a g l e s  a t  i n t e r v a l s  t o  2  y e a r s  f o l l o w i n g  i n h a l a t i o n  o f  

2 4 4 ~ m 0 2  and  2 4  lAm02 a e r o s o l s ,  f o r  c o m p a r i s o n  w i t h  d a t a  p r e v i o u s l y  o b t a i n e d  

on 2 3 9 P u 0 2  and  2 3 8 ~ ~ 0 2 .  These  d a t a  w i l l  b e  u s e d  f o r  e s t i m a t i n g  t h e  r e l a -  

t i v e  r i s k  o f  t h e s e  a l p h a - e m i  t t i n g  r a d i o n u c l i d e s  , t h a t  a r e  p r o m i n e n t  compo- 

n e n t s  o f  n u c l e a r  f u e l  c y c l e  e f f l u e n t s .  
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B e a g l e  dogs  g i v e n  s i n g l e  e x p o s u r e  t o  2 3 9 ~ ~ 0 2  o r  2 3 8 P ~ 0 2  

a e r o s o l s  a r e  b e i n g  o b s e r v e d  f o r  l i f e - s p a n  d o s e - e f  f e c t  r e l a t i o n -  

s h i p s .  The 2 3 9 ~ ~  body b u r d e n  o f  t h e  n i n e  dogs  d y i n g  due  t o  

pu lmonary  f i b r o s i s - i n d u c e d  r e s p i r a t o r y  i n s u f f i c i e n c y  d u r i n g  

t h e  f i r s t  3  y e a r s  a f t e r  e x p o s u r e  was 1 t o  1 2  p C i .  One o f  

t h e s e  dogs  h a d  a  pu lmonary  tumor .  T h r e e  a d d i t i o n a l  d o g s  w i t h  

body b u r d e n s  o f  0 .  7  t o  1 . 8  p C i  d i e d  d u e  t o  pu lmonary  n e o p l a s i a  

4 - 1 / 2  y e a r s  a f t e r  e x p o s u r e .  None o f  t h e  dogs  e x p o s e d  t o  2 3 8 ~ ~  

h a v e  d i e d  d u r i n g  t h e  f i r s t  two p o s t e x p o s u r e  y e a r s .  A f t e r  i n -  

h a l a t i o n  of 2 3 9 ~ ~ ~ 2  o r  2 3 8 ~ ~ 0 2  l y m p h o c y t o p e n i a  was t h e  e a r l i e s t  

o b s e r v e d  e f f e c t ,  o c c u r r i n g  0 . 5  t o  2  y e a r s  a f t e r  d e p o s i t i o n  o f  

80 nCi  p l u t o n i u m  i n  t h e  l u n g s .  

To d e t e r m i n e  t h e  l i f e - s p a n  d o s e -  
e f f e c t  r e l a t i o n s h i p s  o f  i n h a l e d  p l u -  
t o n i u m ,  1 8 - m o n t h - o l d  b e a g l e  do s e were e x p o s e d  t o  a e r o s o l s  o f  2 3  Pu02 
(mean AMAD 2 . 3  pm, mean GSD 1 . 9 )  , 
p r e p a r e d  by c a l c i n i n g  t h e  o x a l a t e  a t  
750°C f o r  2  h r ;  o r  t o  2 3 8 P ~ 1 6 0 2  
(mean AMAD 1 . 8  pm, mean GSD 1 . 9 )  , 
p r e p a r e d  by c a l c i n i n g  t h e  o x a l a t e  a t  
700°C and s u b j e c t i n g  t h e  p r o d u c t  t o  
H2160 s t e a m  i n  a r g o n  e x c h a n g e  a t  
800°C f o r  96 h r .  

One h u n d r e d  t w e n t y  dogs  e x p o s e d  
t o  2 3 9 P u 0 2  i n  1970 and 1 9 7 1  were  s e -  
l e c t e d  f o r  l o n g - t e r m  s t u d i e s ;  1 2  
w i l l  be  s a c r i f i c e d  t o  o b t a i n  p l u -  
tonium d i s t r i b u t i o n  and p a t h o l o g y  
d a t a ,  and  1 0 8  were  a s s i g n e d  t o  l i f e -  
s p a n  d o s e - e f f e c t  s t u d i e s  ( T a b l e  3 . 1 ) .  
One h u n d r e d  t h i r t e e n  d o g s  e x p o s e d  t o  
2 3 8 ~ ~ 1 6 0 2  i n  1 9 7 3  a n d  1974 were  s e -  
l e c t e d  f o r  l i f e - s p a n  d o s e - e f f e c t  
s t u d i e s  ( T a b l e  3 . 2 ) .  F o u r t e e n  a d d i -  
t i o n a l  dogs  f o r  p e r i o d i c  s a c r i f i c e  
were  e x p o s e d  i n  1975 .  



TABLE 3 . 1 .  D o s e - E f f e c t s  S t u d i e s  TABLE 3 . 2 .  D o s e - E f f e c t  S t u d i e s  w i t h  
w i t h  I n h a l e d  2 3 9 P ~ 0 2  i n  B e a g l e s .  I n h a l e d  238Pu02 i n  B e a g l e s .  

INITIAL ALVEOLAR OEPOS I TI  ON(^) 
NUMBER OF OOGS 

OOSE LEVEL GROUP MALE FEMALE --- nCi(b) n c i g   LUNG(^) 

(a) ESTIMATED FROM EXTERNAL THORAX COUNTS AT 14 AND M OAYS POST- 
EXPOSURE AND ESTIMATED LUNG WEIGHTS 

(b) MEAN i 95% CONFI OENCE INTERVALS AROUNO M E  MEANS 

OOSE LEVEL GROUP 

0 

1 

2 

3 

4 

5 

6 

NUMBER OF OOGS 
MALE FEMALE - -  

la) ESTIMATED FROM EXTERNAL THORAX COUNTS AT 14 AND 30  OAYS POST- 
EXPOSURE AND ESTIMATED LUNG WEIGHTS 

Ib) MEAN i 95% CONFIDENCE INTERVALS AROUNO THE MEANS 

D u r i n g  t h e  f i r s t  4 - 1 / 2  y e a r s  f o l -  
l o w i n g  e x p o s u r e  t o  2 3 9 ~ ~ 0 2 ,  s e v e n  
dogs  i n  t h e  h i g h e s t  l e v e l  d o s e  g r o u p  
and  f i v e  d o g s  i n  d o s e - l e v e l  g r o u p  5 
w e r e  e u t h a n i z e d  when d e a t h  was i m m i -  
n e n t  due  t o  r e s p i r a t o r y  i n s u f f i c i e n c y .  
T h r e e  d o g s  were  e u t h a n i z e d  f rom t h e  
low-  l e v e l  s a c r i f i c e  g r o u p  f o r  c o m p a r i -  
s o n  of  p l u t o n i u m  t i s s u e  d i s t r i b u t i o n .  
T a b l e  3 . 3  shows t h e  c a u s e s  of  d e a t h  
and t h e  d i s t r i b u t i o n  o f  2 3 9 ~ ~  i n  t h e  
t i s s u e s  o f  t h e s e  a n i m a l s .  

As s u r v i v a l  t i m e  i n c r e a s e d ,  t h e  
f r a c t i o n  o f  p l u t o n i u m  i n  t h e  l u n g  d e -  
c r e a s e d .  D u r i n g  t h e  f i r s t  p o s t e x p o -  
s u r e  y e a r ,  p l u t o n i u m  was t r a n s l o c a t e d  
p r i m a r i l y  t o  t h e  t h o r a c i c  lymph n o d e s ,  
w i t h  l i t t l e  p l u t o n i u m  t r a n s l o c a t e d  t o  
o t h e r  t i s s u e s .  The f r a c t i o n  o f  p l u -  
t o n i u m  i n  l i v e r  i n c r e a s e d ,  a c c o u n t i n g  
f o r  1 5  t o  29% o f  f i n a l  body b u r d e n  
4 - 1 / 2  y e a r s  a f t e r  e x p o s u r e .  The 
o r g a n  d i s t r i b u t i o n  of  p l u t o n i u m  i n  
t h e  t h r e e  l o w - d o s e - l e v e l  p e r i o d i c a l l y  
s a c r i f i c e d  dogs  was g e n e r a l l y  s i m i l a r  
t o  t h a t  o f  t h e  h i g h - d o s e - l e v e l  d o g s  
s a c r i f i c e d  when d e a t h  was imminen t .  
The two e x c e p t i o n s  were  t h e  l a r g e r  
f r a c t i o n  o f  p l u t o n i u m  i n  t h e  s k e l e t o n  
o f  dog 849 F ,  and a  s m a l l e r  f r a c t i o n  
i n  t h e  l i v e r  o f  t h e  l o w - l e v e l  d o g s  
s a c r i f i c e d  d u r i n g  t h e  s e c o n d  and  
f o u r t h  p o s  t e x p o s u r e  y e a r s .  Dog 
798 F h a d  a  l a r g e r  f r a c t i o n  o f  p l u -  
ton ium i n  t h e  t h o r a c i c  lymph n o d e s .  

The d o g s  t h a t  w e r e  e u t h a n i z e d  d u e  
t o  r e s p i r a t o r y  i n s u f f i c i e n c y  d u r i n g  
t h e  3 - y e a r  p o s t e x p o s u r e  p e r i o d  h a d  
i n c r e a s e d  r e s p i r a t i o n  r a t e s ,  h y p e r -  
c a p n i a  a n d  hypoxemia  a s s o c i a t e d  w i t h  
l e s i o n s  i n  t h e  l u n g s .  I n t e r m i t t e n t  
a n o r e x i a  and  body w e i g h t  l o s s  accom- 
p a n i e d  t h e  r e s p i r a t o r y  i n s u f f i c i e n c y .  
H i s t o p a t h o l o g i c  e x a m i n a t i o n  o f  t h e  
l u n g s  showed r a d i a t i o n  p n e u m o n i t i s  
c h a r a c t e r i z e d  by  i n t e r s t i t i a l  a n d  
s u b p l e u r a l  f i b r o s i s ,  i n c r e a s e d  num- 
b e r s  o f  a l v e o l a r  m a c r o p h a g e s  , a l v e -  
o l a r  e p i t h e l i a l  h y p e r p l a s i a ,  a n d  
f o c i  o f  squamous m e t a p l a s i a .  Au to -  
r a d i o g r a p h s  showed a c t i v i t y  p r i m a r -  
i l y  composed o f  l a r g e  s t a r s  t h a t  
were  more numerous  i n  a r e a s  of  i n t e r -  
s t i t i a l  a n d  s u b p l e u r a l  f i b r o s i s .  
Dog 804 M a l s o  h a d  a  p u l m o n a r y  tumor  
c l a s s i f i e d  a s  a  b r o n c h i o l a r - a l v e o l a r  
c a r c i n o m a .  The t h r e e  d o g s  e u t h a n i z e d  
4 - 1 / 2  y e a r s  a f t e r  e x p o s u r e  showed 
r a d i o g r a p h i c  e v i d e n c e  of  p u l m o n a r y  
n e o p l a s i a  b e f o r e  r e s p i r a t o r y  i n s u f  f i -  
c i e n c y  was o b s e r v e d .  However ,  r e -  
s p i r a t o r y  i n s u f f i c i e n c y  was o b s e r v e d  
p r i o r  t o  e u t h a n a s i a ,  p r o b a b l y  p r i -  
m a r i l y  due  t o  n e o p l a s i a  i n  t h e  l u n g .  
I n  two o f  t h e  d o g s  t h e  t u m o r s  w e r e  
c l a s s i f i e d  a s  b r o n c h i o l a r - a l v e o l a r  
c a r c i n o m a  and  i n  t h e  o t h e r  dog  a s  
e p i d e r m o i d  c a r c i n o m a ,  f o l l o w i n g  t h e  
World H e a l t h  O r g a n i z a t i o n  c l a s s i f i -  
c a t i o n  o f  l u n g  t u m o r s  i n  a n i m a l s .  
The e p i d e r m o i d  c a r c i n o m a  m e t a s t a s i z e d  



TABLE 3 . 3 .  T i s s u e  D i s t r i b u t i o n  o f  P l u t o n i u m  i n  B e a g l e s  
A f t e r  I n h a l a t i o n  o f  239PuO2, 

T I M E  AFTER F I N A L  BODY PERCENT OF F I N A L  BODY BURDEN 
DOG EXPOSURE, BURDEN, LYMPH 

NUMBER MONTHS p C i  LUNGS NODES(~)  LIVER SKELETON CAUSE OF DEATH ---- 
910 M 11 123 84 15 006 (104 RESPl RATORY 

INSUFFICIENCY 

747 F 12 5.4 71 29 0 07 0 07 RESPIRATORY 
INSUFFICIENCY 

RESPl RATORY 
INSUFFICIENCY 

PERIODIC 
SACRIFICE 

RESPIRATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 

PERIODIC 
SACRIFICE 

RESPIRATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 

RESPl RATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 
AND LUNG TUMOR 

798 F 43 00056 55 44 0 17 043 PERIODIC 
SACRIFICE 

772 M 53 1.821 42 22 29.0 0 69 LUNG TUMOR 

759 M 54 0707 43 27 15.0 0 65 LUNG TUMOR 

796 F 55 0671 40 31 21.0 L M  LUNG TUMOR 

(a' TRACHEOBRONCHIAL, M E D l A S T l N A L  AND STERNAL LYMPH NODES 

t o  t h e  s k e l e t o n  and t h e  b r o n c h i o l a r -  
a l v e o l a r  c a r c i n o m a s  m e t a s t a s i z e d  t o  
t h e  h e a r t  and t h o r a c i c  lymph n o d e s  i n  
one  d o g ,  and t o  t h e  t h o r a c i c  lymph 
n o d e s ,  m e d i a s t  inum, k i d n e y ,  s k e l e t o n  
and  a x i l l a r y  lymph node i n  t h e  o t h e r  
dog .  Two of t h e  dogs  h a d  l e s l o n s  o f  
s e c o n d a r y  h y p e r t r o p h i c  o s t e o a r t h r o p -  
a t h y  . S c l e r o s i n g  l y n p h a d e n i t  i s  was 
a s s o c i a t e d  w i t h  t h e  h i g h  c o n c e n t r a -  
t i o n  of  p l u t o n i u m  i n  t h e  t h o r a c i c  
lymph n o d e s .  T h e r e  was a l s o  a  g e n e r -  
a l i z e d  lymphoid  a t r o p h y  w h i c h  may be  
r e l a t e d  t o  t h e  d e b i l i t a t i o n  i n  t h e  
dogs  w i t h  r e s p i r a t o r y  i n s u f f i c i e n c y  , 
o r  t o  l y m p h o c y t o p e n i a .  

H i s t o p a t h o l o g i c a l  e x a m i n a t i o n  o f  
p e r i o d i c a l l y  s a c r i f i c e d  d o g s  i n d i -  
c a t e d  n o  p l u t o n i u m - r e l a t e d  l e s i o n s  
i n  dog 849 F ( 0 .  7  nCi )  . Dog 798 F 

( 5 . 6  n C i )  h a d  s l i g h t  lympho id  a t r o p h y  
i n  t h e  t r a c h e o b r o n c h i a l  lymph n o d e s ,  
c h a r a c t e r i z e d  by i n c r e a s e d  amounts  
o f  p h a g o c y t i z e d  p i g m e n t  i n  t h e  me- 
d u l l a ,  r e d u c e d  numbers  o f  m a t u r e  
l y m p h o c y t e s  and  a n  a p p a r e n t  unmask ing  
o f  t h e  r e t i c u l a r  c e l l s  i n  t h e  o u t e r  
a r e a  of t h e  c o r t e x .  The t r a c h e o b r o n -  
c h i a l  lymph n o d e s  o f  dog 815 M 
(74 n C i )  h a d  m o d e r a t e  lympho id  a t -  
r o p h y  c h a r a c t e r i z e d  by d e c r e a s e d  
l y m p h o i d  f o l l i c l e s  i n  t h e  c o r t e x ,  i n -  
c r e a s e d  amounts  o f  p h a g o c y t i z e d  p i g -  
ment  i n  t h e  m e d u l l a ,  p o o r l y  d e f i n e d  
m e d u l l a r y  c o r d s  a n d  i n c r e a s e d  f i b r o u s  
c o n n e c t i v e  t i s s u e .  The l u n g s  of  
dog 798 F a n d  815 >i were  e s s e n t i a l l y  
n o r m a l  w i t h  t h e  e x c e p t i o n  o f  a n  o c c a -  
s i o n a l  f o c a l  a r e a  o f  p l e u r a l  o r  s u b -  
p l e u r a l  f i b r o s i s  a s s o c i a t e d  w i t h  
a l p h a  s t a r s  on t h e  a u t o r a d i o g r a p h s .  



The most  c o n s i s t e n t  e f f e c t  on t h e  
fo rmed  e l e m e n t s  of b l o o d  i n  t h e  
2 3 9 ~ u 0 2 - e x p o s e d  dogs  h a s  b e e n  a  s i g -  
n i f i c a n t  (P < 0 . 0 5 ) ,  d o s e - r e l a t e d  
ly rnphocy topen ia  a t  mean i n i t i a l  a l -  
v e o l a r  d e p o s i t i o n s  of 79 nCi  and  
g r e a t e r .  T h i s  ly rnphocy topen ia  con-  
t i n u e d  t o  be  m a n i f e s t e d  t h r o u g h  47 
months  p o s t e x p o s u r e  ( F i g u r e  3 . 1 ) .  
A t  mean i n i t i a l  a l v e o l a r  d e p o s i t i o n s  
o f  e i t h e r  3 .5  o r  22 n C i ,  t h e  mean 
lymphocy te  c o n c e n t r a t i o n s  d e c l i n e d  
a f t e r  a b o u t  2  y e a r s  and  remained  b e -  
low t h a t  of c o n t r o l  d o g s ,  b u t  t h e  
d i f f e r e n c e s  were  n o t  s i g n i f i c a n t .  
Wi th  mean i n i t i a l  a l v e o l a r  d e p o s i -  
t i o n s  of 5 , 8 0 0  n C i ,  pu lmonary  f i b r o -  
s i s  a n d  r e s p i r a t o r y  i n s u f f i c i e n c y  d e -  
v e l o p e d  r e l a t i v e l y  r a p i d l y  and  o n l y  
one  dog s u r v i v e d  beyond  31 months  
a f t e r  e x p o s u r e .  The s u s t a i n e d  
ly rnphocy topen ia  i n  Groups 4  and  5  
(mean i n i t i a l  a l v e o l a r  d e p o s i t i o n s  o f  
300 and 1 , 1 0 0  nCi )  , a n d  t h e  p r o g r e s -  
s i v e  l y m p h o c y t o p e n i a  i n  Group 3  (mean 
i n i t i a l  a l v e o l a r  b u r d e n ,  79 n C i )  may 
b e  t h e  r e s u l t  o f  c o n t i n u e d  i r r a d i a -  
t i o n  of c i r c u l a t i n g  l y m p h o c y t e s .  The 
p r o g r e s s i v e  d e c r e a s e  i n  Group 3 
lymphocy tes  i s  of p a r t i c u l a r  i n t e r e s t ,  
s i n c e  by 3 - 1 / 2  y e a r s  p o s t e x p o s u r e  t h e  
v a l u e s  a r e  n o t  g r e a t l y  d i f f e r e n t  from 
t h o s e  o f  Groups  4  a n d  5 .  These  r e -  
s u l t s  m i g h t  b e  o b t a i n e d  i f  a  s l o w l y  
r e p l a c e d ,  r a d i o s e n s  i t i v e  s u b p o p u l a -  
t i o n  o f  l y m p h o c y t e s  were  i n v o l v e d .  
I n  s u c h  a  c a s e ,  c e l l  d e a t h  c o u l d  u l -  
t i m a t e l y  a p p r o a c h  c e l l  r e n e w a l  r a t e s ,  
t h u s  e s t a b l i s h i n g  a  new e q u i l i b r i u m .  
A t  h i g h e r  e x p o s u r e  l e v e l s  (Groups  4 
and  5) t h i s  s u b p o p u l a t i o n  would be 
k i l l e d  more r a p i d l y ,  b u t  t h e y  would 
p l a t e a u  a t  a  l e v e l  s i m i l a r  t o  t h a t  
of Group 3 .  I n v e s t i g a t i o n s  a r e  u n d e r  
way t o  d e f i n e  t h e  s u b p o p u l a t i o n s  o f  
l y m p h o c y t e s  t h a t  a r e  a f f e c t e d  b y  t h e  
2 3 9 ~ u  i n h a l a t i o n .  

The 2 3 9 ~ ~  t i s s u e  d i s t r i b u t i o n  
d a t a  ( T a b l e  3.  3 )  show a  d e c r e a s e  i n  
t h e  p l u t o n i u m  l u n g  b u r d e n  w i t h  t i m e  
a f t e r  e x p o s u r e ,  t h e r e f o r e  a  p r o b a b l e  
s o u r c e  o f  t h e  c h r o n i c  i r r a d i a t i o n  
c a u s i n g  t h e  l y m p h o c y t o p e n i a  would b e  
t h e  t r a c h e o b r o n c h i a l  lymph n o d e s .  
S t u d i e s  i n  r o d e n t s  ( R o s e r  a n d  F o r d ,  
A u s t .  J .  B i o l .  Med. S c i .  5 0 ,  1 6 5 ,  
19 72) have  shown t h a t  r a d z n u c l i d e s  
i n j e c t e d  i n t o  a  s i n g l e  lymph node 
c h a i n  can  r e s u l t  i n  a  p r o l o n g e d  and 
s u s t a i n e d  ly rnphocy topen ia .  I n  a d d i -  
t i o n  t o  d i r e c t  r a d i a t i o n ,  i n d i r e c t  
e f f e c t s  r e s u l t i n g  i n  s u s t a i n e d  

ly rnphocy topen ia  m u s t  a l s o  b e  c o n s i d -  
e r e d .  T h e r e  was a  p r o g r e s s i v e  d e -  
c r e a s e  i n  t o t a l  l e u k o c y t e  v a l u e s  a n d  
t h e  two h i g h e s t  d o s e -  l e v e l  g r o u p s  
were  s i g n i f i c a n t l y  d i f f e r e n t  
(p  < 0 . 0 5 )  from t h e  c o n t r o l s  ( F i g -  
u r e  3 . 1 ) .  T h i s  change  was due  p r i -  
m a r i l y  t o  t h e  r e d u c t i o n  i n  lympho- 
c y t e s  w i t h  a  l e s s e r  r e d u c t i o n  i n  
n e u t r o p h i l s ,  e x c e p t  i n  t h e  h i g h e s t  
d o s e - l e v e l  g r o u p .  T h e r e  was no d i f -  
f e r e n c e  i n  e i t h e r  monocyte  o r  e o s i n o -  
p h i 1  c o n c e n t r a t i o n s  i n  p e r i p h e r a l  
b l o o d  be tween  e x p o s e d  and  c o n t r o l  
a n i m a l s .  No s i g n i f i c a n t  c h a n g e s  i n  
mean v a l u e s  f o r  r e d  c e l l  p a r a m e t e r s  
were  o b s e r v e d  d u r i n g  t h e  4 - y e a r  p o s t -  
e x p o s u r e  p e r i o d .  

None of t h e  d o g s  on t h e  2 3 8 ~ ~ 1 6 ~  2 
l i f e - s p a n  d o s e - e f f e c t  s t u d y  h a v e  
d i e d .  The most o b v i o u s  h e m a t o l o g i c  
e f f e c t  of 2 3 8 ~ ~  was on c i r c u l a t i n g  
lymphocy te  c o n c e n t r a t i o n s  ( F i g u r e  3 . 2 ) .  
T h e r e  was a  d o s e - r e l a t e d  l y m p h o c y t o -  
p e n i a  i n  Groups 3  t h r o u g h  6  s i m i l a r  
t o  t h a t  f o u n d  f o l l o w i n g  i n h a l a t i o n  
of 9 ~ ~ 0 2 .  The lymphocy t  o p e n i a  
a f t e r  2 3 8 ~ ~  i n h a l a t i o n  was more p r o -  
nounced  i n  Groups 3  a n d  4 ,  b o t h  a s  
t o  m a g n i t u d e  o f  d e p r e s s i o n  a n d  t i m e  
o f  a p p e a r a n c e ,  t h a n  i n  t h e  c o m p a r a b l e  

3 9 ~ ~ 0 2  e x p o s u r e  g r o u p s .  T h e s e  r e  - 
s u l t s  a r e  p r o b a b l y  r e l a t e d  t o  t h e  
g r e a t e r  t r a n s l o c a t i o n  o f  2 3 8 ~ ~  t o  
e x t r a p u l m o n a r y  t i s s u e s  i n c l u d i n g  
s k e l e t o n  and  b o n e .  One dog i n  t h e  
p e r i o d i c  s a c r i f i c e  g r o u p  w i t h  a  f i n a l  
body b u r d e n  o f  1 4  nCi  one  y e a r  a f t e r  
e x p o s u r e  h a d  5 2 %  o f  t h e  f i n a l  p l u -  
ton ium body b u r d e n  i n  t h e  l u n g  w i t h  
9 %  i n  t h e  t h o r a c i c  lymph n o d e s ,  6 %  
i n  t h e  l i v e r ,  1 6 %  i n  t h e  s k e l e t o n  a n d  
11% i n  t h e  k i d n e y .  O t h e r  e x p e r i m e n t s  
r e p o r t e d  i n  t h i s  Annual  R e p o r t  show 
more t r a n s l o c a t i o n  o f  2 3 8 ~ ~  t o  t h e  
s k e l e t o n  t h a n  2 3 9 ~ ~ .  T o t a l  l e u k o -  
c y t e  v a l u e s  ( F i g u r e  3 . 2 )  were  m o s t  
o b v i o u s l y  d e p r e s s e d  i n  Groups  5  a n d  
6  b u t  w i t h  a  s i m i l a r  t r e n d  i n  
Groups  3  and 4 .  T h i s  e f f e c t  was due  
p r i m a r i l y  t o  r e d u c t i o n  i n  lympho- 
c y t e s  i n  Groups  3  and  4 .  A d e p r e s -  
s i v e  e f f e c t  o f  2 3 8 P ~  i n h a l a t i o n  on 
n e u t r o p h i l s  was m a n i f e s t e d  by 4  
months  p o s t e x p o s u r e  i n  Group 6  d o g s ,  
and  t h i s  became p r o g r e s s i v e l y  more 
p r o n o u n c e d  w i t h  t i m e .  A s i m i l a r  e f -  
f e c t  was n o t e d  i n  Group 5  dogs  s t a r t -  
i n g  a b o u t  14 months p o s t e x p o s u r e .  
E o s i n o p h i l  v a l u e s  i n  Group 6  dogs  
t e n d  t o  b e  l o w e r  t h a n  i n  c o n t r o l s  o r  
o t h e r  e x p o s u r e  g r o u p s  f rom 1 - 2 6  



I N I T I A L  ALVEOLAR 
DEPOSITION. nCi - -  . - 

o GROUP 1 3.5 * 1.3 
GROUP 2 22 * 4 
GROUP 3 79 * 14 

o GROUP 4 
A GROUP 5 1100 * 170 

TIME.MONTHS AFTER EXPOSURE 

FIGURE 3 . 1 .  Mean Lymphocyte ,  Leuko- 
c y t e  and  N e u t r o p h i l  V a l u e s  from Dogs 
a f t e r  I n h a l a t i o n  o f  2 3 9 ~ ~ 0 2 .  The 
s h a d e d  a r e a  r e p r e s e n t s  mean v a l u e s  
f rom a g e - r e l a t e d  c o n t r o l  dogs  + t h e  
mean 9 5 %  c o n f i d e n c e  i n t e r v a l .  

months f o l l o w i n g  2 3 8 ~ ~ 0 2  i n h a l a t i o n .  
The r e d  b l o o d  c e l l  c o n c e n t r a t i o n s  
a l s o  t e n d e d  t o  b e  h i g h e r  i n  Groups 5 
and 6 f o r  t h e  f i r s t  few months  a f t e r  
e x p o s u r e  t h a n  were  t h o s e  o f  e i t h e r  
t h e  c o n t r o l  o r  o t h e r  e x p o s e d  g r o u p s .  
There  w e r e  n o  s t a t i s t i c a l l y  s i g n i f i -  
c a n t  d i f f e r e n c e s  i n  rnonocyte o r  e o -  
s i n o p h i l  c o n c e n t r a t i o n  o r  i n  v a l u e s  
f o r  r e d  c e l l  p a r a m e t e r s  be tween  e x -  
p o s e d  and c o n t r o l  a n i m a l s .  

I n  t h e  c o n t r o l  dogs  t h e r e  a p p e a r s  
t o  be  an a g e - r e l a t e d  r e d u c t i o n  i n  
c i r c u l a t i n g  l e u k o c y t e s  and  lympho- 
c y t e  c o n c e n t r a t i o n s  which  was n o t  
f o u n d  i n  t h e  c o n t r o l  d o g s  f o r  t h e  
2 3 9 ~ ~  i n h a l a t i o n  s t u d y .  Both g r o u p s  

IN IT IAL ALVEOLAR 
DEPOSITION, nCi 

- o GROUP 1 2.3 + as 
GROUP 2 18 + 3 
GROUP 3 77 + 11 
GROUP 4 350 * 81 1 

TIME-MONTHS AFTER EXPOSURE 

FIGURE 3 . 2 .  Mean Lymphocyte ,  Leuko- 
c y t e ,  and N e u t r o p h i l  V a l u e s  f rom Dogs 
a f t e r  I n h a l a t i o n  of  2 3 8 ~ u 1  The 
s h a d e d  a r e a s  r e p r e s e n t  mean v a l u e s  
from a g e - r e l a t e d  c o n t r o l  dogs  ? t h e  
mean 9 5 %  c o n f i d e n c e  i n t e r v a l .  

o f  c o n t r o l s  were  s i m i l a r  a g e s  a t  i n i -  
t i a t i o n  o f  t h e  s t u d y .  They h a d  s i m i -  
l a r  b r e e d i n g  b a c k g r o u n d s  , and were  
housed  and h a n d l e d  under  s i m i l a r  c i r -  
c u m s t a n c e s ,  s o  a n  e x p l a n a t i o n  of  t h i s  
d i f f e r e n c e  i s  n o t  r e a d i l y  a p p a r e n t .  

Pulmonary f u n c t i o n  t e s t s  were p e r -  
formed d u r i n g  t h e  f o u r t h  p o s t e x p o s u r e  
y e a r ,  on r e p r e s e n t a t i v e  dogs f rom 
e a c h  of  t h e  f o u r  h i  h e s t  d o s e - l e v e l  ! g r o u p s  e x p o s e d  t o  9 ~ u 0 2 .  The r e -  
s u l t s  of t h e s e  t e s t s  a r e  summar ized  
i n  T a b l e  3 . 1 .  T e s t s  w e r e  d i v i d e d  
i n t o  two g r o u p s :  t h o s e  which  c o u l d  
be  p e r f  ormed on  awake dogs  , and t h o s e  
r e q u i r i n g  a n e s t h e s i a  t o  a c h i e v e  s p e  - 
c i f i c  v e n t i l a t o r y  p a t t e r n s .  Because  
o f  t h e  r i s k s  o f  a n e s t h e s i a  i n  a n i m a l s  
w i t h  s e r i o u s  pu lmonary  i m p a i r m e n t ,  



d o g s  w i t h  h i g h  r e s p i r a t o r y  r a t e s  a n d  
abnormal  a r t e r i a l  b l o o d  g a s e s  w e r e  
n o t  a n e s t h e t i z e d .  Pulmonary f u n c t i o n  
t e s t s  v a r y  i n  t h e i r  s e n s i t i v i t y  t o  
d e t e c t  pu lmonary  a b n o r m a l i t i e s .  Some 
of t h e s e  t e s t s ,  p a r t i c u l a r l y  t h o s e  r e -  
q u i r i n g  a n e s t h e s i a ,  h a v e  n o t  been  
f u l l y  e v a l u a t e d  i n  d o g s ,  a l t h o u g h  
t h e y  a r e  u s e d  r o u t i n e l y  a s  i n d i c a t o r s  
o f  pu lmonary  a b n o r m a l i t i e s  i n  non-  
a n e s t h e t i z e d  humans.  By u s i n g  s e v -  
e r a l  t e s t s  t o  e v a l u a t e  pu lmonary  
f u n c t i o n  i n  t h e s e  d o g s ,  r e s u l t s  o f  
d i f f e r e n t  t e s t s  c a n  be compared i n  
a t t e m p t i n g  t o  d e f i n e  a  p a t t e r n  o f  
f u n c t i o n a l  c h a n g e s  a s s o c i a t e d  w i t h  
p l u t o n i u m  e x p o s u r e .  

T i d a l  vo lume ,  r e s p i r a t o r y  r a t e  and  
m i n u t e  volume h a v e  been  shown p r e -  
v i o u s l y  t o  be  a f f e c t e d  i n  s e r i o u s  p u l -  
monary d i s e a s e .  T a b l e  3 . 4  shows t h a t  
dogs  from t h e  two h i g h e s t  d o s e  g r o u p s  
h a d  d e c r e a s e d  t i d a l  volumes a n d  t h e  
s i n g l e  dog f rom Group 6 h a d  a n  i n -  
c r e a s e d  r e s p i r a t o r y  r a t e .  Dogs f r o m  
Groups  4  a n d  5  showed d e c r e a s e d  m i -  
n u t e  volume. Pu lmonary  c o m p l i a n c e  
measurements  p r o v i d e  a n  a s s e s s m e n t  o f  
l u n g  e l a s t i c i t y ,  a  d e c r e a s e d  c o m p l i -  
ance  i n d i c a t i n g  an i n c r e a s e d  l u n g  
s t i f f n e s s .  T a b l e  3 . 4  shows t h a t  dy-  
namic  c o m p l i a n c e  was d e c r e a s e d  i n  
dogs  from Groups 3 ,  4 ,  and  5 ,  w h i l e  
q u a s i - s t a t i c  c o m p l i a n c e  was d e c r e a s e d  

TABLE 3 . 4 .  Summary o f  Pulmonary F u n c t i o n  T e s t s  (mean + SD) 

CONTROL 

AWAKE TESTS') 

GROUP 3 GROUP 4  GROUP 5 -- GROUP 6 

NUMBER OF DOGS 7 

TIDAL VOLUME 
( rn l lkg)  

RESPIRATION RATE 18 
(breaths /m inu te )  * 6 6  

MINUTE VOLUME 362 
( rn l l rn in lkg l  * 168 

COMPLIANCE, DYNAMIC 68 6 
(rnl lcrn H20)  * 8 4  

HEART RATE 127 
( b e a  t s l  m i n u t e )  * 31 

(rnrn H g l  

ANESTHESIA TESTS') 

NUMBER OF DOGS 7 

COMPLIANCE, QUASI STATIC 
(m l  I c m  H20 )  

PULMONARY RESISTANCE 
(crn H20 I I1 sec l  

VITAL CAPACITY 
(rnl lkg) 

M3 
(% N21 I )  

CLOSING VOLUME1 VITAL 
CAPACITY (%) 

(a) STATI STICALLY DIFFERENT (P<&051 FROM CONTROLS B Y  DUNCAN'S MULTIPLE 
RANGE TEST 

TESTS EXPLAINED I N  TEXT 



on ly  i n  dogs from Group 5 .  Pulmonary 
r e s i s t a n c e ,  a s  measured i n  a n e s t h e -  
t i z e d  dogs ,  was i n c r e a s e d  i n  dogs 
from Groups 3  and 5 .  S ince  most of 
t h e  r e s i s t a n c e  t o  a i r  moving i n  and 
o u t  of t h e  lung  o c c u r s  i n  t h e  l a r g e  
a i r w a y s ,  t h i s  t e s t  s u g g e s t s  t h a t  t h e  
c a l i b e r  o f  t h e s e  a i rways  may be  a f -  
f e c t e d  by p lu tonium exposu re .  

Dogs from Groups 5  and 6 had 
PaC02 ( a r t e r i a l  C02 p a r t i a l  p r e s s u r e )  
i n d i c a t i v e  of minor  pulmonary abnor-  
m a l i t i e s .  Ex t ens ive  channe l s  f o r  
c o l l a t e r a l  v e n t i l a t i o n ,  p r e s e n t  i n  
dogs bu t  n o t  i n  humans, may a l l ow  
b lood  g a s e s  t o  remain r e l a t i v e l y  n o r -  
mal d e s p i t e  s e v e r e  pulmonary d i s e a s e .  

V i t a l  c a p a c i t y  ( t h e  d i f f e r e n c e  i n  
lung volume between maximum e x h a l a -  
t i o n  and maximum i n h a l a t i o n )  was n o t  
s i g n i f i c a n t l y  a f f e c t e d  i n  any of t h e  
exposure  g roups .  M 3  i s  t h e  s l o p e  of 
t h e  a l v e o l a r  n i t r o g e n  p l a t e a u  mea- 
s u r e d  d u r i n g  t h e  c l o s i n g  volume ma- 

n e u v e r ,  and r e f l e c t s  t h e  d i s t r i b u t i o n  
of ga s  i n  t h e  l ung .  C los ing  volume 
maneuvers a r e  performed by maximally 
i n f l a t i n g  t h e  l ung  w i t h  oxygen,  t hen  
s lowly  d e f l a t i n g  t o  maximum e x h a l a -  
t i o n  w h i l e  p l o t t i n g  n i t r o g e n  concen-  
t r a t i o n  v s .  volume. M 3  was n o t  a f -  
f e c t e d  by p lu tonium exposu re .  
C los ing  volume ( a  measurement r e l a t e d  
t o  t h e  s t a b i l i t y  o f  t h e  sma l l  a i r -  
ways) was i n c r e a s e d  i n  dogs from 
Group 5. 

The r e s u l t s  of pulmonary f u n c t i o n  
t e s t s  a r e  c o n s i s t e n t  w i t h  what would 
be expec t ed  from s t i f f e r  l ungs  due t o  
pulmonary f i b r o s i s ,  r e s u l t i n g  i n  l e s s  
e f f i c i e n t  d i s t r i b u t i o n  of r e s p i r e d  
a i r .  Whether dogs a t  lower dose-.  
l e v e l s  w i l l  d eve lop  changes s i m i l a r  
t o  t h o s e  s e e n  i n  t h e  dogs from 
Groups 3,  4 and 5 ,  o r  whether  a  d i f -  
f e r e n t  p a t t e r n  o f  changes w i l l  be 
s e e n  a t  lower dose  l e v e l s ,  w i l l  be 
de t e rmined  i n  f u r t h e r  s t u d i e s .  
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O s t e o s a r c o m a s  were  t h e  p r i m a r y  c a u s e  o f  d e a t h  i n  b e a g l e  

d o g s  4  t o  8  y e a r s  a f t e r  i n h a l a t i o n  o f  2 3 8 ~ ~ 0 2 .  The p l u t o n i u m  

body b u r d e n  a t  d e a t h  r a n g e d  f rom 0 . 4  t o  2 . 6  u C i  w i t h  32 t o  

55% of  t h e  p l u t o n i u m  i n  t h e  s k e l e t o n .  Pulmonary n e o p l a s i a  

was o b s e r v e d  i n  t h r e e  o f  t h e  b o n e -  t u m o r - b e a r i n g  d o g s .  

B e a g l e  dogs  were  e x p o s e d  8  y e a r s  
a g o  t o  a e r o s o l s  of  2 3 8 ~ ~ 0 2  f o r  s t u d y  
o f  l o n g - t e r m  d i s p o s i t i o n  and b i o l o g -  
i c a l  e f f e c t s .  Nine of  t e n  d o g s  e x -  
p o s e d  t o  350°C- c a l c i n e d  2 3 8 ~ ~ 0 2  (CMD, 
0 . 1  urn), and t e n  o f  12 dogs  e x p o s e d  
t o  2 3 8 ~ u 0 2  f rom c r u s h e d  m i c r o s p h e r e s  
(CMD, 0 . 7  um), d i e d  o r  were  e u t h a n -  
i z e d  when d e a t h  was imminen t .  
T a b l e  3 . 5  shows t h e  c a u s e s  o f  d e a t h  
a n d  t h e  d i s t r i b u t i o n  o f  2 3 8 ~ ~  i n  t h e  
t i s s u e s  o f  t h e s e  a n i m a l s .  

F i v e  dogs  d i e d  d u r i n g  t h e  f i r s t  3  
y e a r s  p o s t e x p o s u r e .  Two o f  t h e s e  
d o g s ,  w i t h  a  7 -8  u C i  f i n a l  body b u r -  
d e n ,  were  e u t h a n i z e d  b e c a u s e  o f  r e -  
s p i r a t o r y  i n s u f f i c i e n c y  r e l a t e d  t o  
p l u t o n i u m -  i n d u c e d  pu lmonary  f i b r o s i s  . 
Two d o g s  d i e d  o f  c a u s e s  a p p a r e n t l y  
n o t  r e l a t e d  t o  p l u t o n i u m  e x p o s u r e :  
wounds and  e n c e p h a l i t i s .  

Dur ing  t h e  4 -  t o  8 - y e a r  p o s t e x p o -  
s u r e  p e r i o d ,  e l e v e n  d o g s  were  e u t h a n -  
i z e d  due t o  bone t u m o r s .  One d o g ,  
e u t h a n i z e d  b e c a u s e  o f  mye logenous  
l e u k e m i a ,  a l s o  h a d  a  bone t u m o r .  
T h r e e  o f  t h e  dogs  e u t h a n i z e d  b e c a u s e  
o f  bone t u m o r s  a l s o  h a d  l u n g  t u m o r s .  
I n  one  dog (405 M), t h e  l u n g  tumor  
was e v i d e n t  r a d i o g r a p h i c a l l y  15 
months  p r i o r  t o  e u t h a n a s i a .  The t u -  
mor was c l a s s i f i e d  a s  a  b r o n c h i o l a r -  
a l v e o l a r  c e l l  c a r c i n o m a  and  had m e t a s -  
t a s i z e d  t o  t h e  t r a c h e o b r o n c h i a l  lymph 

n o d e s .  The o t h e r  two d o g s  (488  F ,  
489 F) h a d  s m a l l  tumors  which  w e r e  
composed o f  b r o n c h i o l a r  o r  a l v e o l a r  
c e l l s ,  and  were  c l a s s i f i e d  a s  a d e -  
nomas f o r  l a c k  o f  h i s t o l o g i c  e v i -  
d e n c e  o f  m a l i g n a n c y .  One dog was 
e u t h a n i z e d  due t o  a  f i b r o s a r c o m a  on 
t h e  s i d e  o f  t h e  f a c e  w i t h  no  e v i d e n c e  
o f  bone  i n v o l v e m e n t .  One dog d i e d  
due t o  i n t e s t i n a l  o b s t r u c t i o n ,  p r o b -  
a b l y  n o t  r e l a t e d  t o  t h e  p l u t o n i u m  e x -  
p o s u r e .  I t  i s  n o t  known w h e t h e r  t h e  
f  i b r o s a r c o m a  and myelogenous  l e u k e -  
mia  were  r e l a t e d  t o  t h e  p l u t o n i u m  
e x p o s u r e .  C o n s i d e r i n g  t h e i r  low i n -  
c i d e n c e  i n  c o n t r o l s ,  t h e  l u n g  a n d  
bone  t u m o r s  were  a l m o s t  c e r t a i n l y  
c a u s e d  by p l u t o n i u m .  

An o s t e o s a r c o m a  i n  t h e  l e f t  hu -  
merus  was s u r g i c a l l y  removed f r o m  
dog  480 F  86 months  a f t e r  e x p o s u r e  
(one  month a f t e r  r a d i o g r a p h i c  d i a g -  
n o s i s )  by a m p u t a t i o n  o f  t h e  l e g .  I t  
was a n t i c i p a t e d  t h a t  r e m o v a l  o f  t h e  
o s t e o s a r c o m a  c o u l d  p r o l o n g  t h e  s u r -  
v i v a l  o f  t h e  dog a n d  p e r h a p s  p r o v i d e  
an o p p o r t u n i t y  t o  o b s e r v e  p l u t o n i u m -  
i n d u c e d  tumor  i n  o t h e r  t i s s u e s ,  e s -  
p e c i a l l y  t h e  l u n g .  The dog was e u -  
t h a n i z e d  1 3  months  l a t e r  (99 months  
a f t e r  e x p o s u r e )  due  t o  r a d i o g r a p h i c  
e v i d e n c e  o f  l u n g  tumors  and  b o n e  t u -  
mors i n  t h e  r i g h t  humerus  a n d  p e l v i s .  
H i s t o p a t h o l o g y  i s  i n  p r o g r e s s .  



TABLE 3.5. Mortality and Tissue Distribution of Plutonium 
In Dogs after Inhalation of 2 3 8 ~ ~ 0 2 .  

TIME AFlER FINAL BODY %OF FINAL BODY BURDEN 
DOG EXPOSURE. BURDEN. LYMPH,,. 

NUMBER rnonths(a) p C i  LUNGS N O D E S ~ '  LIVER SKELETON CAUSE OF DEATH 

(AFTER INHALATION CALCINED AT 350 '~)  

492 F 23 3 4 4 23 64 BONE FRACTURE 

4 M  M 36 81 32 10 23 32 RESPIRATORY INSUFFICIENCY 

467 M 38 7 15 11 13 57 RESPIRATORY INSUFFICIENCY 

469 M 54 2 6 34 5 17 4 1  OSTEOSARCOMA 

445 M 58 2 5 6 10 23 55 OSTEOSARCOMA 

438 M 60 2 3  7 11 33 43 OSTEOSARCOMA 

453 M 62 2 2 17 9 n 47 OSTEOSARCOMA 

2 6 23 10 28 34 OSTEOSARCOMA & 
LUNG CARCINOMA 

(14 27 5 33 33 OSTEOSARCOMA 
a 2 ( ~ ,  d) 

(AFTER INHALATION OF238~u02CRUSHED MICROSPHERES) 

3.1 72 7 7 12 ENCEPHALITIS 

1.1 39 21 12 24 DOC FIGHT WOUND 

(12 16 3 31  46 INTESTINAL OBSTRUCTION 

a 5 13 23 23 37 MYELOGENOUS LEUKEMIA 
& OSTEOSARCOMA 

2 5 7 26 27 32 OSTEOSARCOMA & 
LUNG ADENOMA 

a 8 8 19 15 47 OSTEOSARCOMA 

a 4  3 9 32 48 FIBROSARCOMA 

1 4  9 15 29 4 1  OSTEOSARCOMA & 
LUNG ADENOMA 

a6" OSTEOSARCOMA 

a 4  5 15 31  42 OSTEOSARCOMA 
a6k,d)  

a2k 0) 

(a) TO DEATH OR TO OCTOBER 1975 

(b) TRACHEOBRONCHIAL. MEDIASTINALAND STERNAL LYMPH NODES 

Ic) ESTIMATED BODY BURDEN 

'd) ST1 LL ALIVE 

(e) EUTHANIZED DUE TO RADIOGRAPHIC EVIDENCE OF BONE TUMORS AND LUNG TUMORS 
13 MONTHS AFTER SURGICAL REMOVAL OF AN OSTEOSARCOMA AT 86 M O N M S  AFTER 
MPOSURE 



The f i n a l  p lu ton ium body burden  
and i t s  d i s t r i b u t i o n  among t i s s u e s  
f o r  t h e  dogs e u t h a n i z e d  d u r i n g  t h e  
4- t o  7 -yea r  pos t exposu re  p e r i o d  i s  
shown i n  Table  3.6.  For  a l l  a n i m a l s ,  
t h e  h i g h e s t  p lu ton ium c o n c e n t r a t i o n  
o c c u r r e d  i n  t h e  t h o r a c i c  lymph nodes ,  
f o l l owed  i n  descending  o r d e r  by 
lungs  o r  l i v e r ,  and s k e l e t o n .  The 
l a r g e s t  f r a c t i o n  o f  p lu ton ium i n  t h e  
body was i n  t h e  s k e l e t o n ,  3 2 - 5 5 % ;  
fo l lowed by t h e  l i v e r .  1 5 - 3 3 % .  t h o -  
r a c i c  lymph n o d e s ,  3- 26% ; a n d S l u n g ,  
3- 24%.  

I n  a d d i t i o n  t o  t h e  b i o l o g i c a l  e f -  
f e c t s  c a u s i n g  d e a t h ,  t h e  dogs had 
f i b r o t i c  t h o r a c i c  lymph n o d e s ,  f o c a l  
pulmonary f i b r o s i s  and h e p a t i c  nodu- 
l a r  h y p e r p l a s i a .  The p lu tonium-  
exposed dogs had a  c h r o n i c  a b s o l u t e  

lymphocytopenia and a  h i g h e r  f r e -  
quency o f  e l e v a t e d  serum g l u t a m i c  
p y r u v i c  t r ansaminase  (SGPT) v a l u e s  
(See Annual Repor t s  f o r  1973 and 
1974) .  Some dogs had c o n s i s t e n t l y  
e l e v a t e d  SGPT f o r  s e v e r a l  months 
p r i o r  t o  d e a t h .  I n c r e a s e s  i n  secum 
a l k a l i n e  phospha t a se  a c t i v i t y  were 
mode ra t e ,  i n f r e q u e n t ,  and u s u a l l y  
p a r a l l e l e d  t h e  e l e v a t e d  SGPT. Of 
t h e  dogs w i t h  bone t umors ,  a l l  b u t  
one had o c c a s i o n a l  a b e r r a n t  a l k a l i n e  
phospha t a se  l e v e l s .  F igu re  3 . 3  
shows t h e  serum a l k a l i n e  phospha t a se  
p r o f i l e  of dog 480 F. Serum a l k a -  
l i n e  phospha t a se  a c t i v i t y  was w i t h i n  
c o n t r o l  l e v e l s  u n t i l  85 months a f t e r  
exposu re .  Fo l lowing  ampu ta t i on  of 
t h e  o s t e o s a r c o m a - b e a r i n g  limb (86 
months a f t e r  exposu re )  enzyme l e v e l s  
r e t u r n e d  t o  c o n t r o l  l e v e l s  w i t h i n  6  

TABLE 3 .6 .  Plutonium g o n c e n t r a t i o n  i n  T i s s u e s  o f  Beagles  
A f t e r  I n h a l a t i o n  o f  2 3  Pu02. 

DOG 
NUMBER 

TIME ARER FINAL BODY PLUTONIUM CONCENTRATION, n ~ i / q ( ~ '  
MPOSURE, BURDEN, L MPHt)  

months pCi  L U N G S ~  A D E S  LIVER SKELETON ---  
(AFTER INHALATION O F ~ C A L C I N E D  AT 3 5 0 ~ ~ )  

23 3 2 200 3.2 2 3  

36 8.1 7.7 560 5.8 1 9  

38 7 14 6900 4 L 2 

54 2 6 14 no L 6 a 8  

58 2 5  2 1 510 1.8 1 

60 2 3  L 1 890 3.4 Q 6 

62 22  4.2 230 1.9 1 

70 2 6 7 180 L 9 (16 

87 a 4  1.4 61 a 4  a 1  

(AFTER INHALATION OF B 8 ~ ~ ~ 2  CRUSHED MICROSPHERES) 

22 3.1 25 460 a 7 a 3  

34 1.1 5.6 laX, a 4  a 3  

52 Q 2 a 4  14 a 3  1 

60 a 5  a 9  260 a 2 a 2  

62 2 5  3.2 23W 4 a 8  

70 a 8  a 8  900 a 6  Q 2 

75 a 4  a 2  92 a 6 a 2  

76 1.4 22  1600 1 8  Q 6 

88 a 4  a 2  763 a 4  a 1  

(a' n ~ i l g  WET TISSUE 

') ESTIMATED NORMAL WEIGHT OF THE LUNG WAS USED TO CALCULATE CONCENTRATION 
DUE TO LESIONS IN  THE LUNG 

" )  HIGHEST CONCENTRATION I N  TRACHEOBRONCHIAL, MEDIASTINALOR STERNAL 
LYMPH NODES 



SERUM ALKALINE 

PHOSPHATASE OSTEOSARCOMA 
AMPUTATION i 

MEAN + 95% 
40 CONFl DENCE 

l NTERVAL 

t e  
I 

OSTEOSARCOMA 
AMPUTATION 

80 90 100 

TIME, MONTHS AFTER EXPOSURE 

FIGURE 3 . 3 .  Serum A l k a l i n e  P h o s p h a t a s e  
P r o f i l e  o f  B e a g l e  Dog Exposed t o  I n -  
h a l e d  2 3 8 P ~ 0 2 .  

months ,  b u t  t h e n  i n c r e a s e d  a t  97 a n d  
99 months a f t e r  e x p o s u r e .  The dog 
was e u t h a n i z e d  due t o  r a d i o g r a p h i c  
e v i d e n c e  of bone a n d  l u n g  t u m o r s  99 
months  a f t e r  e x p o s u r e .  Enzyme i n -  
h i b i t i o n  s t u d i e s  w i t h  u r e a ,  t o  which  
t h e  bone isoenzyme i s  more s e n s i t i v e  
t h a n  l i v e r  o r  i n t e s t i n a l  i s o e n z y m e s ,  
i n d i c a t e d  a  r e l a t i v e  i n c r e a s e  i n  
bone isoenzyme p r i o r  t o  an i n c r e a s e  
i n  t o t a l  se rum a l k a l i n e  p h o s p h a t a s e .  
For  a  p e r i o d  o f  a t  l e a s t  2 months 
f o l l o w i n g  s u r g e r y ,  t h e  bone i s o e n -  
zyme was n o t  a  m a j o r  f r a c t i o n  of t h e  
t o t a l  a c t i v i t y .  

Bone tumor  l o c a t i o n s  a r e  shown i n  
T a b l e  3. 7. Seven o f  t h e  e l e v e n  dogs  
h a d  two o r  more bone tumor  s i t e s  i n  
t h e  s k e l e t o n .  T h r e e  d o g s  had m e t a s -  
t a s e s  o f  t h e  bone tumor  t o  o t h e r  
o r g a n s .  Two dogs  w i t h  m u l t i p l e  bone 
tumor  s i t e s  i n  t h e  s k e l e t o n  h a d  me- 
t a s t a s e s  t o  t h e  l u n g s .  One dog w i t h  
a  s i n g l e  bone tumor s i t e  i n  t h e  
s k e l e t o n  had  m e t a s t a s e s  t o  t h e  l u n g s ,  

TABLE 3 . 7 .  L o c a t i o n  o f  Bone mors  
i n  Dogs a f t e r  I n h a l a t i o n  o f  2T'Pu02!a) 

DOG 
NUMBER - 

469 M 

445 M 

438 M 

453 M 

405 M 

433 M 

481 F 

489 F 

HUMERUS FEMUR -- 

X 

X 

X 

X 

SCAPULA PELVIS R I B  VERTEBRAE -- 
X XX XXX 7 

X X 3 

1 

X Z 

X 1 

I 

1 

X 2 

4 8 2 F  X X 2 

483F X X X 3 

487F 2 X X - - - - -  3 - 
TOTAL 7 3 1 3 4 8 26 

s p l e e n ,  l i v e r ,  and k i d n e y .  Humerus 
and v e r t e b r a e  w e r e  t h e  most  f r e q u e n t  
bone tumor  s i t e s .  A l l  of t h e  bone 
t u m o r s  i n  t h e  humerus  were  i n  t h e  
p r o x i m a l  1 / 3  o f  t h e  b o n e .  Bone t u -  
mors were  l o c a t e d  i n  t h e  t h o r a c i c ,  
l u m b a r ,  and  s a c r a l  v e r t e b r a e .  

The g r o s s  d i s t r i b u t i o n  o f  p l u -  
ton ium i n  t h e  s k e l e t o n  was e v a l u a t e d  
by p l u t o n i u m  a n a l y s e s  o f  i n d i v i d u a l  
bones  o r  g r o u p s  of b o n e s .  I f  a  t u -  
mor o c c u r r e d  i n  a n  i n d i v i d u a l  b o n e ,  
t h e  c o n t r a l a t e r a l  o r  a d j a c e n t  bone 
was a n a l y z e d .  T a b l e  3 . 8  compares  
t h e  p l u t o n i u m  c o n c e n t r a t i o n  i n  t h e  
i n d i v i d u a l  b o n e s  o f  dogs  w i t h  bone 
t u m o r s .  A l t h o u g h  p l u t o n i u m  c o n c e n -  
t r a t i o n  i n  t h e  i n d i v i d u a l  b o n e s  
v a r i e d ,  t h e r e  d i d  n o t  a p p e a r  t o  be  
a  c o n s i s t e n t  t r e n d  w i t h i n  t h e  i n d i -  
v i d u a l  a n i m a l s  t o w a r d  t u m o r s  i n  
b o n e s  w i t h  h i g h e r  p l u t o n i u m  
c o n c e n t r a t  i o n .  

O s t e o s a r c o m a s ,  r e l a t e d  t o  s k e l e -  
t a l  d e p o s i t i o n  o f  p l u t o n i u m ,  were  
t h e  p r i m a r y  c a u s e  o f  d e a t h  i n  b e a -  
g l e s  4 t o  8  y e a r s  a f t e r  i n h a l a t i o n  
o f  3 8 ~ u 0 2 .  However,  c o n c o m i t a n t  
l e s i o n s  were  o b s e r v e d  i n  t h e  l u n g ,  
l i v e r ,  and  lymph n o d e s .  S i n c e  t h e r e  
a p p e a r s  t o  b e  c o n s i d e r a b l e  a n i m a l -  
t o - a n i m a l  v a r  i a b i l i t y  i n  t h e  f  r a c -  
t i o n  o f  p l u t o n i u m  r e t a i n e d  i n  t h e s e  
t i s s u e s ,  t h e  e f f e c t s  i n  a l l  o f  t h e s e  
o r g a n s  must  be  c o n s i d e r e d  a s  p o s -  
s i b l y  c o n t r i b u t i n g  t o  t o t a l  l a t e  
e f f e c t s  o f  i n h a l e d  2 3 8 ~ ~ 0 2 .  



2 3 8 TABLE 3.8. Concentration of Pu in the Skeleton 
After Inhalation of 2 3 e P ~ 0 2  (nCi/g Wet Weight). 

(AFTER INHALATION OF m ~ u 0 2  CALCINED AT 350 '~)  

DOGNUMBER 469 445 M 4 3 8 M  48 
PELV l S ~ 4 ~ ~ )  L 3  L 3  L 3  L 3  

R I B  1.1(~) ~ 5 ~ ~ '  L1 ~ 4 ' ~ '  (16 

SCAPULA 1.1 L 8 118 L 2 a 5 

VERTEBRA 
a8(a) L41a) (1 6 a 9 a6(a)  

FEMUR L1 1.3'~) a d a )  (18 a 6  

HUMERUS 1.5'~) a 7  L 1 a 7  

CRANI UM a 5  a 7  a 5  a 6 a 3  

MANDIBLE (13 a 6 (14 (16 (13 

MAX l LLA (13 a 6 a 3  a 6 a 3  

EXTREMITIES'~) a 4  as a 3  a 5  a 2  

TOTAL SKELETON 0 8 1 a 6 1 a 6 

(AFTER INHALATION OF 2 3 8 ~ ~ 0 2  CRUSHED MICROSPHERES) 

DOG NUMBER 481 a 
PELV I s a 4  --- a31a) a 7  a ~ ' ~ )  

R I B  a 2  1.3 a 3  4.7 a 2 

SCAPULA a 3  a 9 a 2 ~ 8 ' ~ '  a1 

VERTEBRA a 3  a d a )  a 2  a8(a) al(a) 

FEMUR ai(al  a 9  a 3  a 3  a1 

HUMERUS a 3  1.6(a) a31al l.l(al al(al 

CRANIUM a 2 a 8  a 2 a 3  a1 

MANDIBLE (1 2 a 6 a 2 (12 .-. 

MAX I LLA a1 a 4  a 2  a 3  --- 
EXTREMITIES a1 a 4  a1 a 2 a i 
TOTAL SKELETON a 2  as a 2 a 6  a1 

la)  BONE TUMOR 

(b) DISTAL TO THE HUMERUS AND FEMUR 



DISTRIBUTION OF 2 4 1 A m  AND 2 4 4 C m  IN DOGS 

AFTER INHALATION OF THE OXIDES 

I n v e s t i g a t o r s :  

D .  K .  C r a i g ,  W .  C .  Cannon, D.  L .  C a t t ,  

J .  P. H e r r i n g ,  J .  F. P a r k ,  G .  J .  Powers,  

and C .  R .  Watson 

Techn ica l  A s s i s t a n c e :  

J .  S.  B a r n e t t ,  E .  F. B l a n t o n ,  S.  J .  Lepka, 

L .  R .  P e t e r s ,  P. J .  Raney, and E .  J .  Ross ignol  

Dogs were exposed t o  241Am02 o r  244Cm0X a e r o s o l s  and s a c r i -  

f i c e d  a t  v a r i o u s  t imes  pos t exposu re .  Both i s o t o p e s  were more 

r e a d i l y  t r a n s l o c a t e d  from t h e  lungs  t o  l i v e r ,  s k e l e t o n  and 

muscle t h a n  p lu tonium.  I n i t i a l l y ,  2 4 4 C m  t r a n s l o c a t e d  more 

r a p i d l y  t han  2 4 1 ~ m ;  b u t  by 270 days p o s t e x p o s u r e ,  t h e  t i s s u e  

d i s t r i b u t i o n  of bo th  i s o t o p e s  was s i m i l a r .  

Beagle dogs were exposed t o  t h r e e  
a e r o s o l  c o n c e n t r a t i o n s  of 241Am02 o r  
2 4 4 C m ~ X .  F ive  dogs were exposed a t  
each  dose l e v e l  and schedu led  f o r  
s a c r i f i c e  a t  1 0 ,  30,  90 ,  270 and 810 
days pos t exposu re .  Both m a t e r i a l s  
were p repa red  by c a l c i n i n g  t h e  oxa- 
l a t e  a t  700 t o  750°C f o r  2 t o  4 

hou r s .  The a e r o s o l  c o n c e n t r a t i o n ,  
p a r t i c l e  s i z e  d i s t r i b u t i o n  d a t a ,  and 
e x t e r n a l  t h o r a x  coun t ing  d a t a  ob- 
t a i n e d  7 days p o s t e x  o s u r e  a r e  g iven  e i n  Table  3 .9 .  For l ~ m 0 ~ ,  t h e  AMAD 
was s m a l l e r  f o r  t h e  low dose l e v e l  
dogs. The AMAD of t h e  244Cm0x ae ro -  
s o l  was c o n s i s t e n t l y  s m a l l e r  t h a n  

TABLE 3.9.  Aerosol  C o n c e n t r a t i o n ,  P a r t i c l e  S i z e  D i s t r i b u t i o n  
Data and I n i t i a l  A lveo la r  D i s t r i b u t i o n  i n  Beagle Dogs 7 Days 
pos t exposu re  t o  2 4 1 ~ m  and 2 4 4 ~ m  Ae roso l s .  

I N I T I A L  
AEROSOL DATA ALVEOLAR 

CONC., AMAD, DEPOSITION, 
l SOTOPE DOSE LEVEL nC11i prn GSD nCi (a) 

2 4 1 ~ m  LOW 0.66 0.72 2.41 1.2 

2 4 1 ~ m  M E D I U M  42.1 1.35 1.71 124.0 

2 4 4 ~  m LOW 1.27 a 4 5  2.01 13.0 

2 4 4 ~ m  M E D I U M  13.2 0.52 2.14 71.0 

A M A D  = A C T I V I T Y  M E D I A N  AERODYNAMIC DIAMETER (p m )  

GSD = GEOMETRIC STANDARD DEVIATION OF D l  STRI BUTION 

(a )  ESTIMATED FROM EXTERNAL THORAX COUNTS AT 7 DAYS POSTEXPOSURE 

b) MEAN OF 4 VALUES 



t h a t  o f  t h e  241Am02 a e r o s o l .  U l t r a -  
f i l t e r a b i l i t y  t e s t s  ( s u s p e n d e d  f r a c -  
t i o n  o f  a c t i v i t y  < 241) were  con-  
d u c t e d  w i t h i n  24 h o u r s  o f  p l a c i n g  
t h e  c a l c i n e d  m a t e r i a l  i n  w a t e r  s u s -  
p e n s i o n .  The 2 4 1 ~ m 0 2  y i e l d e d  u l t r a -  
f i l t e r a b i l i t y  v a l u e s  o f  < 0 . 1 % .  The 
244Cm0x g a v e  v a l u e s  o f  1 t o  3 % .  

Twelve a m e r i c i u m -  a n d  t w e l v e  
c u r i u m - e x p o s e d  dogs  h a v e  b e e n  s a c r  i -  
f i c e d  t o  d a t e .  The a m e r i c i u m - 2 4 1  
t i s s u e  d i s t r i b u t i o n  d a t a  f o r  t h e  
medium and h i g h  d o s e  l e v e l  dogs  a r e  
g i v e n  i n  T a b l e  3 . 1 0 .  The c u r i u m - 2 4 4  
d a t a  a r e  i n  T a b l e  3 . 1 1 .  Radiochem- 
i c a l  a n a l y s e s  f o r  t h e  low d o s e  l e v e l  
dogs  a r e  s t i l l  i n  p r o g r e s s .  T h e r e  
were  f r e q u e n t l y  l a r g e  d i f f e r e n c e s  be  
tween t h e  t i s s u e  d i s t r i b u t i o n  o f  t h e  

h i g h  dose  l e v e l  dogs  and  t h e  medium 
d o s e  l e v e l  dogs  s a c r i f i c e d  a t  t h e  
same t i m e  p o s t e x p o s u r e .  T h e r e  was no  
c l e a r  d o s e -  r e l a t e d  t r e n d  e x c e p t  t h a t  
t h e  f r a c t i o n  o f  t h e  f i n a l  body b u r d e n  
i n  t h e  musc le  and o t h e r  t i s s u e s  was 
h i g h e r  i n  t h e  medium d o s e  l e v e l  d o g s .  
The f r a c t i o n  of t h e  f i n a l  body b u r d e n  
r e t a i n e d  i n  t h e  l u n g s  was u s u a l l y  
l e s s  f o r  t h e  medium d o s e  l e v e l  d o g s ,  
e s p e c i a l l y  a t  l a t e r  t i m e s  p o s t e x p o -  
s u r e .  

Means of t h e  t i s s u e  d i s t r i b u t i o n  b 

d a t a  f o r  t h e  h i g h  a n d  medium d o s e  
l e v e l  dogs  a r e  shown i n  F i g u r e  3 . 4 .  
T r a n s l o c a t i o n  o f  b o t h  2 4 1 A m  a n d  2 4 4 C m  
f o l l o w i n g  i n h a l a t i o n  o f  t h e  o x i d e s  
was r a p i d ,  t h e  2 4 4 ~ m  moving o u t  o f  
t h e  l u n g  t w i c e  a s  f a s t  a s  t h e  2 4 1 A m ,  

TABLE 3 . 1 0 .  T i s s u e  D i s t r i b u t i o n  Da ta  i n  Dogs A f t e r  
I n h a l a t i o n  o f  241Am02 ( %  o f  f i n a l  body b u r d e n ) .  

10 DAY PE 2LUAx-E X!aL€!L 270 DAY PE 
M H M H M H M H 

DOG NO. 473 F 651 F 529 F 614 F 532 F 563 F 579 F 638 F 

LUNG 78.5 81.3 55.4 53.0 29.4 44.4 13.8 16.7 

LIVER 4.1 8.9 18.9 22.7 38.8 21.4 32.4 48.8 

SKELETON 5.1 4.0 l a 9  16.6 18.2 73.6 45.1 31.2 

MUSCLE 8.0 3.2 11.3 5.0 9.9 8.0 4.4 1.7 

OTHER 4.3 2.6 3.5 2.7 3.7 2.6 4.3 1.7 

F I N A L  BODY 131.1 1073.0 112.8 1297.0 119.6 1198.0 153.7 59aO 
BURDEN ( n C i l  

M - MED l U M  DOSE LEVEL 
H - H l G H  DOSE LEVEL 
PE - POST EXPOSURE 

TABLE 3 . 1 1 .  T i s s u e  D i s t r i b u t i o n  Da ta  i n  Dogs A f t e r  
I n h a l a t i o n  o f  2 4 4 ~ m 0 2  ( %  o f  f i n a l  body b u r d e n ) .  

10 DAY PE 30 D A Y  PE 90 DAY PE 270 DAY P L  
M H M H M H M H 

DOGNO. 633F 655F 686 F 613 F 548 F 598 F 658 F 635 F 

LUNG 32.9 32.9 19.9 73.2 18.0 17.5 8.1 15.2 

LIVER 29.1 29.0 37.1 25.1 35.5 48.4 33.6 42.1 

SKELETON 18.4 23.2 19.8 36.8 29.7 24.6 26.6 31.5 

MUSCLE 12.5 9.4 13.0 8.5 l a 0  4.3 26.7 6.1 

OTHER 7.1 5.5 l a 2  6.4 6.8 5.2 5.0 5.1 

F I N A L  BODY 185.0 502.0 69.5 405.0 1 x 0  33Kl.O 77.5 955.0 
BURDEN ( n C i  l 

M - ME01 U M  DOSE LEVEL 
H - H l G H  DOSE LEVEL 
PE - POSTEXPOSURE 
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FIGURE 3 . 4 .  D i s t r i b u t i o n  of  2 4 1 A m  and 2 4 4 C m  i n  
T i s s u e s  A f t e r  I n h a l a t i o n  o f  t h e  O x i d e s .  

i n i t i a l l y .  Twenty p e r c e n t  o f  t h e  
241Am and 6 2 %  of t h e  2 4 4 C m  was f o u n d  
i n  t i s s u e s  o t h e r  t h a n  t h e  lung  10 
days  a f t e r  e x p o s u r e  ; t h e r e f  o r e ,  7-day 
pos  t e x p o s u r e  e x t e r n a l  t h o r a x  c o u n t s  
c a n n o t  be  assumed t o  g i v e  good e s t i -  
ma tes  of i n i t i a l  a l v e o l a r  d e p o s i t i o n .  
T h e r e  was l i t t l e  change i n  t h e  2 4 4 C m  
t i s s u e  d i s t r i b u t i o n  a f t e r  30 d a y s  
p o s t e x p o s u r e .  However,  a m e r i c i u m - 2 4 1  
c o n t i n u e d  t o  a c c u m u l a t e  i n  t h e  l i v e r  
and s k e l e t o n  and t h e  f r a c t i o n s  of 
2 4 4 C m  and  2 4 1 ~ m  i n  t h e  l u n g ,  s k e l e t o n  
and l i v e r  were  s i m i l a r  a t  270 days  
pos  t e x p o s u r e .  

A f t e r  t h e  f i r s t  week,  and u n t i l  
30 days  p o s t e x  o s u r e ,  a b o u t  80% o f  r: t h e  e x c r e t e d  ' ~ m  was found  i n  t h e  
f e c e s  corn a r e d  w i t h  a b o u t  t w o - t h i r d s  r: of  t h e  2 4  C m .  However,  by  90 d a y s  
p o s t e x p o s u r e ,  r o u g h l y  e q u a l  q u a n t i -  
t i e s  o f  b o t h  i s o t o p e s  were  e x c r e t e d  
i n  f e c e s  and u r i n e .  

I t  i s  n o t  c l e a r  w h e t h e r  d i f f e r -  
e n c e s  i n  t h e  t r a n s l o c a t i o n  r a t e  o f  
2 4 1 A m  and 2 4 4 ~ m  a r e  due  t o  c h e m i c a l  
d i f f e r e n c e s ,  s p e c i f i c  a c t i v i t y  d i f f e r -  
e n c e s ,  o r  p a r t i c l e  s i z e  d i f f e r e n c e s  . 
However,  t h e  o x i d e s  o f  americ ium and 

cur ium c l e a r l y  do n o t  behave l i k e  t h e  
o x i d e s  o f  p l u t o n i u m .  F i g u r e  3 . 5  com- 
p a r e s  t h e  i s o t o p e  t i s s u e  d i s t r i b u -  
t i o n  i n  dogs from one week t o  a b o u t  a  
y e a r  a f t e r  i n h a l a t i o n  of t h e  o x i d e s  
o f  f o u r  t r a n s u r a n i c  i s o t o p e s  ( 2 3 9 ~ u ,  
2 3 8 P ~ ,  2 4 1 A m  and 244Cm).  The o x i d e s  
were  p r e p a r e d  by  s i m i l a r  methods o f  
c a l c i n i n g  t h e  o x a l a t e  a t  700 t o  750°C. 
For  a l l  f o u r  o x i d e s  t h e  d e n s i t y  r a n g e  
f rom 9 . 8  t o  1 1 . 4  g/cm3 and i n i t i a l  
u l t r a f i l t e r a b i l i t y  v a r i e d  f rom 0 . 0 0 2 %  
f o r  2 3 9 P ~ 0 2  t o  2 .24% f o r  2 3 8 ~ ~ 0 2 .  
The r a t e  o f  t r a n s l o c a t i o n  o f  m a t e r i a l  
f rom l u n g  t o  o t h e r  t i s s u e s  i n c r e a s e d  
from 2 3 9 ~ ~  t o  2 3 8 ~ ~  t o  241Am t o  2 4 4 C m ,  
p o s s i b l y  r e f l e c t i n g  t h e  d e c r e a s e  i n  
mean p a r t i c l e  s i z e  f r o m  a n  MMD o f  
0 . 7  u m  f o r  2 3 9 ~ ~ 0 2  t o  0 . 6  u m  f o r  
2 3 8 ~ ~ ~ 2  t o  0 . 4  u m  f o r  2 4 1 ~ m 0 2  t o  
0 . 1  u m  f o r  2 4 4 ~ m 0  . Accumula t ion  o f  
t h e  i s o t o p e s  i n  t % e  l i v e r  a n d  s k e l e -  
t o n ,  a s  a  p e r c e n t a g e  o f  f i n a l  body 
b u r d e n ,  was 1% f o r  2 3 9 P ~ ,  and 7  t o  23% 
f o r  2 3 8 ~ ~  a t  a b o u t  a  y e a r  p o s t e x p o -  
s u r e ;  w h i l e  a t  270 d a  s p o s t e x p o s u r e ,  r v a l u e s  were  40% f o r  l A m  and 30 t o  
40 f o r  2 4 4 ~ m .  Less  t h a n  1% o f  t h e  
2 4 4 ~ m  and 2 4 1 A m ,  compared t o  5 t o  1 0 %  
o f  t h e  p l u t o n i u m ,  was i n  t h e  t h o r a c i c  
lymph n o d e s .  



LUNG 
THORACIC LYMPH NODES 
LIVER 
SKELETON 
MUSCLE 

DAYS AFTER EXPOSURE 

FIGURE 3.5. Distribution of 2 3 9 ~ ~ ,  
2 5 8 ~ u ,  '+'Am and 2 4 4 ~ m  in Tissues After 
Inhalation of the Oxides. 



T . O W  T.EVET. PT.1JTONTUM NTTRATE INHALATION STUDIES IN BEAGLES 

P e r s o n  i n  C h a r g e :  G .  E .  D a g l e  

The o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  t h e  d o s e - e f f e c t  r e l a t i o n s h i p s  

o f  i n h a l e d  p l u t o n i u m  n i t r a t e  i n  l c f e - s p a n  s t u d i e s  i n  b e a g l e  d o g s .  The c r i t -  

i c a l  t i s s u e  a f t e r  i n h a l a t i o n  o f  " s o l u b l e "  p l u t o n i u m  ( s u c h  a s  p l u t o n i u m  

n i t r a t e )  h a s  b e e n  g e n e r a l l y  c o n s i d e r e d  t o  b e  t h e  s k e l e t o n  o r  l i v e r ,  o n  t h e  

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

s k e l e t o n  a n d  l i v e r .  I n  s e v e r a l  r o d e n t  s t u d i e s ,  h o w e v e r ,  i n h a l a t i o n  o f  

" s o l u b l e "  p l u t o ~ i u m  h a s  r e s u l t e d  i n  l u n g  t u m o r s  a s  w e l l  a s  s k e l e t a l  t u m o r s .  

The e x p e r i m e n t a l  d e s i g n ,  p a t t e r n e d  a f t e r  t h e  Pu02 s t u d i e s  i n  p r o g r e s s  i n  

t h i s  l a b o r a t o r y ,  i s  shown b e l o w :  

I n i t i a l  A l v e o l a r  
D e p o s i t i o n ,  p C i  

3 
1 . 2 5  
0 . 2 5  
0 . 0 5  
0 . 0 1  
0 . 0 0 2  

V e h i c l e  C o n t r o l  
Unexposed C o n t r o l  

Number of  An imal s  
2 3 9 P ~ ( N 0 3 ) 4  2 3 8 ~ ~ ( ~ 0 2 ) 4  

B e a g l e s  w i l l  be  e x p o s e d  t o  a e r o s o l s  o f  2 3 9 ~ ~ ( ~ 0 3 ) 4  d u r i n g  FY 1976  a n d  1 9 7 7 ,  

a n d  t o  2 3 8 ~ ~ ( ~ 0 3 ) 4  d u r i n g  FY 1978  a n d  1 9 7 9 .  A d d i t i o n a l  d o g s  w i l l  b e  e x p o s e d  

f o r  p e r i o d i c  s a c r i f i c e  t o  p r o v i d e  i n f o r m a t i o n  on d e p o s i t i o n  a n d  t r a n s l o c a t i o n  

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

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1 9 7 6 .  P r e l i m i n a r y  work ,  s u c h  a s  t h e  

b r e e d i n g  of  a n i m a l s  f o r  u s e  i n  t h e  e x p e r i m e n t ,  was p e r f o r m e d  u n d e r  a n o t h e r  

p r o j e c t  a n d  a n i m a l s  h a v e  a l r e a d y  b e e n  e x p o s e d  f o r  o b t a i n i n g  k i n e t i c  d a t a  o n  

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

t e c h n i q u e s .  



TOXICOLOGY OF INHALED PLUTONIUM AND TRANSPLUTONIUM 

ELEMENTS IN RODENTS 

P e r s o n  i n  C h a r g e :  C .  L .  S a n d e r s  

The b r o a d  o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  o b t a i n  f r o m  e x p e r i m e n t a l  a n i m a l s  

t h a t  h a v e  i n h a l e d  compounds o f  p l u t o n i u m  and t r a n s p l u t o n i u m  e l e m e n t s ,  t h e  

b i o l o g i c a l  d a t a  t h a t  w i l l  a s s i s t  i n  h a z a r d  e v a l u a t i o n  a n d  i n  t h e  e s t a b l i s h -  

ment  o f  p e r m i s s i b l e  e x p o s u r e  l i m i t s  f o r  man. The p r o j e c t  i s  c o n c e r n e d  p r i -  

m a r i l y  w i t h  c a r c i n o g e n i c  e f f e c t s  i n  r a t s  a n d  h a m s t e r s ,  p a r t i c u l a r l y  i n  

r e l a t i o n  t o  a l v e o l a r  d e p o s i t i o n ,  r a d i a t i o n  d o s e ,  a n d  i t s  s p a t i a l - t e m p o r a l  

d i s t r i b u t i o n  i n  l u n g .  Emphas ized  i n  t h i s  p r o j e c t  a r e  t h e  i n d u c t i o n  a n d  

a n d  p a t h o g e n e s i s  o f  p u l m o n a r y  m e t a p l a s i a  and  n e o p l a s i a ,  a n d  n e o p l a s i a  i n  

e x t r a p u l m o n a r y  s i t e s .  S t u d i e s  o f  pu lmonary  c l e a r a n c e ,  t r a n s l o c a t i o n ,  m i c r o -  

d o s i m e t r y ,  b i o c h e m i s t r y ,  a n d  c o c a r c i n o g e n e s i s  a s  r e l a t e d  t o  t h e  t r a n s u r a n i c -  

i n d u c e d  p u l m o n a r y  n e o p l a s i a  a r e  a l s o  i n c l u d e d .  

The m a j o r  c o n c e r n  o f  t h i s  p r o j e c t  i n  t h e  r e c e n t  p a s t  h a s  b e e n  w i t h  l i f e -  

s p a n  s t u d i e s .  T h e s e  h a v e  i n c l u d e d  t h e  f o l l o w i n g  i n h a l a t i o n  t r e a t m e n t s ,  w i t h  

t h e  numbers  o f  a n i m a l s  i n v o l v e d  shown i n  p a r e n t h e s e s :  h a m s t e r s  - 2 3 8 3 ~ 0 2  ( l 8 0 ) ,  

2 3 9 P ~ 0 2  ( 1 8 0 ) ,  u n t r e a t e d  c o n t r o l s  (170)  ; W i s t a r  r a t s  - 2 3 8 ~ ~ ( ~ 0 3 ) 4  ( 5 0 0 ) ,  

2 3 9 ~ ~ ( ~ 0 3 ) 4  (500)  , 2 3 8 ~ ~ ~ 2  ( 3 5 0 ) ,  2 3 9 P ~ 0 2  ( 3 5 0 ) ,  "aged"  2 3 8 ~ ~ 0 2  ( 7 0 ) ,  

2 4 4 ~ m 0 2  ( 2 8 0 ) ,  a i r  o x i d i z e d  2 3 9 ~ u 0 2  ( 7 0 ) ,  2 5 3 ~ ~ ( ~ 0 3 ) 3  ( 1 8 0 ) ,  n i t r i c  a c i d  c o n -  

t r o l s  ( l o o ) ,  u n t r e a t e d  c o n t r o l s  ( 2 5 0 ) .  L i f e - s p a n  s t u d i e s  w i t h  24iAm02 i n  

W i s t a r  r a t s  w i l l  b e  i n i t i a t e d  i n  t h e  n e a r  f u t u r e .  

As t h e s e  l i f e - s p a n  s t u d i e s  a r e  c o n c l u d e d ,  i t  i s  a n t i c i p a t e d  t h a t  i n c r e a s e d  

e m p h a s i s  w i l l  b e  p l a c e d  on e x p e r i m e n t s  t h a t  a r e  d e s i g n e d  t o  p r o v i d e  i n s i g h t  

i n t o  t h e  mechanisms r e s p o n s i b l e  f o r  o b s e r v e d  e f f e c t s .  Such e x p e r i m e n t s  w i l l  

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

s t u d y  o f  t h e  p a t h o g e n e s i s  o f  l u n g  t u m o r s ,  b i o c h e m i c a l  s t u d y  o f  s p e c i e s  d i f -  

f e r e n c e s  i n  tumor  s u s c e p t i b i l i t y ,  a n d  i n - v i t r o  s t u d i e s  w i t h  c u l t u r e d  l u n g  

c e l l s .  I t  i s  a n t i c i p a t e d  t h a t  a s  new c h e m i c a l  a n d  p h y s i c a l  f o r m s  o f  t r a n s -  

u r a n i c  e l e m e n t s  a r e  i d e n t i f i e d  t o  be  s i g n i f i c a n t  p o t e n t i a l  h a z a r d s  o f  f u e l  

c y c l e  o p e r a t i o n s ,  t h e  t o x i c i t y  o f  t h e s e  compounds w i l l  be  s t u d i e d  i n  r o d e n t s  

u n d e r  t h i s  p r o j e c t .  
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INHALATION TOXICOLOGY OF 2 3 e ~ ~ 0 2 ,  2 3 9 ~ ~ 0 2 L  

AND 2 4 4 ~ m 0 2  IN RATS 

I n v e s t i g a t o r :  

C .  L .  Sanders  

T e c h n i c a l  A s s i s t a n c e :  

D .  M .  Meier 

Wis t a r  r a t s  were g i v e n  a  s i n g l e ,  n o s e - o n l y  exposure  t o  

f r e s h l y  p r e p a r e d ,  h i g h - f i r e d  t r a n s u r a n i c  o x i d e s  and obse rved  

f o r  t h e i r  l i f e  span .  Of 294 r a t s  exposed t o  2 3 e ~ ~ 0 2 ,  33  

deve loped  lung  tumors ;  o f  295 exposed t o  2 3 9 ~ ~ 0 2 ,  56 deve loped  

lung  tumors ;  and o f  t h e  239 exposed t o  244Cm02, 23 deve loped  

lung  tumors ,  1 2  deve loped  bone tumors and two deve loped  l i v e r  

tumors .  Bone o r  l i v e r  tumors were n o t  s een  w i t h  i n h a l e d  

2 3 8 ~ ~ 0 2  o r  2 3 9 ~ ~ 0 2 .  NO l u n g ,  bone,  o r  l i v e r  tumors were 

observed  i n  118 unexposed c o n t r o l  r a t s .  Squamous carcinoma o f  

t h e  l ung  was s e e n  mos t ly  a t  h igh  doses  of Pu02;  adenocarcinoma 

was t h e  predominant  lung  tumor t ype  a t  lower d o s e s  f o r  Pu02 

and a t  a l l  d o s e s  f o r  2 4 4 ~ m 0 2 .  Pulmonary hemangiosarcoma was 

s een  o n l y  w i t h  2 3 9 ~ ~ 0 2 .  

P r e l i m i n a r y  r e s u l t s  o f  t h e s e  ex-  
pe r imen t s  were r e p o r t e d  i n  l a s t  
y e a r ' s  Annual Repor t .  Complete r e -  
s u l t s  a r e  now a v a i l a b l e  e x c e p t  f o r  
r e t e n t i o n  and r a d i a t i o n  d o s i m e t r y  
d a t a  f o r  2 4 4 ~ m .  Comparisons o f  
t h e s e  d a t a  a r e  of  p a r t i c u l s r  i n t e r e s t  
because  t h e  s p e c i f i c  a c t i v i t y  of 
2 3 8 ~ ~  i s  about  280 t imes  t h a t  of  
2 3 9 ~ ~ ,  w h i l e  t h e  s p e c i f i c  a c t i v i t y  o f  
2 4 4 ~ m  i s  abou t  1400 t imes  t h a t  o f  
2 3 9 ~ u ;  2 3 8 ~ ~ 0 2  e x h i b i t s  a  g r e a t e r  mo- 
b i l i t x  i n  t i s s u e s  t h a n  does  2 3 9 ~ ~ 0 2 ,  
and '+Cm02 i s  c o n s i d e r a b l y  more mo- 
b i l e  t han  e i t h e r .  

Wis t a r  r a t s  were exposed t o  t r a n s -  
u r a n i c  d i o x i d e s  w i t h i n  48 hours  a f t e r  
t h e i r  c a l c i n a t i o n  a t  7S0°C. Exposure 
d a t a  and p a r t i c l e  s i z e  c h a r a c t e r i s -  
t i c s  o f  t h e  g e n e r a t e d  a e r o s o l s  a r e  
shown i n  Table  5 .1 .  P a r t i c l e  s i z e s  
dec rea sed  w i t h  i n c r e a s i n g  s p e c i f i c  
a c t i v i t y  of  t h e  t r a n s u r a n i c  d i o x i d e s .  

The ave rage  a c t i v i t y  f o r  a l p h a  
emi s s ions  p e r  p a r t i c l e  of  t r a n s u r a n i c  
d i o x i d e  was abou t  10 t imes  l e s s  f o r  
2 3 9 ~ ~ 0 2  than  f o r  2 3 e ~ ~ 0 2 .  Such c a l -  
c u l a t i o n s  were n o t  made f o r  2 k 4 ~ m 0 2  



TABLE 5 .1 .  Ex o s u r e  Data and P a r t i c l e  S i z e  C h a r a c t e r i s t i c s  
of L 3 M P  ~ 0 2 ,  2 3  ! Pu02, and 2 4 4 ~ m 0 2  Inha l ed  by Ra t s .  

IN IT IAL ALVEOLAR AVERAGE 
DEPOSITION, ,,ci (a )  OFTRANSURANlC I N  

AEROSOL CHAMBER. 
METHOD A METHOD B -- n C i l  l 

ALPHA 

PARTICLE S I Z E  C H A R A C T E R I S T I C S ~ '  DISINTEGRATlONS PER WEEK PER 
AMAD. urn GSD CMD,prn zX2 CMD PARTICLE ---- 

a22  i a a  --- a 4  a 7  3.1 <a01  50 
2 9 i a 4  6 0 i 1 1 9  3.6 1.3 2.1 (107 25 
1 5 i 4 . 1  3 2 i 2 9  5 a  b a 9  2 4  aar 34 
--- 710 i loo aao a 7  2 6  a01 28 
790 i 240 --- ~ a o  a 5  2 6  a01 54 

(a) - X *S. D.; METHOD A, AMOUNT I N  LUNG AT 24 HOURS AFTER EXPOSURE: METHOD B, AMOUNT I N  BODY 
AT 30 DAYS AMOUNT EXCRETED FROM 4 -30 DAYS AFTER EXPOSURE 

Ib' CASCADE IMPACTOR ANALYSES; I F  I I S  <15, PARTICLES ARE NORMALLY Dl  STRI BUTED WITH 
RESPECT TO THE LOGARITHM OF THEI~: AERODYNAMIC EQUIVALENT DIAMETERS. AMAD- A C T ~ V ~ T Y  
MEDIAN AERODYNAMIC DIAMETER. GSD - GEOMETRIC STANDARD DEVIATION, CMD - COUNT 
MEDIAN DIAMETER. 

because  of  p a r t i c l e - s i z e  u n c e r t a i n -  
t i e s  a s s o c i a t e d  w i t h  i t s  non- log-  
normal d i s t r i b u t i o n .  

Of t h e  1061 r a t s  employed i n  t h e s e  
s t u d i e s ,  118 were unexposed c o n t r o l s  
and 115 were s a c r i f i c e d  a t  i n t e r v a l s  
fo l l owing  exposure  t o  de t e rmine  e a r l y  
r e t e n t i o n  and t i s s u e  d i s t r i b u t i o n  of 
t h e  i n h a l e d  t r a n s u r a n i c s .  The r e -  
mainder  of  t h e  an ima l s  were observed  
f o r  t h e i r  l i f e  span :  f o r  2 3 8 ~ ~ ,  294 
a n i m a l s ;  f o r  2 3 9 ~ ~ ,  295; and f o r  
2 4 4 ~ m ,  239. 

Plutonium was c l e a r e d  from t h e  
lung  i n  a  b i p h a s i c  p a t t e r n ;  t h e  more 
r a p i d l y  c l e a r i n g  component e x h i b i t e d  
a  h a l f - t i m e  of abou t  30 d a y s ;  t h e  
s lower  component e x h i b i t e d  a  h a l f -  
t ime of about  180 days  f o r  2 3 8 P ~  and 
250 days f o r  2 3 9 ~ u .  For 2 3 8 ~ u ,  t h e  
r a t e  of  a l v e o l a r  c l e a r a n c e  was i n f l u -  
enced by t h e  q u a n t i t y  d e p o s i t e d ,  t h e  
c l e a r a n c e  be ing  more r a p i d  a t  t h e  
lower exposure  l e v e l s  (F igu re  5 . 1 ) .  

The c l e a r a n c e  of  2 3 9 ~ ~  was l i t t l e  
a f f e c t e d  by t h e  q u a n t i t y  d e p o s i t e d  
excep t  a t  t h e  h i g h e s t  d e p o s i t i o n  
l e v e l  (F igu re  5 . 2 ) .  Curium was 
c l e a r e d  much f a s t e r  t h a n  Pu,  w i t h  
abou t  90% e l i m i n a t e d  w i t h i n  30 d a y s ,  
and t h e  remainder  l o s t ,  w i t h  a  h a l f -  
t ime o f  abou t  1000 d a y s .  

Of t h e  i n i t i a l  a l v e o l a r  d e p o s i t ,  
abou t  5% of  2 3 9 ~ ~ ,  10% of 2 3 8 P ~  and 
50% o f  2 4 4 ~ m  was r e t a i n e d  w i t h i n  t h e  
body a t  2 y e a r s  a f t e r  exposu re ,  
mos t ly  i n  pulmonary lymph nodes ,  
l i v e r ,  and bone. The more i n s o l u b l e  
t h e  t r a n s u r a n i c  d i o x i d e ,  t h e  s m a l l e r  
t h e  up t ake  by bone and l i v e r ,  and t h e  
s m a l l e r  t h e  t o t a l  body burden a t  2 
y e a r s  a f t e r  exposu re .  

Au to rad iog raph ic  s t u d i e s  i n d i c a t e d  
t h a t  p lu tonium p a r t i c l e s  were concen- 
t r a t e d  i n  s u b p l e u r a l  and p e r i b r o n c h i o -  
L3r r e g i o n s  of  t h e  l ung  w i t h i n  s e v -  
e r a l  months a f t e r  exposu re ,  a t  
a l v e o l a r  d e p o s i t i o n s  g r e a t e r  t h a n  
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FIGURE 5 . 1 .  A lveo la r  C lea rance  of 
Inha l ed  ~ " ~ P u 0 , .  Each p o i n t  r e p r e -  
s e n t s  a  mean f o r  a l l  r a t s  i n  a  group 
nec rops i ed  a t  100-day i n t e r v a l s  w i t h  
d a t a  be ing  p l o t t e d  on t h e  50-day 
p o i n t s  f o r  each i n t e r v a l .  

10 nCi.  There was l i t t l e  such  concen- 
t r a t i o n  of Cm a t  any d e p o s i t i o n  l e v e l ,  
most of  t h e  a lpha  t r a c k s  be ing  s i n g l e  
o r  i n  a g g r e g a t e s  a s s o c i a t e d  wi th  mac- 
rophages  o r  h e m o s i d e r i n - l i k e  p igments .  

E s t i m a t e s  of  t h e  r a d i a t i o n  dose  t o  
t h e  lung ( ave rage  o rgan  dose )  were 
made f o r  each  an imal  based  on t h e  r a -  
d i o n u c l i d e  c o n t e n t  of  t h e  lung  a t  au-  
topsy  and t h e  ave rage  r e t e n t i o n  k i n e t -  
i c s  f o r  t h e  r a d i o n u c l i d e  i n  l ung .  
Animals were d i v i d e d  i n t o  r a d i a t i o n -  
d o s e - t o - l u n g  c o h o r t s  f o r  c o n s i d e r a -  
t i o n  of d o s e - e f f e c t  r e l a t i o n s h i p s  
(Table 5.2)  . 

Rats  accumula t ing  l e s s  t h a n  about  
1000 r a d s  t o  t h e  lung  a t  620 days 
a f t e r  exposure  showed no s i g n i f i c a n t  
l i f e - s h o r t e n i n g  (Table  5 . 2 ) .  Radia-  
t i o n  pneumoni t i s  was of g r e a t e r  s e v -  
e r i t y  a t  t h e  h i g h e r  Pu d e p o s i t i o n  l e v -  
e l s ,  be ing  g e n e r a l i z e d  a t  doses  t h a t  
r e s u l t e d  i n  s i g n i f i c a n t  l i f e  s h o r t e n -  
i n g .  Foc i  of r a d i a t i o n  f i b r o s i s  were 
p r e s e n t  a t  lower d o s e s ,  a s s o c i a t e d  
w i t h  Pu02 p a r t i c l e  c o n c e n t r a t i o n s .  
R a d i a t i o n  pneumoni t i s  fo l l owing  Cm 
exposure  was p r e s e n t  o n l y  i n  t h e  two 
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FIGURE 5 .2 .  A l v e o l a r  C lea rance  o f  In -  
h a l e d f 3 9 F u 0 2 .  Each p o i n t  r e p r e s e n t s  
a  mean f o r  a l l  r a t s  i n  a  group necrop-  
s i e d  a t  100-day i n t e r v a l s  w i th  d a t a  
be ing  p l o t t e d  on t h e  50-day p o i n t s  
f o r  each i n t e r v a l .  

h i g h e s t  dose  g roups ,  be ing  more d i f -  
f u s e  t h a n  t h a t  s e e n  w i t h  Pu. Foci  of 
a l v e o l a r  f i b r o s i s  were seldom s e e n  
w i t h  C m .  

M e t a p l a s t i c  l e s i o n s  were f r e -  
q u e n t l y  s een  a s s o c i a t e d  w i t h  f o c i  of  
f i b r o s i s  fo l l owing  Pu exposu re ;  such  
an  a s s o c i a t i o n  was n o t  s een  w i t h  C m ,  
a l t hough  t h e  i n c i d e n c e s  of  m e t a p l a s i a  
fo l l owing  Cm exposure  were s i m i l a r  t o  
t h a t  s een  fo l lowing  comparable Pu ex -  
p o s u r e s .  A l v e o l a r  adenomatous meta-  
p l a s i a  appeared  t o  develop  i n t o  adeno- 
carc inoma,  and squamous m e t a p l a s i a  
i n t o  squamous carc inoma.  

A t o t a l  of 33 lung tumors were 
found i n  r a t s  exposed t o  2 3 8 P ~ ,  5 6  
lung tumors i n  r a t s  exposed t o  2 3 9 P ~  
and 33 lung tumors i n  r a t s  exposed t o  
2 4 4 ~ m .  NO lung tumors were s een  i n  
unexposed c o n t r o l s .  The median t ime 
of  appearance  of  lung  tumors was s i m i -  
l a r  t o  t h e  median l i f e  span  of  t h e  
group i n  which t h e  tumors o c c u r r e d .  
The predominant  tumor t y p e  a t  a l l  bu t  
t h e  h i g h e s t  doses  of Pu was adenoca r -  
cinoma, w i t h  h igh  i n c i d e n c e s  of  squa-  
mous carcinoma s e e n  a t  h igh  Pu doses  
(Table  5 . 2 ,  F i g u r e  5 . 3 ) .  



TABLE 5 . 2 .  Tumor Types  Found i n  R a t s  Exposed t o  2 3 8 P ~ 0 2 ,  
Z J y P ~ 0 2 ,  a n d  2 4 4 ~ m 0 2  I n h a l e d  by R a t s .  

MEDIAN NUMBER OF LUNG INCIDENCE OF PLILMONARY TUMORS, % 
RADIAT ION DOSE SURVIVAL ,  TUMORSNUMBER ADENO- SQUAMOUS 

TO LUNG, rads(a)  days !b) OF RATS TOTAL CARCINOMA CARCINOMA  SARCOMA'^) 

(a )  AT 620 DAYS AFTER EXPOSURE: MEAN + STANDARD DEVIATION 

') AFTER EXPOSURE AT 70 DAYS OF AGE 

(') MOSTLY HEMANGIOSARCOMAS 

(d) INITIAL ALVEOLAR DEPOSITION, n c i  

(e) SIGNIFICANT AT P < a 0 5  LEVEL US ING KOLMOGOROV-SMIRNOV TWO-SAMPLE TESl 

i n h a l a t i o n  o f  e i t h e r  2 3 8 ~ ~  o r  
2 3 9 P ~  had no e f f e c t  on t h e  i n d u c t i o n  
o f  e x t r a p u l m o n a r y  t u m o r s .  However,  
f o l l o w i n g  e x p o s u r e  t o  2 4 4 C m ,  12 bone 
t u m o r s  ( c l a s s i f i e d  a s  c h o n d r o s a r c o m a  
o r  o s t e o s a r c o m a )  and  two hepa tomas  
w e r e  o b s e r v e d .  No bone  o r  l i v e r  t u -  
mors  w e r e  s e e n  i n  unexposed  r a t s .  

Four  r a t s  e x p o s e d  t o  Pu d e v e l o p e d  
l u n g  t u m o r s  a t  e s t i m a t e d  a v e r a g e  r a -  
d i a t i o n  d o s e s  t o  l u n g  o f  l e s s  t h a n  1 0  
r a d s .  T h e s e  t u m o r s  a r e  o f  c o n s i d e r -  
a b l e  i m p o r t a n c e  s i n c e  t h e  p r e s e n t  
l i m i t  f o r  o c c u p a t i o n a l  r a d i a t i o n  expo 
s u r e  t o  t h e  l u n g  f rom Pu i s  1 . 5  r a d s /  
y e a r .  Whi le  t h e  number o f  o b s e r v a -  
t i o n s  i s  t o o  s m a l l  f o r  s t a t i s t i c a l  

-- 

s i g n i f i c a n c e  and  t h e  d o s e  e s t i m a t e s  
a r e  somewhat u n c e r t a i n ,  t h e  a d e q u a c y  
o f  p r e s e n t  e x p o s u r e  lmi t s  mus t  b e  
q u e s t i o n e d  i n  l i g h t  o f  t h e s e  r e s u l t s .  

P l u t o n i u m - 2 3 9  a p p e a r e d  t o  be  a  
more e f f e c t i v e  c a r c i n o g e n  i n  t h e  l u n g  
t h a n  was e i t h e r  2 3 8 ~ ~  o r  2 4 4 ~ m ,  p a r -  
t i c u l a r l y  i n  t e r m s  o f  a d e n o c a r c i n o m a  
i n c i d e n c e  a t  i n t e r m e d i a t e  d o s e  l e v e l s  
( F i g u r e  5 . 3 ) .  T h i s  may be  d u e  : 3  t h e  
l a r g e r  number of d e p o s i t e d  2 3 9 P ~ ~ 2  
p a r t i c l e s  f o r  a  g i v e n  r a d i a t i o n  d o s e ,  
r e s u l t i n g  i n  t h e  i r r a d i a t i o n  o f  a  
l a r g e r  number o f  e p i t h e l i a l  t a r g e t  
c e l l s .  
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FIGURE 5 .3 .  R e l a t i o n s h i p  o f  Cumula- 
t i v e  R a d i a t i o n  Dose t o  t h e  Lung a t  
6 2 0  Days A f t e r  Exposure t o  I n c i d e n c e  
o f  Pr imary  Lung Tumors, Fo l lowing  I n -  
h a l a t i o n  o f  2 3 8 ~ ~ 0 2  o r  2 3 9 ~ ~ 0 2 .  

LATE EFFECTS OF INHALED Pu(N0324 - AND 

2 5 3 ~ s ( ~ 0 d 3  IN RATS 

I n v e s t i g a t o r s :  

J .  E .  B a l l o u ,  G .  E .  Dagle and K .  E .  McDonald 

Techn ica l  A s s i s t a n c e :  

R .  A .  Gies  

P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  lung  tumors w i l l  be  more 

numerous t h a n  bone tumors i n  r a t s  a d m i n i s t e r e d  i n h a l e d  

2 3 9 P ~ ( ~ 0 3 ) 4 ,  2 3 8 ~ ~ ( ~ 0 3 ) 4  o r  2 5 3 ~ ~ ( ~ 0 3 )  3 a e r o s o l s .  

Male Wis t a r  r a t s ,  6 0  days  o f  a g e ,  
were a d m i n i s t e r e d  a  s i n g l e ,  nose -on ly  
i n h a l a t i o n  exposu re  t o  2 3 9 ~ ~ ( ~ 0 3 ) 4 ,  
2 3 8 P ~ ( ~ 0 3 )  o r  2 5 3 E ~  (NO3) a e r o s o l s  
two t o  t h r e e  y e a r s  ago .  The e x p e r i -  
menta l  p r o t o c o l  and c u r r e n t  p r o g r e s s  
on t h e s e  expe r imen t s  a r e  p r e s e n t e d  
i n  Table  5 .3 .  

The r a d i a t i o n  dose  e s t i m a t e s  f o r  
Pu an ima l s  were based  on t h e  Pu con-  
t e n t  o f  l ung  and s k e l e t o n  a t  d e a t h  
and r e t e n t i o n  k i n e t i c s  de te rmined  
from s e r i a l l y  s a c r i f i c e d  an ima l s  and 
an ima l s  t h a t  d i e d  d u r i n g  t h e  l o n g -  
term phase  of  t h e  s t u d y .  The accumu- 
l a t e d  r a d i a t i o n  dose  from 2 5 3 ~ s  was 



TABLE 5 .3 .  O c c u r r e n c e  o f  M a l i g n a n t  Lung and Bone Tumors 
i n  R a t s  Exposed t o  P l u t o n i u m  o r  E i n s t e i n i u m  N i t r a t e  Aero-  
s o l s .  

ESTIMATED 500-DAY 
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la' A N I M A L S  WERE EXPOSED FOR 3 0  M INUTES TO ALROSOLS 

OSTEOSARCOMAS OF SKELETON: ADENOCARCINOMAS, HEMANGIOSARCOMAS AND 
SOUAMOUS CELL C A R C I N O M A S  OF THE LUNG 

e s t i m a t e d  by o t h e r  means b e c a u s e  i t s  
s h o r t  p h y s i c a l  h a l f - l i f e  ( 2 0 . 5  d a y s )  
p r e c l u d e d  measurement  e x c e p t  a t  e a r l y  
t i m e s  a f t e r  a d m i n i s t r a t i o n .  E x t e r n a l  
c o u n t s  (NaI c r y s t a l )  were  made 7 d a y s  
a f t e r  2 5 3 ~ s ( ~ 0 3 ) 3  i n h a l a t i o n ,  by 
which t i m e  e x t e r n a l  c o n t a m i n a t i o n  was 
s u b s t a n t i a l l y  r e d u c e d .  S e v e r a l  r a t s  
were  k i l l e d  i m m e d i a t e l y  a f t e r  e x t e r -  
n a l  c o u n t i n g  t o  d e t e r m i n e  t h e  r a t i o  
o f  t o t a l  body c o u n t  t o  2 5 3 ~ s  c o n t e n t  
o f  t h e  l u n g s .  The 7 - d a y  l u n g  v a l u e  
e s t i m a t e d  from t h i s  r a t i o  was a d -  
j u s t e d  f o r  b i o l o g i c a l  l o s s e s  and p h y s -  
i c a l  d e c a y  d u r i n g  t h e  i n i t i a l  week 
f o l l o w i n g  e x p o s u r e .  The s k e l e t a l  c o n -  
t e n t  o f  2 5 3 ~ s  was e s t i m a t e d  f rom s e r i -  
a l l y  s a c r i f i c e d  a n i m a l s  t o  be 35% o f  
t h e  i n i t i a l  l u n g  b u r d e n .  The r e t e n -  
t i o n  h a l f  t i m e  o f  2 5 3 ~ s  i n  s k e l e t o n  
was t h e  same a s  i t s  20 .5 -day  p h y s i c a l  
h a l f - l i f e .  

A p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  a n i -  
ma ls  have  been  examined by  t h e  p a t h o l -  
o g i s t ,  l e a v i n g  a b o u t  600 r a t s  s t i l l  
i n  p r o c e s s .  The a n i m a l s  t h u s  f a r  e x -  
amined were  s e l e c t e d  b e c a u s e  of i n t e r -  
e s t i n g  o r  o b v i o u s  l e s i o n s  and d o  n o t  

r e p r e s e n t  a  random s a m p l e .  The p r e -  
l i m i n a r y  r e s u l t s  shown i n  T a b l e  5 . 3  
c a n n o t ,  t h e r e f o r e ,  be  e x t r a p o l a t e d  
f o r  p r e d i c t i v e  p u r p o s e s .  I t  seems 
n o t e w o r t h y ,  however ,  t h a t  t h e  i n c i -  
d e n c e  o f  l u n g  t u m o r s  f a r  e x c e e d s  t h e  
i n c i d e n c e  o f  bone tumors  i n  a n i m a l s  
examined t h u s  f a r .  T h i s  seems r e a s o n -  
a b l e ,  s i n c e  t h e  e s t i m a t e d  r a d i a t i o n  
d o s e  t o  l u n g  i s  5  t o  10 t i m e s  h i g h e r  
t h a n  t h e  s k e l e t a l  d o s e .  S i n c e  r e l a -  
t i v e l y  " s o l u b l e "  fo rms  o f  t h e  r a d i o -  
n u c l i d e s  were  employed i n  t h e s e  s t u d -  
i e s ,  i t  m i g h t  have  been  e x p e c t e d  t h a t  
a  g r e a t e r  f r a c t i o n  o f  t h e  r a d i a t i o n  
d o s e  would have  a c c u m u l a t e d  i n  bone .  
T h i s  m i g h t ,  i n d e e d ,  b e  t h e  c a s e  f o r  
a  l o n g - l i v e d  a n i m a l  s u c h  a s  t h e  d o g ,  
o r  i n  man, where  t h e  d o s e  t o  s k e l e t o n  
c o u l d  a c c u m u l a t e  o v e r  a  l o n g  p e r l o d  
o f  t i m e ;  b u t  i t  i s  a p p a r e n t l y  n o t  
t r u e  f o r  r a t s  e x  o s e d  t o  i n h a l e d  r3 2 3 8 ~ ~ ( ~ 0 3 ) 4  o r  9 ~ ~ ( ~ 0 3 )  a e r o s o l s .  
With 2 5  , E S  ( N O , ) ,  t h e r e  i s  no p o s s i b i l -  
i t y  o f  l o n g - t e r m  a c c u m u l a t i o n  o f  
s k e l e t a l  r a d i a t i o n  d o s e  b e c a u s e  o f  
i t s  s h o r t  p h y s i c a l  h a l f - l i f e .  



INHALATION TOXICOLOGY OF AIR-OXIDIZED 2 3 9 ~ ~ 0 2  IN RATS 

I n v e s t i g a t o r  : 

C .  L .  Sanders  

Techn ica l  A s s i s t a n c e :  

D .  M .  Meier 

Wis t a r  r a t s  i n h a l e d  a i r - o x i d i z e d  2 3 9 ~ ~ 0 2  o b t a i n e d  from t h e  

s u r f a c e  of 2 3 9 ~ ~  m e t a l .  The t r a n s p o r t a b i l i t y  of  a i r - o x i d i z e d  

2 3 9 ~ ~ 0 2  from t h e  lung  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  t h a t  of  

h i g h - f i r e d  2 3 9 ~ ~ 0 2 .  Autoradiographs  i n d i c a t e d  r a p i d  c l e a r a n c e  

from t h e  lung  of  t h e  " s i n g l e  t r a c k "  f r a c t i o n  of  p lu tonium depos-  

i t e d  i n  t h e  l ung .  

The t empera tu re  a t  which Pu02 i s  
formed has  been shown t o  i n f l u e n c e  
i t s  b i o l o g i c  behav io r  f o l l o w i n g  i n -  
h a l a t i o n .  A i r - o x i d i z e d  plutonium 
from me ta l  s u r f a c e s  cou ld  be a  s i g -  
n i f i c a n t  hazard  f o r  exposure  o f  man 
i n  t h e  n u c l e a r  i n d u s t r y ,  b u t  t h i s  
form of Pu02 has  r e c e i v e d  l i t t l e  
s t u d y .  

The 2 3 9 P ~ 0 2  employed was o b t a i n e d  
by l i g h t l y  b rush ing  t h e  s u r f a c e  of  
weapons g rade  p lu tonium m e t a l ,  32 
months a f t e r  i t s  f a b r i c a t i o n .  S i g -  
n i f i c a n t  con tamina t ing  e l emen t s  i n  
t h e  Pu02 p r e p a r a t i o n  were:  
525 ppm 2 4 1 A m ,  450 ppm C and 
166 ppm Mg. The p lu tonium i s o t o p i c  
composi t ion  was 93 .37% 2 3 9 ~ ~ ,  
0 .017% 2 3 8 ~ ~ ,  6 .13% 2 4 0 ~ u ,  .45% 2 4 1 ~ ~ .  
L a r g e r - s i z e d  Pu02 p a r t i c l e s  were r e -  
moved by s e d i m e n t a t i o n  i n  a  wa te r  c o l -  
umn. The a c t i v i t y  median aerodynamic 
d i a m e t e r s  (AMAD) of  t h e  remain ing  
s m a l l e r  p a r t i c l e s  ranged  from 2 . 1  t o  
2.3 p m .  The u l t r a f i l t e r a b i l i t y  o f  
t h i s  Pu02,  a f t e r  10 days  i n  water  s u s -  
pens ion ,  was 0 .48% which i n c r e a s e d  t o  
2.32% when suspended f o r  4  days i n  
molar  DTPA. These d a t a  i n d i c a t e  a  
s u b s t a n t i a l l y  g r e a t e r  i n  v i t r o  s o l u -  
b i l i t y  f o r  t h e  a i r - o x i d i z e d  2 3 9 ~ ~ 0 2  
as  compared t o  h i g h - f i r e d  2 3 9 ~ ~ 0 2  of  
comparable AMAD. 

T h i r t y - t w o  r a t s  were exposed t o  
a i r - o x i d i z e d  2 3 9 ~ ~ 0 2 ,  w i t h  an a v e r -  
age i n i t i a l  a l v e o l a r  d e p o s i t i o n  of 
36  nCi .  These r a t s  were k i l l e d  f o r  
t i s s u e  d i s t r i b u t i o n  d a t a  a t  i n t e r -  
v a l s  up t o  93 days  a f t e r  exposure .  

F ive  r a t s  were p l aced  i n  i n d i v i d u a l  
metabolism cages  and e x c r e t a  c o l -  
l e c t e d  f o r  93 d a y s .  Two o t h e r  groups  
of 33 r a t s  each were exposed t o  a i r -  
o x i d i z e d  2 3 9 ~ ~ 0 2  w i t h  i n i t i a l  a l v e o -  
l a r  d e p o s i t i o n  of  9 .5  nCi and 540 nCi ,  
r e s p e c t i v e l y ;  t h e s e  r a t s  w i l l  be h e l d  
f o r  l i f e - s p a n  o b s e r v a t i o n  (Table  5 . 4 ) .  

A i r - o x i d i z e d  2 3 9 P ~ 0 2  moved from 
t h e  lung  more r a p i d l y  t h a n  h i g h - f i r e d  
2 3 9 ~ ~ 0 2  (F igu re  5 . 4 ) .  About 70% o f  
a i r - o x i d i z e d  2 3 9 ~ ~ 0 2  was c l e a r e d  from 
t h e  lung  by 30 days a f t e r  exposure  
and 80% by 90 days a f t e r  exposu re .  
The s k e l e t o n  and l i v e r  accumulated 
from 10 t o  50 t imes  more 2 3 S ~ u  f o l l o w -  
i n g  exposure  t o  a i r - o x i d i z e d  2 3 9 ~ ~ 0 2 .  
There was a  n e t  l o s s  of  2 3 9 ~ ~  from 
l i v e r  a f t e r  about  15 days pos texpo-  
s u r e ;  t h e  2 3 9 ~ ~  c o n t e n t  of  s k e l e t o n  
i n c r e a s e d  th roughou t  t h e  93-day o b s e r -  
v a t i o n  p e r i o d .  The body burden of  
2 3 9 P ~  dec reased  by about  70% d u r i n g  
t h e  93-day o b s e r v a t i o n  p e r i o d ,  w i t h  
abou t  s i x  t imes  more 2 3 9 ~ ~  be ing  ex -  
c r e t e d  i n  t h e  f e c e s  t h a n  i n  t h e  u r i n e .  

Autoradiographs  showed t h e  p r e s -  
ence of p a r t i c u l a t e  2 3 9 ~ ~ 0 2 ,  a s  w e l l  
a s  s i n g l e  t r a c k s ,  i n  t h e  lung  a t  one 
day a f t e r  exposure .  The s i n g l e  
t r a c k s  were l a r g e l y  c l e a r e d  from t h e  
lung  by 30 days a f t e r  exposu re ,  l e a v -  
i ng  p a r t i c u l a t e  2 3 9 ~ ~ 0 2 ,  d i s t r i b u t e d  
i n  a  manner s i m i l a r  t o  t h a t  seen  w i t h  
h i g h - f i r e d  2 3 9 P ~ ~ 2 .  NO lung  tumors 
were s e e n  d u r i n g  t h e  f i r s t  8  months 
a f t e r  exposu re .  



TABLE 5.4. Ex osure Data for Rats Inhaling 23 Air-oxidized 9 P ~ 0 2 .  

PARTICLE SIZE CHARACTERISTICS(~) 
INITIAL ALVEOLAR'" NUMBER NPE 

DEPOSITION, nci OF RATS AMAD, urn GSD CMD. urn 1 X2 OF STUDY 

36  * 27(A) 32  2.2 2.5 0.05 5.9 T ISSUEDISTRIBUTION 
FOR 93 DAYS 

9.5 * 8 0 ~ ~ )  33  2.1 1.7 0.26 7.8 LIFE SPAN 

540 * 33 2.3 1.9 0.21 32  LIFE SPAN 

(a) MEAN * STANDARD DEVIATION: ESTIMATED AS P u  I N  BODY AT 93 DAYS + P u  EXCRETED FROM 4 4 3  DAYS 
POST EXPOSURE (A); OR AS AMOUNT DETERMINED BY EXTERNAL COUNT AT ONE DAY AFTER EXPOSURE (B)  

(b) CASCADE IMPACTOR ANALYSES: I F  ZX2 < 15, PARTICLES ARE NORMALLY D l  STRI BUTED WITH RESPECT 
TO THE LOGARITHM OF THEIR AERODYNAMIC EQUIVALENT DIAMETERS: AMAD = ACT lV I  N MEDIAN 
AERODYNAMIC DIAMETER; GSD = GEOMETRIC STANDARD DEVIATION: CMD =COUNT MEDIAN DIAMETER 

a i I 1 I I 
20 40 60 80 1W 

TINY AFTER EXPOSURE TO AIR-OXIDIZED " ~ P I J O ~ ,  days 

CUMULATIVE EXCRnlON 

CUMULATIVE EXCRETION 
I N  URINE A/ A-A-A-~-Aa  

FIGURE 5.4. Kinetics of Plutonium 
Distribution and Excretion Following 
Inhalation of Air -Oxidized 9 P ~ 0 2 .  
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INHALATION TOXICOLOGY OF 2 3 8 P ~ 0 2  AND 

2 3 9 P ~ 0 2  IN SYRIAN HAMSTERS 

I n v e s t i g a t o r :  

C .  L .  Sanders  

Techn ica l  A s s i s t a n c e :  

D .  M .  Meier 

Of 2 9 2  hams te r s  exposed t o  2 3 8 P ~ 0 2  o r  2 3 9 P ~ 0 2 ,  on ly  t h r e e  

deve loped  m a l i g n a n t  lung  tumors ,  a l l  adenocarc inomas ,  a t  i n i t i a l  

a l v e o l a r  d e p o s i t i o n s  of  > 160 nCi.  Adenomatous m e t a p l a s i a  was 

s e e n  i n  bo th  unexposed and exposed h a m s t e r s ,  i t s  s e v e r i t y  and 

i n c i d e n c e  i n c r e a s i n g  w i t h  i n c r e a s i n g  p lu tonium d e p o s i t i o n .  The 

t r a n s l o c a t i o n  of  p lu ton ium from t h e  lung  was s i m i l a r  t o  t h a t  

observed  i n  t h e  r a t ,  w i t h  238Pu02 be ing  more t r a n s p o r t a b l e  t h a n  

9 P ~ 0 2 .  

P a r a l l e l  s t u d i e s  have been  com- 
p l e t e d ,  com a r i n g  t h e  i n h a l a t i o n  t o x i -  3 cology  of  8 P ~ 0 2  i n  t h e  r a t  and ham- 
s t e r .  P r e l i m i n a r y  r e s u l t s  were r e -  
p o r t e d  i n  l a s t  y e a r ' s  Annual Repor t .  
An accoun t  of  t h e  r a t  d a t a  w i l l  be  
found e l s ewhe re  i n  t h i s  Annual Repor t .  

S y r i a n  go lden  hams te r s  were ex-  
posed t o  Pu02 w i t h i n  48 hours  a f t e r  
c a l c i n a t i o n  a t  750°C. The p a r t i c l e -  
s i z e  c h a r a c t e r i s t i c s  were s i m i l a r  t o  
t h o s e  of  t h e  Pu02 employed i n  t h e  r a t  
exposu re s  w i t h  a  s m a l l e r  a r t i c l e  
s i r e  f o r  1 3 8 ~ u ~ 2  t h a n  f o r  B 3 g P ~ 0 2 .  
The ave rage  $ a r t i c l e  d i s i n t e g r a t i o n  
r a t e s  f o r  2 3  Pu02 were abou t  100 
t imes  g r e a t e r  t h a n  f o r  2 3 9 P ~ 0 2 .  Both 
male and female  hams te r s  were exposed ,  
n o s e - o n l y ,  f o r  30 minu t e s  i n  groups  
of 35 an ima l s  t o  one of  t h r e e  a e r o s o l  
c o n c e n t r a t i o n s  (Table  5 . 5 ) .  The p r o -  
cedu re s  employed a r e  more f u l l y  d e -  
s c r i b e d  i n  t h e  r e p o r t  on t h e  r a t  
s t u d i e s  

Of a  t o t a l  o f  448 h a m s t e r s ,  abou t  
e q u a l l y  d i v i d e d  between male and f e -  
male ,  156 were unexposed c o n t r o l s ,  
134 were exposed t o  2 3 8 P ~ 0 2  and 158 
were exposed t o  2 3 9 P ~ 0 2  (Table  5 .  8 ) .  

Plutonium d e p o s i t e d  i n  t h e  a l v e o l i  
was c l e a r e d  from t h e  lung  i n  a  b i -  
p h a s i c  manner. With i n c r e a s e d  d e p o s i -  
t i o n  of  Pu, a l v e o l a r  c l e a r a n c e  d e -  
c r e a s e d  due t o  a  d e c r e a s e  i n  t h e  
magnitude of t h e  r a p i d  c l e a r a n c e  com- 
ponent  ( F i g u r e s  5.5 and 5 . 6 ) .  D i s -  
t r i b u t i o n  of Pu between lung  and ex -  
t rapulmonary  t i s s u e s  a t  30 days  a f t e r  
exposure  was s i m i l a r  f o r  r a t  and ham- 
s t e r ,  f o r  male  and f e m a l e ,  and f o r  
2 3 8 ~ ~ 0 2  and 2 3 9 ~ ~ 0 2  (Tab le s  5 . 6  and 
5 . 7 ) .  S i g n i f i c a n t  s o l u b i l i z a t i o n  of 
2 3 8 P ~ 0 2  o c c u r r e d  a t  l a t e r  t imes  r e -  
s u l t i n g  i n  a b o ~ t  10 t imes  more 3 3 8 ~ ~  
t h a n  9 ~ u  be ing  e v e n t u a l l y  t r a n s -  
l o c a t e d  t o  l i v e r  and s k e l e t o n .  

P lu tonium d i o x i d e  p a r t i c l e s  were 
randomly d i s t r i b u t e d  i n  a l v e o l a r  r e -  
g i o n s  of  t h e  lung  a t  e a r l y  t imes  
a f t e r  exposu re .  E s s e n t i a l l y  a l l  t h e  
a l p h a  t r a c k s  on au to rad iog rams  were 
i n  s t a r  c o n f i g u r a t i o n s  i n d i c a t i v e  of 
t h e i r  p a r t i c u l a t e  n a t u r e .  Au to rad io -  
grams of lung  a t  s e v e r a l  months t o  
two y e a r s  a f t e r  a e r o s o l  exposu re  dem- 
o n s t r a t e d  an  o f t e n  marked c o n c e n t r a -  
t i o n  of  Pu02 i n  s u b p l e u r a l  o r  p e r i -  
b r o n c h i o l a r  r e g i o n s  of t h e  l u n g .  



TABLE 5.5. Deposition and Particle Size for 
Hamsters Inhaling Pu02. 

AVERAGE AMOUNT 
I N I T I A L  ALVEOLAR OF %u I N  AEROSOL 
DEPOSITION, n C i  (a) SEX CHAMBER, n C i l f  

3 .0 i  1.3 FEMALE 9 

31 i 24 FEMALE 160 

160 i 52 FEMALE 990 

3.0 * MALE 13 

19 i 13 MALE 110 

200 * MALE 1200 

PARTICLE SIZE CHARACTERISTICS') ALPHA 
D l  SINTEGRATIONS PER WEEK 

A M A D , p r n  GSD C M D , p r n  I X  --- PER C M D  PARTICLE 

239~uo, 

2 3 8 p u o 2  

3.7 i 2.0 FEMALE 11 1 1  1 7  a14 5.5 5.3 x id 
9.8 i 4.3 FEMALE 23 L 6 1 7  a18 1.3 

4 
1.1 x 10 

205 i M FEMALE 400 1.5 19 ai l  4.4 2 6  x 1 2  

5 * MALE 10 1 1  1 6  a15 2.9 6 4  x 1 d  

15 * MALE 110 1 4  1.7 a18 1.8 
4 

L l  x 10 

200 * MALE 400 1 6  1.9 a12 8.2 3.4 x id 

'a) MEAN i STANDARD DEVIATION;  AMOUNT OF 2 3 9 ~ u  I N  BODY AT 30 DAYS + AMOUNT I N  
EXCRETA  AT^ -30 DAYS AFTER EXPOSURE (*ESTIMATES BASED ON AEROSOL CONCENTRATION 
AND PARTICLE S I Z E )  

') CASCADE IMPACTOR ANALYSES; A M A D =  A C T I V I T Y  M E D I A N  AERODYNAMIC DIAMETER, 
G S D  = GEOMETRIC STANDARD DEVIATION, C M D  = C O U N T  M E D I A N  DIAMETER. I F  I X 2  I S  
<15, PARTICLES ARE NORMALLY D l  STRIBUTED W I T H  RESPECT TO M E  LOGARITHMOF THEIR 
AERODYNAMIC EQUIVALENT DIAMETERS 

--- F E M A E  

Z - MALE 

T I M E  AFTER EXPOSURE. days 

FIGURE 5.5. Alveolar Clearance of 
Inhaled 2 3 8 ~ ~  in Male and Female Ham- 
sters Following Inhalation of 2 3 8 ~ ~ 0 2 .  

--- F E M A U  1 - MALE 
5 
+ 

3 a l l -  
& o ~m 203 3m rm 500 ~a 

TIM AFTER EXPOSURE, days Y 

FIGURE 5.6. Alveolar Clearance of 
Inhaled 2 3 9 ~ ~  in Male and Female Ham- 
sters Following Inhalation of 2 3 9 ~ ~ 0 2 .  - 



TABLE 5 . 6 .  D i s t r i b u t i o n  o f  2 3 8 P ~  i n  
Hamster T i s s u e s  and E x c r e t a  a t  30 
days  A f t e r  I n h a l a t i o n  o f  2 3 8 P ~ 0 2 .  
Va lues  a r e  means c S.  D .  ( females  
o n l y ) .  

TISSUE -- - 

LUNG 

PULMONARY LYMPH NODES 

LIVER 

SKELETON 

STOMACH AND INTESTINES 

K l  DNEY 

SPLEEN 

R E M A I N I N G  TISSUES 

EXCRETA'a' 

URINE 

FECES 

I N I T L A L  A I V B L A R  D E P O S I T I O N . n C L  

3.7 9.8 205 - -- 

(PERCENT OF I N I T I A L  ALVEOLAR DEPOSITION1 

36 i 19 4 4 i  20 81 i 28 

1168 i 1162 1151 * 1166 1.1 i (120 

1111 i (117 1124 * 1114 1107 * (1m 

1191i (179 QD5i  1110 1124i 1117 

1.2 i (146 (165 * (118 1121 * 1108 

1115i (112 1109i 1107 1110* 1112 

1 1 l l i  1117 ( 1 m t  11M < a 0 1  

1.2*1145 a06*(112 a12*1105 

(a' FROM 4-30  DAYS AFTER EXPOSURE 

Exposure t o  Pu02 a p p r e c i a b l y  d e -  
c r e a s e d  l i f e  span  o n l y  i n  males  t h a t  
r e c e i v e d  t h e  h i g h e s t  amount of  
2 3 9 ~ ~ 0 2  (Tab le  5 . 8 ) .  A l l  h a m s t e r s ,  
i r r e s p e c t i v e  o f  t r e a t m e n t ,  e x h i b i t e d  
amy lo idos i s  i n  t h e  l i v e r  and k i d n e y ,  
of s u f f i c i e n t  s e v e r i t y  t o  be t h e  psob-  
a b l e  c a u s e  o f  d e a t h  i n  most o f  t h e  
an ima l s .  

A t  t h e  h i g h e s t  d e p o s i t i o n  l e v e l s ,  
t h e r e  was obse rved  an e a r l y  a c u t e  i n -  
f lammatory  r e a c t i o n  i n  t h e  l u n g ,  con-  
s i s t i n g  of  numerous mononuclear  c e l l s  
f i l l i n g  t h e  a i r  s p a c e s ,  p rominent  and 
numerous t ype  I 1  a l v e o l a r  e p i t h e l i a l  
c e l l s  on t h e  a l v e o l a r  s e p t a ,  edema o f  
t h e  a l v e o l a r  s e p t a  and ,  l a t e r ,  t h i c k -  
en ing  of  t h e  s e p t a  due t o  i n t e r s t i -  
t i a l  f i b r o s i s .  The r a d i a t i o n  pneumo- 
n i t i s  syndrome i n  hams te r s  e x h i b i t e d  
a  more r e a c t i v e  in f lammatory  phase  
t h a n  i n  t h e  r a t .  R a d i a t i o n  f i b r o s i s  
was most s e v e r e  i n  d i s t a l  r e g i o n s  of  
l ung  l o b e s  and i n  s u b p l e u r a l  r e g i o n s .  
O v e r a l l ,  however, r a d i a t i o n  pneuino.L 
n i t i s  was l e s s  s e v e r e  i n  hams te r s  
t h a n  i n  r a t s  a t  comparable  d e p o s i t i o n  
l e v e l s .  

TABLE 5 . 7 .  D i s t r i b u t i o n  of  I n h a l e d  2 3 9 P ~  i n  T i s s u e s  and 
E x c r e t a  a t  30 Days A f t e r  I n h a l a t i o n  o f  2 3 9 ~ ~ 0 2 .  Values 
a r e  means c S .  D .  

TISSUE -- 

LUNG 

PULMONARY LYMPH NODES 

LIVER 

SKELETON 

STOMACH AND INTESTINES 

KIDNEY 

SPLEEN 

REMAINING TISSUES 

EXCRETA') 

URINE 

FECES 

I N I T I A L  ALVEOLAR DEPOSITION, n C i  

3.0 - -- 
1 9 ' ~ )  - 31 160 

(PERCENTOF I N I T I A L  ALVEOLAR DEPOSITION) 

31 i 13 46 i 32 46 i 21 59 i 19 

0.14 i 0.12 0.45 i 0.68 0.32 * 0.06 0.51 i 0.25 

0.13 i 0.11 a12 i 0.05 azoi 0.15 a io i  a12 

a 1 9 5  a30  0.41 i 0.2.3 a z 9 i  0.22 a 0 7 i  a 0 2  

1.2 i a40  0.65 i 0.31 0.51 i a~ a4a i aos 
< a 0 1  0.06 i 0.04 am i a w  aoi i a01  

a15 i aso R M  i 0.06 amiaoz  aoiiaoz 
1.0 i a43 2 0 5  1.0 a27 i 0.15 aiz * a10 

(a)  MALES, ALL OTHER GROUPS ARE FEMALES 

" FROM 4-30 DAYS AFTER EXPOSURE 



TABLE 5.8. Pulmonary Toxicology in Hamsters Following 
Inhalation of Plutonium. 

I N I T I A L  ALVEOLAR 
DEPOSITION, nCi 
-- 

M E D I A N ' ~ )  
NUMBER OF  RADIATION(^) S U R V I V A L ,  
ANIMALS SEX DOSE, r a d  days 
- -- .- -- 

CONTROLS - 

0 74 FEMALE --- 353 

0 82 MALE --- 471 
-- PLUTONIUM-238 DIOXIDE 

9.8 29 FEMALE 210 35 7 

205 29 FEMALE 4500 288 

l N C l  DENCE OF PULMONARY PATHOLOGY, % 
-- 

ADENOMATOUS SQUAMOUS 
TUMORS METAPLASIA METAPLASIA -- -- 

5 16 MALE 110 307 0 38 0 

15 29 MALE 330 382 0 24 0 

200 3 1  MALE 4400 413 58 3 
+d) 

-- - - -- PLUTONIUM-239 DIOXIDE ----------- 

3 23 FEMALE 66 329 0 9 0 

3 1  23 FEMALE 680 362 0 26 4 

160 3 0  FEMALE 3500 3 24 47 7 
3'd) 

3 24 MALE 66 440 0 38 0 

19 34 MALE 420 4 98 29" ) 29 0 

200 24 MALE 4400 24 6 58 8 
8 ( ~  1, (d I 

la' AT ONE YEAR AFTER EXPOSURE. A S  ESTIMATED FROM I N I T I A L  ALVEOLAR DtPOSITION AND 
LUNG RETENTION DATA 

(b' AFTER EXPOSURE AT 70 DAYS OF AGE 

(" ADENOMA 

'd) ADENOCARC INOMA 

The only statistically significant 
pathological finding in the hamster 
lung was the development of adenoma- 
tous metaplastic lesions. These con- 
sisted of focal to widespread prolif- 
erations of bronchioloalveolar 
epithelium which appeared to arise 
from the superficial, distal bronchio- 
lar epithelium. 

Alveolar adenomatous metaplasia 
was found in 6.8% of unexposed fe- 
males and in 15.9% of unexposed male 
hamster lungs, the increased inci- 
dence in males presumably being due 
t.o their longer life span. The inci- 
dences of adenomatous metaplasia 
tended to increase with increasing ra- 
diation doses to lung in both male 



and female and with both 2 3 8 ~ ~ 0 2  and 
2 3 9 P ~ 0 2 ,  to a maximum incidence of 58% 
at 200 nCi Pu alveolar deposition. 
The severity of the adenomatous le- 
sions also increased with increasing 
radiation dose. Several hamsters 
also exhibited squamous metaplasia in 
the lung, although mostly at the 
higher deposition levels, and in asso- 
ciation with adenomatous metaplasia. 

A total of six lung tumors were 
found in 292 exposed hamsters; of 
these six tumors, three were benign 
pulmonary adenomas and three were ma- 
lignant pulmonary adenocarcinomas. 

The .adenocarcinomas were found only 
in the highest exposure groups for 
both sexes and both plutonium iso- 
topes (Table 5 .  8). No lung tumors 
were seen in unexposed hamsters. 

The Syrian golden hamster appears 
to be a poor animal model for the 
study of plutonium-induced pulmonary 
carcinogenesis because of the high 
spontaneous incidence of amyloidosis 
leading to early death, because of 
the high incidence of adenomatous 
metaplasia in unexposed animals, and 
because of the rarity with which 
lung tumors are induced by plutonium. 

DISPOSITION OF INHALED 241Am(N03L3 IN THE RAT 

Investigators: 

J. E. Ballou and R. A. Gies 
Technical Assistance: 

E. F. Blanton and J. P. Herring 

Approximately twice as much inhaled 241Am(N03)3 was excreted 

in urine during the first week following exposure as was the 

case for 2 3 8 ~ ~ ( ~ 0 3 ) 4 ,  239~~(~03)4 or 2 5 3 E ~ ( ~ 0 3 )  3. Immediately 

after exposure little 241Am was translocated from the lung to 

tissues; however, after 30-60 days, the skeleton was the major 

site of deposition 

Preliminary investigations with in- 
haled nitric acid aerosols of the 
transuranic elements are being con- 
ducted in rodents before studying the 
long-term biological effects in bea- 
gle do s. Results in rats adminis- 
tered q38P~(N03) 4, 3 9 P ~ ( ~ 0 3 )  4 and 
253Es(~03)3 are presented elsewhere 
in this Annual Report. Preliminary 
results of an ongoing study with 
2 4 1 ~ m ( ~ 0 3 )  are report'ed here. 

Thirty-five male Wistar rats, 
60 days of age, were administered 
241Am(~03)3 aerosols generated from a 
0.27N nitric acid solution of the ra- 
dionuclide. A Lovelace nebulizer- was 
employed to generate an aerosol with 
activity median aerodynamic diameter 
(AMAD) of 2.1 pm and geometric stan- 
dard deviation ( o g )  of 2.2. Ameri- 
cium in the solution from which the 



aerosol was generated was 92% ultra- 
filterable through Visking cellulose 
tubing. The rats were exposed for 
30 minutes, nose-only, to an aerosol 
containing 170 nCi lAm per liter. 

The disposition of 2 4 1 ~ m  immedi- 
ately after the 30-minure aerosol ex- 
posure is compared in Table 5.9 with 
similar results for other transur- 
nics. Relatively less 241Am was 
found in the lung, possibly because 
of the larger particle size of the 
24 lAm(~0~) aerosol. As would be ex- 
pected of larger particles, deposi- 
tion was heavier in the upper re- 
spiratory tract, thus limiting 
pulmonary deposition. A large frac- 
tion of the total burden was cleared 
to the "stomach and jejunum" compart- 
ment during the 30-minute exposure. 
This is apparently material that has 
cleared from the mouth or ciliated 
airways and is subsequently ingested. 
As with the other transuranics, there 
was little immediate translocation of 
2 4 1 ~ m  from the lung to other tissues 
such as liver, bone or muscle. 

An average of 17% of the initial 
lung burden of 241Am was excreted 
in the urine during the first day 
after inhalation exposure; 309 was 
excreted in the urine during the 
first week. Comparable values for 
Es and Pu were, respectively, 5 and 
8% for the first day and 8 and 18% 
for the first seven days. An expla- 
nation for the greater excretion of 
americium is not apparent. 

Since this is a continuing study, 
only yartial results are available 
for lAm retention and distribution. 
The lung, skeleton and associated 
soft tissues are the major reser- 
voirs of 241Am retention at both 30 
and 60 days postexposure. The lung 
contained 17% of the body burden 30 
days after inhalation exposure; this 
was reduced to 8% at 60 days. The 
skeleton contained 50% of the body 
burden at 30 days, and 60% at 60 
days postexposure. 

TABLE 5.9 Disposition of Transuranic Nitrate Aerosols 
in Rats Immediately After 30-Minute Inhala- 
tion Exposure. (Average values from 10 rats 
expressed as percent of total burden.) 

UPPER RESPIRATORY TRACT 

TRACHEA 2.3 2.0 2.0 2.0 
NOSE 6.0 3.0 3.0 3.0 
TONGLIE AND ESOPHAGUS 10.0 4.0 3.4 3.6 
HEAD 6.0 6.0 3.0 2.0 
STOMACH AND JEJUNUM 34.0 9.5 - 20.0 7.0 

TOTAL 58.3 24.5 31.4 17.6 

TRANSLOCATED TO TISSUE 

LIVER 
RESl  DUAL CARCASS 

TOTAL 

RETAINED I N  LUNG 6.0 28.0 24.0 28.0 

RETAl NED I N  PELT 34.0 45.0 36.0 53.0 

(a) AVERAGE OF THREE DETERMINATIONS 

ibJ AVERAGE OF 10 RATS, WITH STANDARD DEVIATION 



DISPOSITION AND BIOLOGICAL EFFECTS OF INHALED 

PLUTONIUM IN MINIATURE SWINE 

P e r s o n  i n  C h a r g e :  M .  T .  K a r a g i a n e s  

T h i s  p r o p o s e d  p r o j e c t  h a s  n o t  b e e n  f u n d e d ,  b u t  p r e l i m i n a r y  e x p e r i m e n t s  

h a v e  b e e n  p e r f o r m e d  u s i n g  d i s c r e t i o n a r y  f u n d s .  E s t i m a t e s  o f  t h e  p o s s i b l e  

e f f e c t s  of  i n h a l e d  p l u t o n i u m  i n  man a r e  b a s e d  l a r g e l y  on d a t a  f rom s t u d i e s  

w i t h  r o d e n t s  and  d o g s .  Da ta  f rom a n o t h e r  l a r g e r  s p e c i e s  would be  u s e f u l  i n  

e x t r a p o l a t i o n  o f  t h i s  a n i m a l  d a t a  t o  man. The m i n i a t u r e  s w i n e  h a s  s e r v e d  a s  

a  u s e f u l  e x p e r i m e n t a l  model f o r  man i n  many b i o m e d i c a l  i n v e s t i g a t i o n s  b e c a u s e  

of  p h y s i o l o g i c  and  a n a t o m i c  s i m i l a r i t i e s .  

T h i s  p r o j e c t  would e x p o s e  s w i n e  t o  2 3 9 ~ ~ 0 2  a e r o s o l s ,  by i n h a l a t i o n ,  t o  

d e t e r m i n e  s h o r t -  and  l o n g - t e r m  e f f e c t s .  S h o r t - t e r m  s t u d i e s  (up t o  1 y e a r )  

would i n v e s t i g a t e  p l u t o n i u m  d e p o s i t i o n ,  d i s t r i b u t i o n  and e x c r e t i o n ,  p r o v i d i n g  

i n f o r m a t i o n  n e c e s s a r y  t o  t h e  d e s i g n  and i n t e r p r e t a t i o n  o f  l o n g - t e r m  s t u d i e s .  

L o n g - t e r m  e x p e r i m e n t s  would be  p r i m a r i l y  c o n c e r n e d  w i t h  e v a l u a t i n g  c a r c i n o -  

g e n i c  e f f e c t s ,  b u t  would a l s o  p r o v i d e  m a t e r i a l  f o r  t h e  s t u d y  o f  o t h e r  p o s s i -  

b l e  e f f e c t s  and t h e  mechanisms r e s p o n s i b l e  f o r  t h e s e  e f f e c t s .  The r e s u l t s  

o b t a i n e d  f rom a l l  s t u d i e s  would be  compared w i t h  o t h e r  a n i m a l  and  human d a t a  

and would be  u s e d  t o  a s s e s s  t h e  s w i n e  a s  a  model f o r  p r e d i c t i n g  e f f e c t s  i n  

humans. 



2 3 9 ~ ~ 0 7  AEROSOL EXPOSURE OF MINIATURE SWINE 

I n v e s t i g a t o r s  : 

M .  T. K a r a g i a n e s ,  J .  L .  Beamer ,  D .  K .  C r a i g ,  

W .  T. Kaune,  J .  R .  D e c k e r ,  W .  C .  Cannon 

T e c h n i c a l  A s s i s t a n c e :  

A .  J .  C l a r y ,  J .  P.  H e r r i n g ,  E. L .  B l a n t o n ,  

M .  C .  M i l l e r ,  E. G .  K u f f e l  

T e c h n i q u e s  w e r e  d e v e l o p e d  f o r  t h e  e x p o s u r e  o f  m i n i a t u r e  

s w i n e  t o  i n h a l e d  a e r o s o l s .  P r e l i m i n a r y  d i s t r i b u t i o n  d a t a  

a r e  r e p o r t e d  f o r  two s w i n e  e x p o s e d  t o  i n h a l e d  2 3 9 ~ ~ 0 2 .  

I n i t i a l  work o n  t h i s  p r o j e c t  was 
d i r e c t e d  a t  m o d i f y i n g  e x i s t i n g  a e r o -  
s o l  e q u i p m e n t  and e s t a b l i s h i n g  p r o p e r  
t e c h n i q u e s  f o r  t h e  i n h a l a t i o n  e x p o -  
s u r e  o f  m i n i a t u r e  s w i n e .  I n s t r u -  
men ted  s w i n e  were  e x p o s e d  t o  d y e -  
l a b e l e d  a e r o s o l s  i n  o r d e r  t o  
c h a r a c t e r i z e  t h e  anatomy o f  r e s p i r a -  
t o r y  t r a c t  lymph n o d e s  and  t o  accumu- 
l a t e  o t h e r  p h y s i o l o g i c  d a t a  s u c h  a s  
t i d a l  and m i n u t e  vo lumes .  These  
measurements  were  u s e f u l  i n  t h e  modi-  
f i c a t i o n  o f  e x i s t i n g  dog a e r o s o l  
chambers  (Annual  R e p o r t s  f o r  1974  
and 19 75) t o  accommodate t h e -  1 a r g e r  
s w i n e .  The p i g  e x p o s u r e  chamber  i s  

4 d e s c r i b e d  e l s e w h e r e  i n  t h i s  Annual  
R e p o r t .  

A f a c e  mask was d e s i g n e d  a n d  f a b -  
p r i c a t e d  t o  f i t  t h e  e l o n g a t e d  s n o u t  o f  

t h e  p i g .  T h i s  mask ( F i g u r e  6 . 1 )  p r o -  
v i d e s  f o r  e x p o s u r e  by t h e  i n t r a n a s a l  
pa thway;  i n f l a t a b l e  c u f f s  on  t h e  i n -  
t r a n a s a l  c a t h e t e r s  p r e v e n t  a e r o s o l  
l e a k a g e  a r o u n d  t h e  e x t e r n a l  n a r e s .  
A l l  f a c e - m a s k '  a t t a c h m e n t s  a n d  c o n -  
n e c t o r s  a r e  s e a l e d  w i t h  m e d i c a l  g r a d e  
s i l a s t i c  t o  f u r t h e r  e n s u r e  a g a i n s t  
a e r o s o l  l e a k a g e .  Swine e x p o s e d  by 

t h i s  method h a d  an a v e r a g e  t i d a l  v o l -  
ume o f  530 m l  and  a n  a v e r a g e  m i n u t e  
volume o f  4 . 7  a .  

Two s w i n e  were  e x p o s e d  t o  lg8AuC13-  
c o l l o i d  a e r o s o l s  t o  t e s t  and  e v a l u a t e  
chamber m o d i f i c a t i o n s  and f a c e - m a s k  

SWINE 
NARES 

INFLATION r"/ 
I I I C I ~ E  NOSE 

\ 
ADAPTOR TO 
AEROSOL CHAMBER 

FIGURE 6 . 1 .  F a c e  Mask f o r  9 P ~ 0 2  
A e r o s o l  Exposure  o f  M i n i a t u r e  Swine.  

/" 

MASK 



e x p o s u r e  t e c h n i q u e s .  Minor  i m p r o v e -  
m e n t s  were  made and  two a d d i t i o n a l  
a n i m a l s  were  t h e n  e x p o s e d  t o  2 3 9 P ~ 0 2  
a e r o s o l s  h a v i n g  a n  a c t i v i t y  m e d i a n  
a e r o d y n a m i c  d i a m e t e r  (AMAD) o f  3.0 t o  
3 . 5  u m .  Both  a n i m a l s  w e r e  k i l l e d  
1 0  d a y s  f o l l o w i n g  e x p o s u r e .  P r e l i m i -  
n a r y  d a t a  a r e  a v a i l a b l e  f r o m  one of  
t h e s e  p i g s .  

T o t a l  p l u t o n i u m  r e c o v e r e d  a t  n e c -  
r o p s y ,  a s  d e t e r m i n e d  b y  l i q u i d  s c i n -  
t l l l a t i o n  c o u n t i n g ,  was 1 . 7 2  v C i ,  
w i t h  9 4 . 2 %  of t h i s  r e t a i n e d  i n  t h e  
l u n g s ,  0 . 6 %  i n  t h e  r e s p i r a t o r y  t r a c t  
lymph n o d e s ,  a n d  t h e  r e m a i n d e r  i n  t h e  

o t h e r  body o r g a n s  a n d  t i s s u e s .  P l u -  
ton ium c o n c e n t r a t i o n  i n  t h e  l u n g s  
was h i g h e s t  i n  t h e  l a r g e r  d i a p h r a g -  
m a t i c  l o b e s  w i t h  d e c r e a s i n g  c o n c e n -  
t r a t i o n s  i n  t h e  s m a l l e r  a p i c a l ,  c a r -  
d i a c  and  i n t e r m e d i a t e  l o b e ,  
r e s p e c t i v e l y .  T h e s e  a r e  d a t a  d e r i v e d  
f rom o n l y  one a n i m a l  b u t  a r e  e n c o u r -  
a g i n g l y  s i m i l a r  t o  t h o s e  r e p o r t e d  f o r  
r o d e n t s  and  d o g s  a t  10 d a y s  
p o s t e x p o s u r e .  

The e x p o s u r e  o f  s w i n e  v i a  t h e  i n -  
h a l a t i o n  r o u t e  h a s  b e e n  d e m o n s t r a t e d  
t o  b e  a  f e a s i b l e  p r o c e d u r e .  



INHALATION HAZARDS TO URANIUM MINERS 

P e r s o n  i n  C h a r g e :  B .  0 .  S t u a r t  

The g o a l  of t h i s  p r o j e c t  i s  t o  i d e n t i f y  t h e  s p e c i f i c  u r a n i u m  mine a i r  c o n -  

t a m i n a n t s ,  a n d  t h e  c r i t i c a l  l e v e l s  o f  t h e s e  c o n t a m i n a n t s ,  t h a t  i n i t i a t e  o r  

p romote  t h e  deve lopment  o f  r e s p i r a t o r y  t r a c t  p a t h o l o g y ,  i n c l u d i n g  c a r c i n o m a ,  

f i b r o s i s ,  and  emphysema. The h i g h  i n c i d e n c e  of l u n g  c a n c e r  among u ran ium 

m i n e r s  o f  t h e  C o l o r a d o  p l a t e a u ,  i n  a  p e r i o d  of i n c r e a s i n g  demand f o r  u ran ium 

o r e ,  i s  a  m a t t e r  o f  n a t i o n a l  c o n c e r n .  E p i d e m i o l o g i c a l  s t u d i e s  among u r a n i u m  

m i n e r s  have  b e e n  b a s e d  on v e r y  u n c e r t a i n  e x p o s u r e  h i s t o r i e s .  S t u d i e s  w i t h  

e x p e r i m e n t a l  a n i m a l s  o f f e r  t h e  o n l y  hope o f  u n r a v e l i n g  t h e  complex e t i o l o g y  

o f  o b s e r v e d  e f f e c t s .  Of p a r t i c u l a r  c o n c e r n  a r e  p o s s i b l e  e f f e c t s  o f  t h e  d r a s -  

t i c a l l y  i n c r e a s e d  mine v e n t i l a t i o n  r a t e s  demanded by new r e g u l a t i o n s ,  which  

will marked ly  a l t e r  r a d o n : r a d o n  d a u g h t e r  r a t i o s ,  and c r e a t e  new p a t t e r n s  o f  

r a d i a t i o n  d o s e ,  p o s s i b l y  a l t e r i n g  t h e  t i s s u e  a t  r i s k .  

Under t h i s  p r o j e c t ,  l a r g e  and s m a l l  l a b o r a t o r y  a n i m a l s  have  r e c e i v e d  d a i l y ,  

l i f e - s p a n  e x p o s u r e s ,  by r e a l i s t i c  i n h a l a t i o n  t e c h n i q u e s ,  a t  l e v e l s  and r a t i o s  

o f  mine a i r  c o n t a m i n a n t s  t h a t  have  been  c o r r e l a t e d  w i t h  a c t u a l  human e x p o s u r e  

c o n d i t i o n s .  Mass ive  f i b r o s i s ,  b u l l o u s  emphysema, and r e s p i r a t o r y  t r a c t  n e o -  

p l a s i a  have  b e e n  p r o d u c e d  i n  b e a g l e  dogs  a f t e r  I t o  5 - 1 / 2  y e a r s  o f  d a i l y  e x p o -  

s u r e s  t o  r a d o n  d a u g h t e r s  w i t h  u ran ium o r e  d u s t ,  w i t h  a n d  w i t h o u t  c o n c u r r e n t  

c i g a r e t t e  smoking ,  a s  w e l l  a s  i n  h a m s t e r s  f o l l o w i n g  l i f e - s p a n  e x p o s u r e s  t o  

r a d o n  d a u g h t e r s ,  w i t h  a n d  w i t h o u t  u ran ium o r e  d u s t .  

C u r r e n t  r e s e a r c h  e f f o r t s  i n c l u d e  s t u d i e s  o f  pu lmonary  p a t h o g e n e s i s  i n d u c e d  

by c h r o n i c a l l y  i n h a l e d  r a d o n  d a u g h t e r s ,  u r a n i u m  o r e  d u s t ,  and c i g a r e t t e  smoke 

i n  b e a g l e  d o g s ,  t o g e t h e r  w i t h  i n t e r s p e c i e s  c o m p a r i s o n s  i n  s i m u l t a n e o u s l y  e x -  

p o s e d  m i c e ,  h a m s t e r s ,  and r a t s .  Da ta  from t h e s e  c o m p a r a t i v e  s t u d i e s  w i l l  p e r -  

m i t  e x t r a p o l a t i o n  of t h e  d o s e - e f f e c t  r e l a t i o n s h i p s  t o  man. A l s o  i n  p r o g r e s s  

a r e  s t u d i e s  o f  t h e  b i o l o g i c a l  c o n s e q u e n c e s  o f  v a r y i n g  t h e  a t t a c h e d  v e r s u s  

u n a t t a c h e d  r a t i o s  o f  r a d o n  d a u g h t e r  r a d i o n u c l i d e s .  These  s t u d i e s  w i l l  p r o -  

v i d e  d a t a  t o  e v a l u a t e  t h e  r e l a t i v e  h a z a r d s  o f  d u s t y  v e r s u s  m i n i m a l - d u s t  c o n d i -  

t i o n s  i n  u ran ium mine o p e r a t i o n s .  S t u d i e s  t o  a s s e s s  t h e  r e l a t i v e  h a z a r d s  of 

Kn, KaA, and  KaC' w i l l  p r o v i d e  d a t a  e s s e n t i a l  t o  t h e  e v a l u a t i o n  of i n h a l a t i o n  

h a z a r d s  i n  f u t u r e ,  u n d e r g r o u n d ,  u ran ium m i n i n g  a s  compared t o  c o n d i t i o n s  p r e v a -  

l e n t  i n  t h e  e a r l y  1 9 5 0 s .  . A 1 1  o f  t h e s e  i n v e s t i g a t i o n s  have  a  d i r e c t  h e a r i n g  

upon p e r m i s s i b l e  m i n e - a i r  c o n c e n t r a t i o n s ,  and i n d i r e c t l y  on t h e  r i s k -  benef  i t  

a s s e s s m e n t  o f  n u c l e a r  e n e r g y  u t i l i z a t i o n .  
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PULMONARY NEOPLASTIC RESPONSE IN BEAGLE DOGS EXPOSED DAILY TO 

RADON DAUGHTERS, URANIUM ORE DUST, AND CIGARETTE SMOKING 
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T e c h n i c a l  A s s i s t a n c e :  

W .  S k i n n e r ,  K .  C .  Up ton ,  a n d C .  R .  P e t t y  

B e a g l e  d o g s  t h a t  r e c e i v e d  d a i l y  e x p o s u r e s  f o r  up  t o  5  y e a r s  

t o  r a d o n  d a u g h t e r s  ( 6 0 0  WL) w i t h  o r e  d u s t  a n d / o r  c i g a r e t t e  

smoke d e v e l o p e d  a  v a r i e t y  o f  s e v e r e  pu lmonary  d i s e a s e s  i n c l u d -  

i n g  squamous c a r c i n o m a ,  b r o n c h i o l a r - a l v e o l a r  c a r c i n o m a ,  and  

f  i b r o s a r c o m a .  

To d e t e r m i n e  t h e  combined and  s e p a -  
r a t e  r o l e s  o f  r a d o n  d a u g h t e r s ,  u r a -  
nium o r e  d u s t ,  a n d  c i g a r e t t e  smoking 
i n  t h e  d e v e l o p m e n t  o f  l u n g  c a n c e r  a n d  
o t h e r  r e s p i r a t o r y  t r a c t  p a t h o l o g y ,  
two g r o u p s  o f  b e a g l e  dogs  r e c e i v e d  
i n h a l a t i o n  e x p o s u r e s  t o  6 0 0  WL o f  
r a d o n  d a u g h t e r s  a n d  1 5  m g / m 3  u ran ium 
o r e  d u s t ,  w i t h  and  w i t h o u t  concomi-  
t a n t  e x p o s u r e  t o  d a i l y  c i g a r e t t e  
smoking.  A t h i r d  g r o u p  was e x p o s e d  
o n l y  t o  d a i l y  c i g a r e t t e  smoking ,  and 
a  f o u r t h  s e r v e d  a s  c o n t r o l  a n i m a l s .  
T a b l e  7 . 1  shows t h e  o r i g i n a l  e x p e r i -  
m e n t a l  d e s i g n ,  and t h e  number o f  a n i -  
m a l s  r e m a i n i n g  a l i v e  i n  e a c h  e x p o s u r e  
g r o u p  on November 1,  1 9 7 5 .  Due t o  
t h e  r a p i d l y  d e t e r i o r a t i n g  h e a l t h  o f  
t h e  a n i m a l s  i n  Groups  1 and  2 ,  expo-  
s u r e s  t o  r a d o n  d a u g h t e r s  a n d  u ran ium 
o r e  d u s t  w e r e  d i s c o n t i n u e d  a f t e r  
August  1 5 ,  1 9 7 4 - - 5  y e a r s  a f t e r  expo-  
s u r e s  s t a r t e d .  

and  Group 2 dogs  i n c l u d e d  s e v e r e  d i s -  
c o l o r a t i o n  o f  t h e  p l e u r a l  s u r f  a c e s  
a n d  p l e u r a l  t h i c k e n i n g  w i t h  s m a l l  
a r e a s  of  s c a r  t i s s u e .  M u l t i f o c a l  
b u l l o u s  emphysema was o b s e r v e d  b e -  
n e a t h  t h e  p l e u r a l  s u r f a c e  i n  t h e  
l u n g s  o f  4  o f  11 dogs  f r o m  Group 1 
and  8 o f  1 3  dogs  from Group 2 .  M i l d  

TABLE 7 . 1 .  E x p e r i m e n t a l  D e s i g n  and 
Animals  A l i v e  o n  1 1 / 1 / 7 5  

NUMBER O F A N I L M A L S  
- 

G R O U p  O R I G I N A L  F I V E  XUl EXPOSURE R L G l M E N  
- 

1 20 0  6 M W L  RADON DAUGHTERS W I T H  
U R R V I U M  ORE DUST ICARNOTITE)  
15 m g l m 3  14 H R I D A Y  5 D A Y S i W E E K i  

2 2 0  1 CIGARETTE SMOKE P L U S  6 M W L  
RADON DAUGHTERS W l T H  U R A N I U M  
ORE DUST (CARNOTITE1 I5 m g l m 3  

3 2 0  14 CIGARETTE SMOKE 110 C lGARETTESi  
D A Y ,  7 DAY SilVEEK r 

Twenty dogs  f rom Groups  1 a n d  2 4 9 5 CONTROLS (SHAM SMOKEOI 

d i e d  o f  pu lmonary  i n s u f f i c i e n c y  d u r -  
i n g  t h e  p a s t  y e a r .  ~ a t h o l o ~ i c -  
c h a n g e s  i n  t h e  l u n g s  o f  t h e  Group 1 





were  p r e s e n t  i n  t h e  t u m o r ,  a s  w e r e  
n e c r o t i c  a r e a s .  The l u n g  a p p e a r e d  t o  
be  t h e  p r i m a r y  s i t e ,  a n d  t h e  tumor  
was d i a g n o s e d  a s  a  f i b r o s a r c o m a ,  a  
r a r e  tumor  i n  t h e  l u n g s  of  d o g s .  

T h e s e  f i n d i n g s  show f o r  t h e  f i r s t  
t i m e  t h a t  i t  i s  p o s s i b l e  t o  i n d u c e  
p r i m a r y  n e o p l a s m s  i n  t h e  l u n g s  o f  
l a r g e  e x p e r i m e n t a l  a n i m a l s  by c h r o n i c  
d a i l y  e x p o s u r e  t o  u r a n i u m  mine a i r  
c o n t a m i n a n t s ,  i . e . ,  r a d o n ,  r a d o n  

d a u g h t e r s ,  a n d  u r a n i u m  o r e  d u s t ,  w i t h  
a n d  w i t h o u t  c i g a r e t t e  smoking .  T h e s e  
e x p o s u r e s  t o  known l e v e l s  of  a i r  c o n -  
t a m i n a n t s  e s t a b l i s h  a  d i r e c t  c a u s e -  
a n d - e f f e c t  r e l a t i o n s h i p  b e t w e e n  l u n g  
c a n c e r  and  i n h a l e d  u r a n i u m  mine a e r o -  
s o l s ,  and  w i l l  p r o v i d e  a  much f i r m e r  
b a s i s  f o r  d e t e r m i n i n g  t h e  a b s o r b e d  
r a d i o l o g i c a l  d o s e  r e q u i r e d  t o  p r o d u c e  
l u n g  c a n c e r .  The c o n t r i b u t i o n  o f  t h e  
o r e  d u s t  t o  t h e  o b s e r v e d  d e v e l o p i n g  
n e o p l a s t i c  c h a n g e s  i s  u n d e r  s t u d y .  

DOSIMETRIC STUDIES OF INHALED RADON DAUGHTERS IN DOGS 

I n v e s t i g a t o r s :  

R .  F .  P a l m e r ,  P .  0. J a c k s o n ,  

J .  C .  Gaven,  a n d  B .  0 .  S t u a r t  

T e c h n i c a l  A s s i s t a n c e :  

A. C .  C a s e ,  J .  F o r s y t h e ,  and W .  S k i n n e r  

Radon d a u g h t e r  e x p o s u r e - c h a m b e r  a e r o s o l  p a r a m e t e r s  a n d  d o s e  

r a t e s  t o  r e s p i r a t o r y  t r a c t s  o f  dogs  b r e a t h i n g  t h e s e  a e r o s o l s  

a r e  r e p o r t e d .  

S h o r t - l i v e d  r a d o n  d a u g h t e r s  were  
m e a s u r e d  by gamma s p e c t r o m e t r y  i n  e x -  
c i s e d  r e s p i r a t o r y  t r a c t  t i s s u e s  of 
b e a g l e  dogs  a f t e r  4 -  h o u r  e x p o s u r e s  t o  
t h e  same r a d o n  d a u g h t e r s  p l u s  u r a n i u m  
o r e  d u s t  a e r o s o l  u s e d  f o r  o u r  l o n g -  
t e r m  s t u d i e s .  D u r i n g  t h e  e x p o s u r e  
p e r i o d s  t h e  e x p o s u r e  chamber a tmo-  
s p h e r e  was c h a r a c t e r i z e d  by m e a s u r i n g  
c o n d e n s a t i o n  n u c l e i  c o n c e n t r a t i o n s ,  
p a r t i c l e  s i z e  d i s t r i b u t i o n  of a t -  
t a c h e d  r a d o n  d a u g h t e r s ,  f r a c t i o n  o f  
u n a t t a c h e d  r a d o n  d a u g h t e r s ,  a n d  t h e  
c o n c e n t r a t i o n s  o f  u r a n i u m  o r e  d u s t  
a n d  r a d o n  d a u g h t e r s .  The chamber 
p a r a m e t e r s  m e a s u r e d  a r e  shown i n  
T a b l e  7 . 2  a n d  t h e  d o s e  r a t e s  t o  v a r i -  
ous  a r e a s  o f  t h e  r e s p i r a t o r y  t r a c t  i n  
T a b l e  7 . 3 .  For  d o s e  c a l c u l a t i o n s ,  

t h e  measured  c o n c e n t r a t i o n s  of RaA, 
RaB, a n d  RaC were  c o r r e c t e d  f o r  d e c a y  
b a c k  t o  t h e  t i m e  o f  s a c r i f i c e - -  
i m m e d i a t e l y  a f t e r  t h e  c e s s a t i o n  o f  
t h e  4 - h o u r  e x p o s u r e  p e r i o d .  

The d a t a  i n  T a b l e  7 . 2  show t h a t  
g r e a t e r  t h a n  9 0 %  of  t h e  r a d o n  daugh-  
t e r s  were  a t t a c h e d  t o  u ran ium o r e  
d u s t  o f  a  r e s p i r a b l e  s i z e .  T h i s  i s  
f u r t h e r  e v i d e n c e d  by t h e  h i g h  c o n c e n -  
t r a t i o n s  o f  r a d o n  d a u g h t e r  p r o d u c t s  
measured  i n  t h e  d e e p  l u n g .  F o l l o w i n g  
Run 1, e a c h  l u n g  l o b e  was f r a c t i o n -  
a t e d  i n t o  p r o x i m a l ,  m e d i a l  a n d  d i s t a l  
t h i r d s  p r i o r  t o  a n a l y s i s .  I n  a l l  
c a s e s  b u t  o n e ,  t h e  d i s t a l  f r a c t i o n  
showed a  h i g h e r  c o n c e n t r a t i o n  o f  
r a d o n  d a u g h t e r s  t h a n  d i d  t h e  o t h e r s .  



TABLE 7 . 2 .  A e r o s o l  P a r a m e t e r s  Mea- 
s u r e d  i n  E x p o s u r e  Chamber D o s i m e t r y  
R u n s .  

WORKING  LEVEL'^' 
UNATIACHED FRACTION OF RaA 

RaA i n C 1 1 L l  

Rat7 i n C l I L l  

R d :  (nCI!.i 

RADON ( n C 1 1 t  l 

U R A N I U M O R E  DU5T t p g l c c l  

CONDENSATION NUCLEI &'lcci 

AhlAD ' G S O ' ~ '  

R aA 

i v m l  RaB 

R d: 

RUN l RUN 2 - - 

la1 
AVERAGE + S D 

Ibr A C I I V I T Y  MCDI AN AERODYNAMIC D l  AhltTER IGEOhlETRIC S D 

Alpha  d o s e  r a t e s  w e r e  d e t e r m i n e d  
by c a l c u l a t i o n s  b a s e d  on m e a s u r e m e n t s  
o f  gamma e m i s s i o n s  f rom i n d i v i d u a l  
r a d o n  d a u g h t e r s ,  c o r r e c t e d  f o r  r a d i o -  
l o g i c a l  d e c a y .  The a l p h a  d o s e  r a t e s  
o f  0 . 3 9  a n d  0 . 2 4  rads/WLM d e l i v e r e d  
t o  t h e  p a r e n c h y m a l  l u n g  a r e  somewhat 
h i g h e r  t h a n  t h e  a v e r a g e  o f  
0 . 1 7  rads/WLM o b s e r v e d  b y  Morken a t  
t h e  U n i v e r s i t y  o f  R o c h e s t e r  i n  d o g s  
t h a t  r e c e i v e d  r a d o n  d a u g h t e r s  i n  t h e  
a b s e n c e  o f  o r e  d u s t  p a r t i c l e s ,  w h e r e  
u n a t t a c h e d  f r a c t i o n s  w e r e  much h i g h e r .  
The c o r r e s p o n d i n g l y  much l o w e r  d o s e  

TABLE 7 . 3 .  C a l c u l a t e d  Dose R a t e s  t o  
V a r i o u s  A r e a s  o f  t h e  R e s p i r a t o r y  
T r a c t s  o f  Dogs I n h a l i n g  Radon Daugh- 
t e r s  P l u s  Uranium Ore  D u s t .  

!!!!!L - RUN 2- 

I r n r a d s i W L M i  5 . 0 .  ) i r n r a d s l W L M *  S . 0 2  - - -- - -- 

LUNG 391 i 153 237 i 2 2  

BIFURCATION 690 90 

TRACHEA 100 20 

LARYNX 540 15 

TURBINATES 170 90 

r a t e s  o b s e r v e d  i n  t h e  b i f u r c a t i o n s  
a n d  t r a c h e a  ( 0 . 6 9  a n d  0 .09 rads/WLM 
i n  t h e  p r e s e n t  s t u d i e s ,  v e r s u s  a  
r a n g e  o f  0 . 2 8  t o  1 2 . 5  rads/WLM f o r  
r a d o n  d a u g h t e r s  a l o n e  a t  t h e  U n i v e r -  
s i t y  o f  R o c h e s t e r )  i n d i c a t e  t h a t  a b -  
s o r b e d  a l p h a  d o s e  i s  n o t  a s  h i g h l y  
c o n c e n t r a t e d  i n  t h e  u p p e r  r e s p i r a t o r y  
t r a c t  when u r a n i u m  mine  e x p o s u r e  c o n -  
d i t i o n s  a r e  s i m u l a t e d ,  i . e . ,  low 
u n a t t a c h e d  r a d o n  d a u g h t e r  f r a c t i o n s  
i n  t h e  p r e s e n c e  o f  a i r b o r n e  u r a n i u m  
o r e  d u s t .  The wide  v a r i a t i o n  i n  mea- 
s u r e d  d o s e  r a t e s  b e t w e e n  i n d i v i d u a l  
a n i m a l s  e x p o s e d  t o  t h e  same a e r o s o l s ,  
o b s e r v e d  i n  b o t h  l a b o r a t o r i e s ,  shows 
t h a t  i t  i s  n o t  p o s s i b l e  t o  a d o p t  a  
s i n g l e  Work-Leve l -Exposure  t o  
Absorbed-Dose  c o n v e r s i o n  f a c t o r  w i t h -  
o u t  i n c o r p o r a t i o n  o f  b o t h  p h y s i c a l  
a n d  p h y s i o l o g i c a l  p a r a m e t e r s .  



INTERSPECIES COMPARISON OF THE BIOLOGICAL EFFECTS 

OF INHALED RADON DAUGHTERS AND URANIUM ORE DUST 

I n v e s t i g a t o r s  : 

R. F. P a l m e r ,  K .  E. McDonald 

J .  E. Lund, a n d  B. 0 .  S t u a r t  

T e c h n i c a l  A s s i s t a n c e :  

H .  G .  S t e e l e  and J .  C .  Gaven 

H a m s t e r s ,  r a t s ,  a n d  mice  w e r e  c h r o n i c a l l y  e x p o s e d  t o  r a d o n  

d a u g h t e r s ,  w i t h  and  w i t h o u t  u r a n i u m  o r e  d u s t ,  t o  p r o v i d e  a n  

i n t e r s p e c i e s  c o m p a r i s o n  o f  t h e  e f f e c t s  o f  t h e s e  u r a n i u m  mine 

i n h a l a t i o n  h a z a r d s .  

S y r i a n  g o l d e n  h a m s t e r s ,  C57BL m i c e ,  
a n d  s p e c i f i c - p a t h o g e n - f r e e  r a t s  w e r e  
e x p o s e d  s i m u l t a n e o u s l y  i n  g r o u p s  of 
16  a n i m a l s  e a c h  f o r  30 h r / w e e k  t o  
a e r o s o l s  c o n s i s t i n g  o f  r a d o n  p l u s  r a -  
don  d a u g h t e r s ,  w i t h  and  w i t h o u t  c a r n o -  
t i t e  u r a n i u m  o r e  d u s t .  I n  t h e  cham- 
b e r  w i t h o u t  u r a n i u m  o r e  d u s t  t h e  
r a d o n  c o n c e n t r a t i o n  was r e a s o n a b l y  
c o n s t a n t ,  a v e r a g i n g  4 .7  + 0 . 7  u C i / k .  
The c o n c e n t r a t i o n s  o f  r a d o n  d a u g h t e r s  
and  c o n d e n s a t i o n  n u c l e i ,  however ,  were  
q u i t e  e r r a t i c ,  v a r y i n g  w i t h  h u m i d i t y  
a n d  t h e  number o f  a n i m a l s  i n  t h e  cham- 
b e r .  Working L e v e l s  o f  r a d o n  daugh-  
t e r s  a v e r a g e d  1 , 5 2 0  d u r i n g  t h e  f i r s t  
265 d a y s  o f  t h e  e x p o s u r e  p e r i o d  b u t  
i n c r e a s e d  t o  o v e r  1 6 , 0 0 0  by d a y  3 7 8 ,  
when o n l y  one  h a m s t e r  r e m a i n e d  a l i v e  
i n  t h e  chamber .  C o n d e n s a t i o n  n u c l e i  
c o n c e n t r a t i o n s  v a r i e d  f r o m  2 , 1 0 O / c c  
t o  a  h i g h  o f  8 7 , 0 0 O / c c  o v e r  t h e  same 
t i m e  p e r i o d .  I n  t h e  chamber  w i t h  
17  + 5 ug o f  u r a n i u m  o r e  d u s t  and  
2 .6  + 0 . 3  u C i  of  r a d o n  p e r  l i t e r ,  
r a d o n  d a u g h t e r  c o n c e n t r a t i o n s  r a n g e d  
b e t w e e n  5 , 4 0 0  a n d  7 , 4 0 0  Working 
L e v e l s ,  and  c o n d e n s a t i o n  n u c l e i  c o n -  
c e n t r a t i o n s  b e t w e e n  6 6 , 0 0 O / c c  a n d  
1 1 1 , o o o / c c .  

A l l  t h r e e  s p e c i e s  showed more  d r a s -  
t i c  l i f e  s h o r t e n i n g  i n  t h e  chamber  
c o n t a i n i n g  u r a n i u m  o r e  d u s t  i n  a d d i -  
t i o n  t o  r a d o n  a n d  i t s  d a u g h t e r s  t h a n  
t h e y  d i d  i n  t h e  o n e  w i t h o u t  t h e  o r e  
d u s t .  A l s o ,  r a t s  w e r e  l e s s  a f f e c t e d  
by t h e  p r e s e n c e  o f  t h e  u r a n i u m  o r e  
d u s t  t h a n  w e r e  t h e  o t h e r  two s p e c i e s ,  

b u t  were  somewhat more s e n s i t i v e  t o  
t h e  r a d i a t i o n  f r o m  r a d o n  and i t s  
d a u g h t e r s  i n  t h e  a b s e n c e  o f  t h e  o r e  
d u s t .  

H i s t o p a t h o l o g i c  e x a m i n a t i o n s  o f  
t h e  r e s p i r a t o r y  t r a c t s  a n d  o t h e r  s e -  
l e c t e d  o r g a n s  showed p a t h o l o g i c a l  
c h a n g e s  p r e s e n t  i n  t h e  e x p e r i m e n t a l  
g r o u p s  o f  r a t s  t o  b e  more s e v e r e  t h a n  
i n  e i t h e r  h a m s t e r s  o r  m i c e ,  i n  s p i t e  
o f  t h e  s i m u l t a n e o u s  e x p o s u r e  o f  t h e  
t h r e e  s p e c i e s  i n  t h e  same c h a m b e r .  
Two r a t s  i n  t h e  g r o u p  e x p o s e d  t o  
r a d o n  d a u g h t e r s  w i t h o u t  o r e  d u s t  h a d  
e x t r e m e  squamous m e t a p l a s i a  o f  pulmo-  
n a r y  a l v e o l a r  e p i t h e l i u m  w i t h  k e r a t i n  
p e a r l s ,  b u t  w i t h o u t  e v i d e n c e  o f  v a s c u -  
l a r  i n v a s i o n .  T h e s e  l e s i o n s  a r e  p r e -  
n e o p l a s t i c .  One r a t  i n  t h e  r a d o n  
d a u g h t e r - p l u s - o r e  g r o u p  h a d  a  pulmo-  
n a r y  squamous c a r c i n o m a  w i t h  e v i d e n c e  
o f  v a s c u l a r  i n v a s i o n .  Squamous m e t a -  
p l a s i a  o f  n a s a l  and  t u r b i n a t e  e p i t h e -  
l i u m  o c c u r r e d  i n  s l i g h t  a n d  m o d e r a t e  
d e g r e e s  o f  s e v e r i t y  i n  r a t s  o f  t h e  
r a d o n  d a u g h t e r - p l u s - o r e  g r o u p  a n d  t h e  
r a d o n - d a u g h t e r s - o n l y  g r o u p ,  r e s p e c -  
t i v e l y .  R h i n i t i s  r a n g e d  i n  s e v e r i t y  
f rom s l i g h t  i n  r a d o n  d a u g h t e r s - p l u s -  
o r e  t o  m o d e r a t e  a n d  s u p p u r a t i v e  i n  
t h e  r a d o n - d a u g h t e r s - o n l y  r a t s .  Squa-  
mous m e t a p l a s i a  was a l s o  a  f e a t u r e  of  
l a r y n g e a l ,  t r a c h e a l ,  a n d  b r o n c h i o l a r  
e p i t h e l i u m  b u t  was s l i g h t l y  more  s e -  
v e r e  i n  t h e  r a d o n  d a u g h t e r - p l u s  - o r e  
g r o u p  of  r a t s .  O t h e r  p u l m o n a r y  
c h a n g e s  i n c l u d e d  r a d i a t i o n  pneumoni-  
t i s  a n d  emphysema. The p n e u m o n i t i s  



was p r e s e n t  t o  a  g r e a t e r  d e g r e e  o f  
s e v e r i t y  and w i t h  h i g h e r  i n c i d e n c e  
i n  t h e  r a d o n  d a u g h t e r s - p l u s - o r e  g r o u p .  
O t h e r  t h a n  t h e  s l i g h t  d e g r e e  o f  pulmo- 
n a r y  emphysema i n  7 o f  16 r a t s ,  t h e  
c o n t r o l  r a t s  w e r e  r e l a t i v e l y  f r e e  o f  
pu lmonary  l e s i o n s .  

The mos t  s i g n i f i c a n t  c h a n g e s  ob-  
s e r v e d  i n  t h e  c o n t r o l  h a m s t e r s  w e r e  
r e l a t e d  t o  a m y l o i d  d e p o s i t i o n  i n  t h e  
k i d n e y ,  l i v e r ,  a n d  s p l e e n  w i t h  o c c a -  
s i o n a l  d e p o s i t i o n  i n  o t h e r  t i s s u e s ,  
i n c l u d i n g  t h e  a d r e n a l  g l a n d s  and  t h y -  
r o i d .  O c c a s i o n a l  c a l c i f i c a t i o n  o f  
l u n g ,  m u s c l e ,  k i d n e y ,  t r a c h e a  and 
o t h e r  t i s s u e s  was a l s o  o b s e r v e d ,  p o s -  
s i b l y  r e l a t e d  t o  d e c r e a s e d  r e n a l  f u n c -  
t i o n  r e s u l t i n g  f rom amylo id  d e p o s i -  
t i o n  i n  t h e  k i d n e y .  

Changes  i n  h a m s t e r s ,  r e l a t e d  t o  
e x p o s u r e  t o  r a d o n  d a u g h t e r s  o r  r a d o n  
d a u g h t e r s - p l u s - u r a n i u m - o r e ,  were  r e -  
s t r i c t e d  t o  t h e  r e s p i r a t o r y  t r a c t .  
The r a d o n  d a u g h t e r s  g r o u p  showed r h i -  
n i t i s  w i t h  m e t a p l a s t i c  c h a n g e s  o f  t h e  
s i m p l e  co lumnar  e p i t h e l i u m  l i n i n g  t h e  
n a s a l  p a s s a g e s  a n d  t h e  t u r b i n a t e s .  
The m e t a p l a s t i c  c h a n g e  r a n g e d  f rom a  
s u b s t i t u t i o n  o f  s i m p l e  squamous c e l l s  
f o r  t h e  c o l u m n a r  c e l l s ,  t o  t h e  p r e s -  
e n c e  o f  s t r a t i f i e d  squamous e p i t h e -  
l i u m  w i t h  k e r a t i n  f o r m a t i o n .  M e t a -  
p l a s t i c  c h a n g e s  w e r e  a l s o  o b s e r v e d  i n  
t h e  t r a c h e a ,  b r o n c h i o l i ,  and a l v e o l i .  
The t r a c h e a l  and b r o n c h i o l a r  c h a n g e s  
w e r e  l e s s  s e v e r e  t h a n  t h o s e  o b s e r v e d  
i n  t h e  n a s a l  p a s s a g e s  and r a n g e d  f rom 
s l i g h t  c e l l u l a r  a t y p i a  a n d  p i l i n g  o f  
c e l l s  t o  f o r m a t i o n  of  s t r a t i f i e d  s q u a -  
mous e p i t h e l i u m  w i t h  k e r a t i n  f o r m a l  
t i o n .  K e r a t i n  f o r m a t i o n  was o b s e r v e d  
i n  o n l y  one  h a m s t e r .  The a l v e o l a r  
c h a n g e s  c o n s i s t e d  m o s t l y  o f  c u b o i d a l  
c e l l s  w i t h  l a r g e  n u c l e i  l i n i n g  t h e  
a l v e o l a r  s p a c e s .  I n  m o s t  h a m s t e r s  
t h e  c e l l u l a r  c h a n g e s  w e r e  f o c a l  a n d  
s c a t t e r e d  t h r o u g h  t h e  l u n g  s e c t i o n s .  
I n  some,  t h e  m e t a p l a s t i c  l e s i o n s  w e r e  
l a r g e  a n d  d i s c r e t e ,  w i t h  and w i t h o u t  
t h e  p r e s e n c e  o f  s t r a t i f i e d  squamous 
e p i t h e l i u m  and k e r a t i n .  T h e r e  was no 
e v i d e n c e  of  v a s c u l a r  i n v a s i o n  o r  c e l -  
l u l a r  c h a n g e s  w h i c h  would  i n d i c a t e  
n e o p l a s i a  i n  t h e s e  l a r g e  l e s i o n s .  
They w e r e  t h e r e f o r e  c l a s s i f i e d  a s  
m e t a p l a s t i c  r a t h e r  t h a n  n e o p l a s t i c .  
The p r e c a n c e r o u s  n a t u r e  o f  t h e s e  
l e s i o n s  i n  h a m s t e r s  h a s  b e e n  e s t a b -  
l i s h e d  i n  p r e c e d i n g  s t u d i e s  by o b s e r -  
v a t i o n  o f  s u c h  c h a n g e s  i n  c o n j u n c t i o n  
w i t h  n e o p l a s i a .  

The r a d o n  d a u g h t e r - p l u s - u r a n i u m -  
o r e  g roup  o f  h a m s t e r s  showed r e s u l t s  
s i m i l a r  t o  t h o s e  s e e n  i n  t h e  r a d o n  
d a u g h t e r  g r o u p  e x c e p t  t h a t  m e t a -  
p l a s t i c  c h a n g e s  were  n e a r l y  a b s e n t  
i n  t h e  n a s a l  and b r o n c h i o l a r  e p i t h e -  
l i u m  and  w e r e  l e s s  p r e v a l e n t  i n  t h e  
t r a c h e a .  T h i s  s t r o n g l y  s u g g e s t s  a n  
a l t e r e d  d e p o s i t i o n  p a t t e r n  o f  r a d o n  
d a u g h t e r s  i n  t h e  p r e s e n c e  o f  o r e  d u s t ;  
i . e . ,  d e e p e r  p e n e t r a t i o n  i n t o  t h e  
parenchyma o f  t h e  l u n g s .  

Mice e x p o s e d  i n  t h e  same chamber  
e x h i b i t e d  l e s s  s e v e r e  c h a n g e s  t h a n  
e i t h e r  r a t s  o r  h a m s t e r s .  The most  
s e v e r e  p a t h o l o g i c  c h a n g e s  o c c u r r e d  i n  
t h e  e p i t h e l i u m  o f  t h e  r e s p i r a t o r y  s y s -  
t e m ,  e s p e c i a l l y  t h a t  o f  t h e  n a s a l  p a s -  
s a g e s  a n d  t u r b i n a t e s .  Those  c h a n g e s  
r a n g e d  f rom v e r y  s l i g h t  squamous m e t a -  
p l a s i a  i n  t h e  r a d o n  d a u g h t e r - p l u s - o r e  
g r o u p  t o  s l i g h t  squamous m e t a p l a s i a  
i n  t h e  r a d o n - d a u g h t e r  m i c e .  

T h i r t e e n  o f  t h e  l a t t e r  mice  h a d  
s m a l l  a r e a s  w i t h  s h e e t s  o f  squamous 
c e l l s  s e v e r a l  l a y e r s  i n  t h i c k n e s s  
accompan ied  by v e r y  s l i g h t  k e r a t i n i -  
z a t i o n  i n  one  o f  t h e s e  a n i m a l s .  
S l i g h t  r h i n i t i s  was p r e s e n t  i n  2 2  o f  
t h e  32  mice  i n  t h e  two e x p o s e d  g r o u p s .  
O t h e r  l e s i o n s  i n  t h e  r e s p i r a t o r y  
t r a c t s  o f  m i c e  i n c l u d e d  l a r y n g e a l ,  
t r a c h e a l ,  and b r o n c h i o l a r . e p i t h e l i a 1  
h y p e r p l a s i a  a n d  squamous m e t a p l a s i a ,  
a s  w e l l  a s  r a d i a t i o n  p n e u m o n i t i s  a n d  
emphysema. The i n c i d e n c e  a n d  d e g r e e  
o f  s e v e r i t y  o f  t h o s e  l e s i o n s  w e r e  l o w ,  
however ,  and no d i f f e r e n c e s  e x i s t e d  
among t h e  t r e a t e d  g r o u p s .  P a t h o l o g i -  
c a l  c h a n g e s  i n  t h e  c o n t r o l  a n i m a l s  
w e r e  r e s t r i c t e d  t o  v e r y  s l i g h t  r e s p i -  
r a t o r y  e p i t h e l i a l  squamous m e t a p l a s i a  
i n  two a n i m a l s  and p e r i b r o n c h i o l a r  
and  p e r i v a s c u l a r  i n f i l t r a t i o n  o f  mono- 
n u c l e a r  i n f l a m m a t o r y  c e l l s .  T h e r e  
was o n e  nonpulmonary n e o p l a s t i c  mass 
i n  a  c o n t r o l  a n i m a l  which  h a s  b e e n  
t e n t a t i v e l y  d i a g n o s e d  a s  a  r e t i c u l u m  
lymphosarcoma o f  t h e  i n t e s t i n a l  t r a c t .  

These  s t u d i e s  i n d i c a t e  t h a t  r a t s  
a n d  h a m s t e r s  a r e  a p p r o p r i a t e  r o d e n t  
mode l s  f o r  d e g e n e r a t i v e  and  p r o l i f e r -  
a t i v e  d i s e a s e s  ( i n c l u d i n g  squamous 
c a r c i n o m a )  o c c u r r i n g  i n  u r a n i u m  
m i n e r s ,  and t h a t  b o t h  s p e c i e s  show 
a p p r o p r i a t e  p a t h o l o g i c  c h a n g e s  r e -  
l a t e d  t o  v a r i a t i o n s  i n  d e p o s i t i o n  a n d  
r e s p o n s e  p a t t e r n s  c a u s e d  by t h e  p r e s -  
e n c e  o f  u r a n i u m  o r e  a s  i t  i s  e n c o u n -  
t e r e d  i n  t h e  m i n e s .  
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Hamste r s  a n d  r a t s  w e r e  e x p o s e d  t o  r a d o n  d a u g h t e r s ,  w i t h  and  

w i t h o u t  c o n c o m i t a n t  u r a n i u m  o r e  d u s t ,  84 h o u r s  p e r  week f o r  

f i v e  m o n t h s .  R e s u l t s  w i l l  b e  compared w i t h  t h o s e  f rom e a r l i e r  

s t u d i e s  t o  e v a l u a t e  d o s e - r a t e  e f f e c t s .  

An e x p e r i m e n t  was c o n d u c t e d  t o  com- 
p a r e  t h e  n a t u r e  and  s e v e r i t y  o f  e f -  
f e c t s  f rom s h o r t - t e r m ,  h i g h - l e v e l  
r a d o n  d a u g h t e r  p r o d u c t  e x p o s u r e s  
w i t h  t h o s e  f r o m  p r o t r a c t e d  l o w e r -  
l e v e l  e x p o s u r e s ,  i n  o r d e r  t o  t e s t  t h e  
v a l i d i t y  o f  t h e  c u r r e n t  a s s u m p t i o n  
t h a t  t o t a l  i n t e g r a t e d  e x p o s u r e  i s  a n  
a d e q u a t e  d e s c r i p t i o n  of l u n g  c a n c e r  
r i s k  i n  u r a n i u m  m i n e r s .  R a t s  and  ham- 
s t e r s  were  e x p o s e d  s i m u l t a n e o u s l y  i n  
g r o u p s  o f  32 a n d  34 ,  r e s p e c t i v e l y ,  
f o r  84 h o u r s  p e r  week t o  a e r o s o l s  c o n -  
s i s t i n g  o f  r a d o n  p l u s  a p p r o x i m a t e l y  
1 2 0 0  Working, L e v e l s  of r a d o n  daugh-  
t e r s ,  w i t h  a n d  w i t h o u t  1 5  mg/m3 c a r -  
n o t i t e  u r a n i u m  o r e  d u s t .  C o n t r o l s  
were  housed  i n  i d e n t i c a l  c a g e s  a n d  
c h a m b e r s ,  b u t  e x p o s e d  t o  room a i r  
o n l y .  E x p o s u r e s  were  s t o p p e d  a f t e r  5  

m o n t h s ,  a t  which  t i m e  t h e  a n i m a l s  had  
r e c e i v e d  a p p r o x i m a t e l y  1 2 , 0 0 0  Working 
L e v e l  Months o f  c u m u l a t i v e  e x p o s u r e  
t o  r a d o n  d a u g h t e r s .  

The a n i m a l s  w i l l  b e  h e l d  f o r  t h e i r  
l i f e  s p a n s  and  r e s u l t s  w i l l  b e  com- 
p a r e d  w i t h  t h o s e  f rom p r e v i o u s  e x p e r i -  
men t s  i n  which  h a m s t e r s  were  e x p o s e d  
f o r  t h e i r  f u l l  l i f e t i m e s  t o  i d e n t i c a l  
r a d o n  d a u g h t e r  a n d  u r a n i u m  o r e  d u s t  
a t m o s p h e r e s ,  b u t  a t  e x p o s u r e  r a t e s  o f  
o n l y  30 h o u r s  p e r  week. P r e v i o u s  
e x p o s u r e s  t o  1200 WL w i t h  a n d  w i t h o u t  
o r e  d u s t  a t  6 h r s / d a y ,  5  days /week  
h a d  no  e f f e c t  on h a m s t e r  l i f e s p a n s .  

F i g u r e s  7 . 2  a n d  7 . 3  show t h e  e f -  
f e c t s  o f  t h e  e x p o s u r e s  on a n i m a l  
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FIGURE 7 . 2 .  Weigh t s  o f  R a t s  Exposed 
t o  Radon D a u g h t e r s ,  Wi th  a n d  Wi thou t  
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FIGURE 7 . 3 .  Weigh t s  o f  H a m s t e r s  Expo- 
s e d  t o  Radon D a u g h t e r s ,  With a n d  With-  
o u t  C o n c o m i t a n t  u r a n i u m  Ore D u s t .  C o n c o m i t a n t  Uranium Ore D u s t .  



w e i g h t s ;  F i g u r c s  7 . 4  and  7 . 5 ,  t h e  e f -  
f e c t s  on t h e i r  s u r v i v a l  t o  d a t e .  For  
h a m s t e r s ,  t h e r e  i s  l i t t l e  o r  no d i f -  
f e r e n c e  among t h c  t h r e c  g r o u p s .  'The 
r a t s ,  h o w e v e r ,  show s i g n i f i c a n t  d i f -  
f e r e n c e s  among t h e  g r o u p s  f o r  b o t h  
p a r a m e t e r s .  The w e i g h t  d a t a  i n d i c a t e  
t h a t  t h e  a d d i t i o n a l  i n s u l t  o f  u r a n i u m  
o r e  d u s t  e n h a n c e s  t h e  e f f e c t  o f  e x p o -  
s u r e  t o  r a d o n  d a u g h t e r s  a l o n e  d u r i n g  
t h e  p e r i o d  of e x p o s u r e ,  b u t  i s  a s s o -  
c i a t e d  w i t h  somewhat l e s s e r  mortality 
o v e r  a  l o n g e r  t i m e  s p a n .  I t c s u l t s  o f  
h i s t o p a t h o l o g i c  e x a n l i ~ i a t i o n  o f  t h e  
r e s p i r a t o r y  t r a c t s  and o t h e r  o r g a n s  
f rom t h e s e  a n i m a l s  may e x p l a i n  t h e s e  
r e s p o i l s e s .  

A l t h o u g h  t h e  e x p e r i m e n t  i s  s t i l l  
i n  p r o g r e s s ,  a  v a r i e t y  o f  p a t h o l o g i -  
c a l  c h a n g e s  h a v e  b e e n  o b s e r v e d ,  n o t a -  
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FIGURE 7 . 4 .  S u r v i v a l  o f  R a t s  Exposed 
t o  Radon D a u g h t e r s ,  With  and  W i t h o u t  
C o n c o m i t a n t  Uranjum Ore  D u s t .  
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b l y  t h e  o c c u r r e n c e  o f  m a l i g n a n t  pu lmo-  
n a r y  n e o p l a s i a  i n  r a t s .  The l u n g  o f  
a  r a t  t h a t  d i e d  426 d a y s  f o l l o w i n g  
t h e  s t a r t  o f  e x p o s u r e  t o  1200 WL o f  
r a d o n  d a u g h t e r s  a n d  1 5  m g / m 3  o f  U - o r e  
d u s t  p r e s e n t e d  t h e  c l a s s i c  a p p e a r a n c e  
o f  squamous c e l l  c a r c i n o m a  a t  n e -  
c r o p s y .  I t  h a s  b e e n  v e r i f i e d  m i c r o -  
s c o p i c a l l y  t o  be  a n  i n v a s i v e  squamous 
c e l l  c a r c i n o m a  w i t h  m e t a s t a s e s  t o  t h e  
h e a r t  and  t r a c h e o b r o n c h i a l  lymph 
n o d e s  ( F i g u r e s  7 . 6  and 7 . 7 )  . 
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An i n v a s i v e  squamous c e l l  c a r c i -  
noma was d i a g n o s e d  i n  t h e  l u n g  o f  a  
s e c o n d  r a t  f rom t h e  g r o u p  e x p o s e d  t o  
a p p r o x i m a t e l y  1 2 , 0 0 0  WLM o f  r a d o n  
d a u g h t e r s  w i t h  c o n c o m i t a n t  u r a n i u m  
o r e  d u s t .  The a n i m a l  h a d  s u r v i v e d  
f o r  445 d a y s  s i n c e  t h e  s t a r t  o f  
e x p o s u r e s .  
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FIGURE 7 . 5 .  S u r v i v a l  o f  H a m s t e r s  
Exposed t o  Radon D a u g h t e r s ,  With  and 
W i t h o u t  C o n c o m i t a n t  Uranium Ore  D u s t .  





INK4LATION HAZARDS TO COAL MINERS 

[COAL AND DIESEL ENGINE EXHAUST) 

P e r s o n  i n  C h a r g e :  B .  0 .  S t u a r t  

T h i s  p r o j e c t  i s  c o n c e r n e d  w i t h  t h e  b i o l o g i c a l  d i s p o s i t i o n  and  e f f e c t s  

o f  p r e s e n t  a n d  p r o j e c t e d  c o a l  mine  a i r  con tam in an:^, w i t h  p a r t i c u l a r  

e m p h a s i s  o n  t h e  e t i o l o g y  o f  t h e  c h r o n i c  r e s p i r a t o r y  d i s e a s e ,  " c o a l  w o r k e r s 1  

p n e u m o c o n i o s i s "  (CWP). Elore t h a n  1 2 0 , 0 0 0  c o a l  w o r k e r s  a r e  e s t i m a t e d  t o  

s u f f e r  f r o m  CWP and o n e - f o u r t h  o f  t h e s e  w i l l  p r o b a b l y  d e v e l o p  c r i p p l i n g  

m a s s i v e  f i b r o s i s .  P a t h o g e n e s i s  i s  c o n t r o v e r s i a l  and t h e r e  i s  l i t t l e  i n  

t h e  way o f  e f f e c t i v e  t r e a t m e n t .  

T h e r e  i s  s t r o n g  i n t e r e s t  i n  p r o m o t i n g  t h e  u s e  o f  d i e s e l  e n g i n e s  f o r  c o a l  

h a n d l i n g  i n  m i n e s  i n  o r d e r  t o  a v o i d  t h e  d i s a s t e r s  o f  f i r e ,  e x p l o s i o n  and  

a s p h y x i a t i o n  c a u s e d  b y  a r c i n g  f r o m  t h e  p r e s e n t l y  u s e d  e l e c t r i c  s y s t e m s .  

Our e x p e r i m e n t s  on u r a n i u m  mine  a i r  c o n t a m i n a n t s  h a v e  shown,  h o w e v e r ,  t h a t  

c h r o n i c  e x p o s u r e  o f  r o d e n t s  t o  e x h a u s t  fumes f rom a n  i n e f f i c i e n t  d i e s e l  

e n g i n e  c a n  p r o d u c e  i n t e r s t i t i a l  f i b r o s i s ,  v e s i c u l a r  emphysema, b r o n c h i o l a r  

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

We w i l l  t h e r e f o r e  s t u d y  t h e  p o s s i b l y  s y n e r g i s t i c  e f f e c t s  o f  d i e s e l  e x h a u s t  

t o g e t h e r  w i t h  o t h e r  c o a l  mine  a i r  c o n t a m i n a n t s .  

The p a t h o g e n e s i s  o f  c o a l - i n d u c e d  r e s p i r a t o r y  d i s e a s e s  w i l l  be  i n v e s t i g a t e d  

i n  h a m s t e r s  and r a t s ,  e x p o s e d  6 h r / d a y ,  5 d a y s / w e e k ,  f o r  t h e i r  l i f e t i m e s ,  t o  

a e r o s o l s  p r e p a r e d  f r o m  s e l e c t e d  c o a l s .  P a r a l l e l  g r o u p s  w i l l  be  s i m i l a r l y  e x -  

p o s e d  t o  a e r o s o l s  o f  c o a l  d u s t  mixed w i t h  d i e s e l - e n g i n e  e x h a u s t .  D e t a i l e d  

o r g a n i c  and  p h y s i c o c h e m i c a l  a n a l y s e s  f o r  s p e c i f i c  g a s - a e r o s o l  c o n s t i t u e n t s  

( c o m p o s i t i o n ,  p a r t i c l e  s p e c t r u m ,  a e r o s o l  b e h a v i o r )  w i l l  b e  c a r r i e d  o u t  t o  

c o r r e l a t e  w i t h  t h e  d e v e l o p i n g  p a t h o l o g y ,  a s  o b s e r v e d  i n  a n i m a l s  s a c r i f i c e d  

a t  i n t e r v a l s  d u r i n g  t h e  c o u r s e  o f  t h e  e x p o s u r e .  L i m i t e d  c o n f i r m a t o r y  s t u d -  

i e s  i n  a  l a r g e r ,  l o n g - l i v e d  e x p e r i m e n t a l  a n i m a l  w i l l  b e  l a t e r  i n i t i a t e d  t o  

a i d  i n  t h e  e x t r a p o l a t i o n  o f  d o s e - e f f e c t  r e l a t i o n s h i p s  t o  man. 

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1976  a n d  r e p o r t a b l e  r e s u l t s  a r e  

n o t  y e t  a v a i l a b l e .  



TOXICOLOGY OF TRITIUM AND THE NOBLE GASES 

P e r s o n  i n  C h a r g e :  J .  E.  B a l l o u  

T h i s  p r o j e c t  i s  c o n c e r n e d  w i t h  e v a l u a t i n g  t h e  b i o l o g i c a l  h a z a r d  o f  e x p o -  

s u r e  t o  e l e m e n t a l  t r i t i u m  and  k r y p t o n - 8 5  by s t u d y i n g  e f f e c t s  i n  l a b o r a t o r y  

a n i m a l s .  P r e s e n t  a s s e s s m e n t  o f  t h e  h a z a r d  f r o m  t h e s e  r a d i o a c t i v e  g a s e s  i s  

b a s e d  o n  r a d i a t i o n  d o s e  c a l c u l a t i o n s  which  d e r i v e  l a r g e l y  f r o m  p h y s i c a l ,  

r a t h e r  t h a n  b i o l o g i c a 1 , d a t a .  Wi th  c o n t i n u i n g  e x p a n s i o n  o f  t h e  n u c l e a r  i n d u s -  

t r y  and  t h e  p l a n n e d  d e v e l o p m e n t  o f  f u s i o n  t e c h n o l o g y ,  i t  i s  c r i t i c a l l y  i m p o r -  

t a n t  t h a t  b i o l o g i c a l  e f f e c t s  d a t a  b e  o b t a i n e d  t o  s u p p o r t  t h e s e  h a z a r d  e s t i -  

m a t e s .  I t  h a s  b e e n  p r e d i c t e d ,  f o r  e x a m p l e ,  t h a t  n u c l e a r  power e x p a n s i o n  may 

u l t i m a t e l y  b e  l i m i t e d  by t h e  c a p a c i t y  o f  t h e  e n v i r o n m e n t  t o  s a f e l y  a b s o r b  

and  d i l u t e  t h e  r a d i o a c t i v e  g a s e o u s  e f f l u e n t s .  T r i t i u m  and k r y p t o n - 8 5  a r e  

t h e  m a j o r  l o n g - l i v e d  ( h a l f - l i f e  1 2 . 3  a n d  1 0 . 4  y e a r s ,  r e s p e c t i v e l y )  r a d i o -  

a c t i v e  g a s e s  a s s o c i a t e d  w i t h  t h e  n u c l e a r  f u e l  c y c l e .  

The p r o p o s e d  work i s  d i v i d e d  i n t o  t h r e e  c h r o n o l o g i c a l  c a t e g o r i e s .  I n  

C a t e g o r y  I  a r e  e f f o r t s  t o  d e v e l o p  t e c h n i q u e s  f o r  g a s  a t m o s p h e r e  e x p o s u r e s ,  

a n a l y t i c a l  c a p a b i l i t i e s ,  r a d i a t i o n  d o s i m e t r y ,  a n d  t o  d e s i g n  a n d  c o n s t r u c t  

e x p o s u r e  c h a m b e r s .  C a t e g o r y  I 1  i n c l u d e s  s h o r t - t e r m  e x p o s u r e  s t u d i e s  w i t h  

8 5 K r ,  a n d ,  l a t e r ,  w i t h  3 ~ ,  when a  t r i t i u m  e f f l u e n t  c l e a n u p  s y s t e m  i s  i n  

p l a c e .  A  m a j o r  e a r l y  e f f o r t  w i l l  i n v e s t i g a t e  t r a n s f e r  k i n e t i c s  o f  85Kr 

a c r o s s  t h e  l u n g  and  i n t o  t h e  f e t u s ,  s i n c e  t h e  m a j o r  r o u t e  o f  e n t r y  i s  v i a  

i n h a l a t i o n ,  a n d  t h e  mos t  r a d i o s e n s i t i v e  p a r t  o f  t h e  g e n e r a l  p o p u l a t i o n  w i l l  

p r o b a b l y  be  t h e  f e t u s .  A c u t e  e x p o s u r e  e f f e c t s  on l u n g  b i o c h e m i s t r y ,  pulmo-  

n a r y  p h y s i o l o g i c  f u n c t i o n  a n d  h e m a t o l o g y  w i l l  a l s o  b e  i n v e s t i g a t e d .  C a t e g o r y  

I 1 1  w i l l  i n c l u d e  s t u d i e s  o f  t h e  l o n g - t e r m  b i o l o g i c a l  e f f e c t s  i n  r a t s  a n d  

d o g s  f o l l o w i n g  c h r o n i c  e x p o s u r e  t o  8 5 K r  o r  3~ g a s  a t m o s p h e r e s .  The t u m o r i -  

g e n i c i t y  o f  8 5 K r  a n d  3~ a t m o s p h e r e s  a f t e r  w h o l e - b o d y  a n d  n o s e - o n l y  e x p o -  

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

b e e n  o b t a i n e d  f o r  o t h e r  r a d i o n u c l i d e s .  

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1 9 7 6 .  C a t e g o r y  I  s t u d i e s  h a v e  b e e n  

i n i t i a t e d  b u t  r e p o r t a b l e  r e s u l t s  a r e  n o t  y e t  a v a i l a b l e .  



DELAYED EFFECTS OF EXPOSURE TO ACID AEROSOLS 

Person  i n  Charge: J .  E .  Ba l lou  

Th i s  p r o j e c t  i s  an outgrowth  of e a r l i e r  i n v e s t i g a t i o n s  of t h e  t o x i c i t y  of 

i n h a l e d  s o l u b l e  n i t r a t e  forms of p lu tonium and t h e  t r a n s p l u t o n i u m  e l emen t s .  

In t h e s e  s t u d i e s ,  c o n t r o l  r a t s ,  exposed on ly  t o  t h e  a e r o s o l i z e d  0.27 N n i t r i c  

a c i d ,  developed a  s i g n i f i c a n t  number of o s t eosa rcomas :  a t  l e a s t  a  4 %  i n c i -  

dence compared t o  a  spontaneous  i n c i d e n c e  i n  t h e  Wis t a r  r a t  of < 0 . 1 % .  To 

ou r  knowledge, t h i s  was t h e  f i r s t  o b s e r v a t i o n  of os teosarcoma i n d u c t i o n  by 

i n h a l e d  n i t r i c  a c i d .  

S i n c e  a c i d  a e r o s o l s  a r e  w e l l  known c o n s t i t u t e n t s  of  i n d u s t r i a l  a tmospheres  

and e f f l u e n t s ,  i n c l u d i n g  t h o s e  of t h e  n u c l e a r  i n d u s t r y ,  i t  i s  impor t an t  t o  

a c q u i r e  a d d i t i o n a l  i n f o r m a t i o n  on t h e i r  c a r c i n o g e n i c i t y .  A c o n s i s t e n t  f i n d -  

i n g  of  bone tumors r a t h e r  than  lung  tumors ,  a f t e r  a c i d  i n h a l a t i o n ,  might  

a l s o  l e a d  t o  a  b e t t e r  unde r s t and ing  of t h e  mechanism of bone tumor i n d u c t i o n .  

~ r o j ' e c t e d  exper iments  w i l l  d e t e rmine  t h e  l ong - t e rm b i o l o g i c a l  e f f e c t s  

f o l l o w i n g  i n h a l a t i o n  of commonly employed m i n e r a l  a c i d s  i n c l u d i n g  n i t r i c ,  

s u l f u r i c  and h y d r o c h l o r i c  a c i d .  The s t u d i e s  w i l l  i n v o l v e  both  s i n g l e  and 

m u l t i p l e  exposures  t o  a e r o s o l  c o n c e n t r a t i o n s  r ang ing  from t h e  t h r e s h o l d  

l i m i t  v a l u e  t o  c o n c e n t r a t i o n s  app rox ima te ly  200 t imes  t h i s  l e v e l .  Wis t a r  

r a t s  w i l l  be u t i l i z e d  i n i t i a l l y ;  however, dogs may be employed i n  l a t e r  s t u d -  

i e s  i f  t h e  r a t  d a t a  s u g g e s t  t h a t  exper iments  w i t h  a  l o n g e r - l i v e d  s p e c i e s  a r e  

d e s i r a b l e .  

Th i s  p r o j e c t  was f i r s t  funded i n  FY 1976 and no r e s u l t s  from newly i n i t i -  

a t e d  exper iments  a r e  a s  y e t  a v a i l a b l e .  



D E L A Y E D  EFFECTS OF INHALED NITRIC ACID AEROSOLS 

IN THE RAT: PRELIMINARY STUDIES 

I n v e s t i g a t o r s :  

J .  E .  B a l l o u ,  G .  E .  D a g l e ,  and  K .  E. McDonald 

T e c h n i c a l  A s s i s t a n c e :  

R .  A .  G i e s  

R a t s  t h a t  i n h a l e d  t r a n s u r a n i  c  n i -  
t r a t e  a e r o s o l s  i n  a  s t u d y  of  t h e  t o x i -  
c o l o g y  of " s o l u b l e "  forms o f  t h e s e  
e l e m e n t s  were  s i m u l t a n e o u s l y  e x p o s e d  
t o  a e r o s o l s  o f  t h e  s u s p e n d i n g  s o l u -  
t i o n ,  0.27N n i t r i c  a c i d .  Because  of  
t h e  w e l l  known a c u t e  t o x i c i t y  o f  min-  
e r a l  a c i d s ,  " t r e a t e d  c o n t r o l "  g r o u p s  
e x p o s e d  t o  n i t r i c  a c i d  a l o n e  were  
added t o  t h i s  s t u d y ,  a l o n g  w i t h  o t h e r  
p e r t u r b a t i o n s  shown i n  T a b l e  1 0 . 1 .  

A l t h o u g h  t h e  e x p e r i m e n t  o u t  l i n e d  
i n  T a b l e  1 0 . 1  i s  n o t  c o m p l e t e ,  i t  
seems c l e a r  t h a t  e x p o s u r e  t o  n i t r i c  
a c i d  i s  a s s o c i a t e d  w i t 1 1  t h e  f i n d i n g  
o f  bone tumors  i n  t h e s e  a n i m a l s .  
O t h e r  r a t s ,  e x p o s e d  t o  low l e v e l s  o f  
i n h a l e d  P u ( N 0 3 ) ,  a n d  a c c u m u l a t i n g  r a -  
d i a t i o n  d o s e s  t o  s k e l e t o n  o f  o n l y  a  
few r a d s ,  showed one o s t e o s a r c o m a  i n  
t h e  79 r a t s  t h u s  f a r  examined .  The 
s p o n t a n e o u s  i n c i d e n c e  o f  o s  t e o s a r c o -  
mas i n  t h e  W i s t a r  r a t  i s  e x t r e m e l y  
low, p r o b a b l y  ~ 0 . 1 % .  

The f i n d i n g  o f  bone tumors  a f t e r  
i n h a l a t i o n  o f  n i t r i c  a c i d  came a s  a  
s u r p r i s e ,  a l t h o u g h  o t h e r s  h a v e  ob-  
s e r v e d  p r i m a r y  lung  tumors  when t h i s  

a g e n t  was i n h a l e d .  The r e l a t i v e l y  
m i l d  t r e a t m e n t  t h a t  p r o d u c e d  t h e  b o n e  
t u m o r s  [ 3 0 - m i n u t e  e x p o s u r e s  a t  a p -  
p r o x i m a t e l y  7  X T h r e s h o l d  L i m i t  V a l u e  
(TLV)] c a u t i o n s  a g a i n s t  a n y  u n n e c e s -  
s a r y  e x p o s u r e s  t o  a e r o s o l i z e d  n i t r i c  
a c i d .  

TABLE 1 0 . 1 .  E f f e c t  o f  I n h a l e d  N i t r i c  
Acid  on Bone Tumor I n c i d e n c e  i n  R a t s .  

MEDIAN 
NUMBER SURVIVAL NUMBER OF 

AEROSOL TREATMENT OF RATS TIME, days OSTEOSARCOMAS -- -- 

N I T R I C  A C I D ~ ~ '  100 795 4158 

NITRIC ACID l a ' +  Ca-DTPAibl 68 732 1157 

N I T R I C  A C I D  la'+ SHAMC~-DIPA IC' 3 0  712 1127 

NONTREATED + SHAM Ca-DTPA "' 3 0  665 0128 

NONTREATED CONTROL 100 7 f f i  0198 

la1 30-MINUTE EXPOSURE TO A N l T R l C  ACID ATMOSPHERE APPROXIMATELY 7 TIMES 
THE TLV OF 5 mgirn3. 

Ib) 6 WEEKLY, I-HOUR LXPOSURES TO AN AIROSOLIZED CHELATING AGENT CALCIUM 
TRISOOIUM DIETHYLENETRIAMINEPENTAACETATE ICa-DTPAI STARTING 20 DAYS 
AFTER NITRIC A C l D  INHALATION. RATS DEPOSITED 3 mg Ca-DTPA PER TREATMENT 

kI THE SHAM Ca-DTPA EXPOSURES SIMULATED THE S I X  WEEKLY CHELATE EXPOSURES. 
USING ROOM A I R  I N  PLACEOF Ca-DTPA AEROSOL. 



TOXICOLOGY OF INHALED BERYLLIUM COMPOUNDS 

P e r s o n  i n  C h a r g e :  C .  L .  S a n d e r s  

B e r y l l i u m  compounds,  p a r t i c u l a r l y  b e r y l l i u m  o x i d e ,  c o n s t i t u t e  a  p o t e n t i a l  

t o x i c o l o g i c a l  p rob lem i n  many o f  t h e i r  a p p l i c a t i o n s .  T h i s  p r o j e c t  i s  c o n -  

c e r n e d  w i t h  t h e  r e t e n t i o n  and t r a n s l o c a t i o n  o f  i n h a l e d  b e r y l l i u m  o x i d e  and 

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

and e x t r a p u l m o n a r y  t i s s u e .  

T h i s  p r o j e c t  was u n d e r t a k e n  a t  t h e  b e h e s t  o f  t h e  t h e n  D i v i s i o n  o f  B i o l o g y  

and M e d i c i n e  o f  t h e  USAEC and  f u n d e d  f o r  t h e  p e r i o d  FY 1973  t o  FY 1 9 7 5 .  The 

p r o j e c t  i s  now t e r m i n a t e d .  

PUBLICATIONS SINCE 1973  

S a n d e r s ,  C .  L . ,  W .  C .  Cannon, 
G .  J .  Powers ,  and  R .  R .  Adee.  1 9 7 4 .  
T o x i c o l o g y  o f  I n h a l e d  Low-Fi red  and 
H i g h - F i r e d  B e r y l l i u m  O x i d e s  i n  t h e  
R a t  and H a m s t e r ,  BNWL-1818, B a t t e l l e -  
N o r t h w e s t ,  R i c h l a n d ,  WA. 

S a n d e r s ,  C .  L . ,  W. C .  Cannon, 
G .  J .  Powers ,  R .  R .  Adee,  and 
D .  M .  M e i e r .  1 9 7 5 .  T o x i c o l o g y  o f  
i n h a l e d  h i g h - f i r e d  Be0 i n  r o d e n t s .  
I .  Metabo l i sm and e a r l y  e f f e c t s .  
Arch .  E n v i r o n .  H e a l t h  3 0 ,  546-551 .  



INHALATION TOXICOLOGY OF BERYLLIUM OXIDE IN RATS 

I n v e s t i g a t o r :  

C .  L .  S a n d e r s  

T e c h n i c a l  A s s i s t a n c e :  

D .  M .  M e i e r  

Male o r  f e m a l e  W i s t a r  r a t s  g i v e n  s i n g l e ,  n o s e - o n l y  e x p o s u r e s  

t o  b e r y l l i u m  o x i d e  d e v e l o p e d  g r a n u l o m a t o u s  l e s i o n s  i n  t h e i r  

l u n g s  which  i n c r e a s e d  i n '  i n c i d e n c e  and s e v e r i t y  w i t h  i n c r e a s i n g  

amount of d e p o s i t e d  b e r y l l i u m .  Two c a r c i n o m a s  i n  t h e  l u n g  and 

two hepa tomas  were  s e e n  i n  325 r a t s  e x p o s e d  t o  b e r y l l i u m ;  none 

o f  t h e s e  tumor  t y p e s  were  s e e n  i n  164 unexposed  r a t s .  

T h i s  r e p o r t  d e s c r i b e d  t h e  p a t h o -  
l o g i c a l  e f f e c t s  of  b e r y l l i u m  o x i d e  
i n  r a t s  u p  t o  23 months  a f t e r  e x p o -  
s u r e ,  a t  w h i c h  t i m e  t h e  s t u d y  was 
t e r m i n a t e d .  

A t o t a l  o f  184  f e m a l e  W i s t a r  r a t s  
and 1 4 1  male  W i s t a r  r a t s  w e r e  e x p o s e d ,  
n o s e - o n l y ,  a t  70 d a y s  o f  a g e ,  t o  one  
o f  t h r e e  l e v e l s  of  b e r y l l i u m  o x i d e  
c a l c i n e d  a t  1000°C.  I n i t i a l  a v e o l a r  
d e p o s i t i o n s  o f  d e p o s i t e d  b e r y l l i u m ,  
a s  e s t i m a t e d  f rom a n i m a l s  s a c r i f i c e d  
a t  one  d a y  p o s t e x p o s u r e ,  r a n g e d  f r o m  
1 - 2  p g ,  1 2 - 1 8  pg and  57-109  p g ,  i n  
t h e  t h r e e  e x p o s u r e  g r o u p s .  T i s s u e  
l e v e l s  o f  b e r y l l i u m  w e r e  d e t e r m i n e d  
b y  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y .  
Unexposed c o n t r o l  r a t s  numbered 80 
f e m a l e s  and  84 m a l e s .  The s t u d y  was 
t e r m i n a t e d  a t  645 t o  662 d a y s  p o s t -  
e x p o s u r e  ( T a b l e  1 1 . 1 )  . 

M o d e r a t e l y  d e v e l o p e d  g r a n u l o m a t o u s  
l e s i o n s  w e r e  s e e n  i n  t h e  l u n g s  a t  
8 - 1 2  months  a f t e r  e x p o s u r e  t o  b e r y l -  
l i u m .  These  l e s i o n s  c o n s i s t e d  o f  
f o c a l  a c c u m u l a t i o n s  o f  h i s t i o c y t e s  
o r  m a c r o p h a g e s ,  o f t e n  c o n t a i n i n g  d u s t  
p a r t i c l e s .  T h e s e  c e l l s  were  u s u a l l y  
found  a g g r e g a t e d  i n  s u b p l e u r a l  o r  
p e r i b r o n c h i o l a r  r e g i o n s  o f  t h e  l u n g .  

I n f l a m m a t o r y  lymphoid c e l l  a c c u m u l a -  
t i o n ,  a l v e o l a r  i n t e r s t i t i a l  f i b r o s i s  
and  e p i t h e l i a l  h y p e r p l a s i a  o f  t h e  
s e p t a  o c c u r r e d  i n  more a d v a n c e d  
l e s i o n s .  T h e s e  l e s i o n s ,  a s  o b s e r v e d  
a t  t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t s ,  
were  g r a d e d  a c c o r d i n g  t o  number o f  
l u n g  l o b e s  i n v o l v e d  ( T a b l e  1 1 . 1 )  . 

M i l d  f o r m s  o f  g r a n u l o m a t o u s  
l e s i o n s  w e r e  s e e n  i n  unexposed  W i s t a r  
r a t  l u n g s .  T h e r e  a p p e a r e d  t o  b e  a  
t r e n d  t o w a r d  i n c r e a s i n g  s e v e r i t y  o f  
g r a n u l o m a t o u s  l e s i o n s  w i t h  i n c r e a s i n g  
amount o f  d e p o s i t e d  b e r y l l i u m ,  w i t h  
no d i f f e r e n c e  b e i n g  s e e n  b e t w e e n  male  
and f e m a l e .  The mos t  s e v e r e  l e s i o n s  
were  c o n f i n e d  t o  r a t s  r e c e i v i n g  t h e  
h i g h e s t  amounts  o f  d e p o s i t e d  b e r y l -  
l i u m  ( T a b l e  1 1 . 1 )  . 

Of t h e  t o t a l  o f  489 r a t s ,  o n l y  16 
d e v e l o p e d  m a l i g n a n t  t u m o r s .  No s t a -  
t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
w e r e  s e e n  b e t w e e n  any  o f  t h e  g r o u p s  
and t h e  c o n t r o l s  w i t h  r e s p e c t  t o  t h e  
i n d u c t i o n  o f  m a l i g n a n t  t u m o r s ,  a s  a  
f u n c t i o n  o f  s e x .  The i n c i d e n c e  o f  
a l l  m a l i g n a n t  t u m o r s  i n  ma le  r a t s  
( 1 3 / 1 4 1 ) ,  i r r e s p e c t i v e  o f  t r e a t m e n t ,  
was h i g h e r  t h a n  f o r  f e m a l e  r a t s  
( 3 / 1 8 4 ) .  Two r a r e l y  o b s e r v e d  tumor  



TABLE 11.1. E x p e r i m e n t a l  D e s i g n  and  R e s u l t s  o f  Be0 
I n h a l a t i o n  S t u d y  i n  R a t s .  

DEGREE OF SEVERITY OF PULMONARY 

INITIAL  ALVEOLAR'^' 
DEPOSITION, v g  NUMBER OF 

RATS " BERYLLIUM 

0 80 1501 

a 9  t a 3  61 (301 

1 6 2 t 1 5 . 0  651431 

57.3 17.2 58 1291 

0 84 1201 

2 0  * a 7  46 1121 

12.3 ? 11.3 43 1181 

109 i 5 8 0  52 (161 

SEX 

FEMALE 

FEMALE 

FEMALE 

FEMALE 

MALE 

MALE 

M A E  

MALE 

GRANULOMATWS LESIONS. AS %OF RATS 
K I  LED AT TERMINATION OF EXPERIMENTI~J 

TIME.  

MEAN ?STANDARD DEVIATION 

NUMBER I N  PARENTHESIS INDICATES RATS ALIVE AT TERMINATION OF EXPERIMENT 

DEGREE OF SEVERITY: 

0 NONE OR M I N I M A L  RESPONSE 

+ FOCAL LESIONS I N  ONE OR TWO LOBES 

++ FOCAL LESIONS I N  MORE THAN TWO LOBES; WIDESPREAD LESIONS I N  LESS 
THAN TWO LOBES 

+++ WIDESPREAD LESIONS THROUGHOUT MOST LOBES 

t y p e s  were  s e e n  i n  e x p o s e d  r a t s  
w h i c h  w e r e  n o t  s e e n  i n  u n e x p o s e d  r a t s :  
l u n g  c a r c i n o m a  a n d  h e p a t o m a .  Two o f  
e a c h  o f  t h e s e  tumor  t y p e s  w e r e  s e e n ;  
t h r e e  w e r e  i n  m a l e s  a n d  o n e  i n  a  
f e m a l e ;  t h r e e  w e r e  s e e n  i n  t h e  h i g h -  
e s t  d o s e  g r o u p s .  A l t h o u g h  n o t  s e e n  
i n  s t a t i s t i c a l l y  s i g n i f i c a n t  n u m b e r s ,  
t h e  r a r i t y  w i t h  w h i c h  t h e s e  t u m o r s  
a r e  s e e n  i n  u n e x p o s e d  r a t s  s u g g e s t s  
t h a t  b e r y l l i u m  may h a v e  b e e n  i n v o l v e d  
i n  t h e i r  i n d u c t i o n .  

I n  c o n t r a s t  t o  s o l u b l e  b e r y l l i u m  
compounds ,  i n s o l u b l e  h i g h - f i r e d  b e r y l -  
l i u m  o x i d e  i s  o n l y  m a r g i n a l l y  c a r c i n -  
o g e n i c  i n  t h e  l u n g  o f  r a t s ,  e v e n  
t h o u g h  t h e r e  i s  a  s u b s t a n t i a l ,  
m a c r o p h a g e - r e l a t e d  g r a n u l o m a t o u s  
e f f e c t .  The d e p o s i t i o n  o f  h i g h - f i r e d  
b e r y l l i u m  o x i d e  may s i g n i f i c a n t l y  
i n f l u e n c e  t h e  f a t e  a n d  e f f e c t s  o f  
o t h e r ,  s t r o n g e r  p u l m o n a r y  c a r c i n o g e n s ,  
p a r t i c u l a r l y  t h o s e  whose p a t h o g e n e s i s  
i s  l i n k e d  t o  t h e  a l v e o l a r  macrophage  
c l e a r a n c e  mechan i sm.  



INTERNAL EMITTER HAZARDS OF THE THORIUM FUEL CYCLE 

P e r s o n  i n  C h a r g e :  J .  E .  B a l l o u  

T h i s  p r o j e c t  w i l l  i n v e s t i g a t e  t h e  s p e c i a l  h a z a r d s  a s s o c i a t e d  w i t h  t h e  

u r a n i u m - t h o r i u m  b r e e d e r  r e a c t o r ;  i n  p a r t i c u l a r  t h e  mixed U-Th o x i d e  f u e l s ,  

t h e  n i t r i c  a c i d  p r o c e s s  s o l u t i o n s  o f  t h e s e  f u e l s ,  t h e  h i g h  s p e c i f i c - a c t i v i t y  

u r a n i u m  i s o t o p e s  and  t h e  r a d i o a c t i v e  d e c a y  p r o d u c t s  u n i q u e  t o  t h e  t h o r i u m  

f u e l  c y c l e .  A l t h o u g h  b i o l o g i c a l  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  many o f  t h e  

i ~ n d i v i d i ~ a l  r a d i o n u c l . i d e s  o f  i n t e r e s t ,  t h e r e  i s  l i t t l e  i n f o r m a t i o n  on t h e  

m i x t u r e s  o f  r a d i o a c t i v e  e l e m e n t s  t h a t  w i l l  r e s u l t  f rom t h i s  f u e l  c y c l e .  

P r e l i m i n a r y  t o  b i o l o g i c a l  s t u d i e s ,  i t  w i l l  b e  n e c e s s a r y  t o  i d e n t i f y  t h e  

mos t  p r o b a b l e  f u e l  e l e m e n t  m a t r i c e s  and  t h e  p o t e n t i a l  r a d i o a c t i v e  p o l l u t a n t s  

t h a t  may r e s u l t  f rom t h e i r  i r r a d i a t i o n  and  p r o c e s s i n g .  A m a j o r  e f f o r t  w i l l  

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

r a d i o n u c l i d e s  i n  t h e s e  complex m i x t u r e s .  Of p a r t i c u l a r  h a z a r d  c o n c e r n  w i l l  

b e  t h e  d e t e r m i n a t i o n  o f  2 3 2 ~  and  i t s  d a u g h t e r  p r o d u c t s ,  t h e  2 2 8 ~ h  d e c a y  

s e r i e s ,  which  c o n s t i t u t e  m a j o r  c o n t a m i n a n t s  o f  t h e  b r e e d e r - p r o d u c e d  f i s s i l e  

2 3 3 ~ .  

A s  s o o n  a s  a n a l y t i c a l  t e c h n i q u e s  a r e  d e v e l o p e d ,  b i o l o g i c a l  s t u d i e s  w i l l  

be  i n i t i a t e d  w i t h  2 3 2 ~  and  t h e  mixed o x i d e  f u e l  m a t e r i a l s .  These  i n i t i a l  

s t u d i e s  w i l l  b e  r e l e v a n t  t o  p r o b l e m s  t h a t  may be  a n t i c i p a t e d  t o  a r i s e  i n  t h e  

p r o t e c t i o n  o f  o c c u p a t i o n a l l y  e x p o s e d  w o r k e r s  i n  t h e  n u c l e a r  i n d u s t r y .  G a s t r o -  

i n t e s t i n a l  a b s o r p t i o n ,  s k i n  a b s o r p t i o n  and d e c o n t a m i n a t i o n ,  wound a b s o r p t i o n ,  

d e c o r p o r a t i o n  t h e r a p y ,  and r e t e n t i o n  and d i s t r i b u t i o n  k i n e t i c s  f o r  t h e  s e v e r a l  

modes o f  e x p o s u r e  w i l l  b e  among t h e  f a c t o r s  i n v e s t i g a t e d .  S t u d i e s  o f  l o n g -  

term b i o l o g i c a l  e f f e c t s  i n  r a t s ,  and  p o s s i b l y  i n  b e a g l e  d o g s ,  w i l l  be  u n d e r -  

t a k e n  f o r  c o m p a r i s o n  w i t h  s i m i l a r  s t u d i e s  on t h e  t r a n s u r a n i c  e l e m e n t s .  S i n c e  

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

w i l l  a l s o  b e  made o f  t h e i r  t o x i c i t y  a s  a  f u n c t i o n  o f  a n i m a l  a g e ,  o f  t h e i r  

t r a n s f e r  a c r o s s  t h e  p l a c e n t a ,  and  t h e i r  t e r a t o g e n i c  p o t e n c y .  The p o s s i b i l i t y  

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

w i l l  be i n v e s t i g a t e d  a s  p a r t  o f  t h e  o v e r a l l  h e a l t h - s a f e t y  e v a l u a t i o n  o f  t h e  

t h o r i u m  f u e l  c y c l e .  

The t o t a l  e v a l u a t i o n  o f  i n t e r n a l  e m i t t e r  h a z a r d s  o f  t h e  t h o r i u m  f u e l  c y c l e  

i s  o b v i o u s l y  beyond t h e  s c o p e  o f  any s i n g l e  p r o j e c t  i n  any  s i n g l e  l a b o r a t o r y ,  



and w i l l  r e q u i r e  e f f o r t s  e x t e n d i n g  o v e r  many y e a r s .  I t  i s  t h e  l i m i t e d  o b j e c -  

t i v e  o f  t h i s  p r o j e c t  t o  p e r f o r m  s h o r t - t e r m  s t u d i e s  t h a t  w i l l  d e f i n e  t h e  

s p e c i f i c  a r e a s  r e q u i r i n g  more i n t e n s i v e  s t u d y ,  and t o  i n i t i a t e  some o b v i o u s l y  

d e s i r a b l e  l o n g - t e r m  s t u d i e s  s o  t h a t  r e s u l t s  may be a v a i l a b l e  a t  t h e  e a r l i e s t  

p o s s i b l e  moment. 

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1 9 7 6 .  E f f o r t s  a r e  underway ,  p a r t i c u -  

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

y e t  a v a i l a b l e .  



TOXICOLOGY OF RADIONUCLIDES IN FETAL AND JUVENILE MAMMALS 

Pe r son  i n  Charge:  M .  R .  Sikov 

Many o f  t h e  b i o l o g i c a l  pa r ame te r s  u sed  t o  c a l c u l a t e  p e r m i s s i b l e  l e v e l s  o f  

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

growing i n f a n t  o r  c h i l d  o r  f o r  t h e  p r egnan t  f ema le .  These d i f f e r e n c e s ,  when 

c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  t h e  g r e a t e r  i n t r i n s i c  r a d i o s e n s i t i v i t y  o f  t h e  

immature organism,  emphasize t h e  need f o r  more d e t a i l e d  i n f o r m a t i o n  on t h e  

metabol i sm and t o x i c i t y  of  r a d i o n u c l i d e s  i n  t h e  p r e n a t a l  and j u v e n i l e  mammal. 

The aim o f  t h i s  p r o j e c t  ha s  t h e r e f o r e  been t o  o b t a i n  such  q u a n t i t a t i v e  d a t a .  

P a s t  e f f o r t s  have i n c l u d e d  s t u d i e s  of  t h e  metabol i sm of 1311 ,  1 3 7 C ~ ,  

1 4 4 ~ e ,  and 2 3 9 ~ u ,  r e l a t i v e  t o  a g e ,  and t o  a  v a r i e t y  o f  n u t r i t i o n a l  and b i o -  

chemica l  f a c t o r s .  P r e n a t a l  and n e o n a t a l  r a t s  were shown t o  be more s e n s i t i v e  

t h a n  wean l ings  o r  a d u l t s  t o  l 3 l I  impairment  of t h y r o i d  f u n c t i o n  and t o  c a r c i n o -  

gen i c  e f f e c t s .  The metabol i sm and subacu t e  t o x i c i t y  o f  i n t r a v e n o u s l y  i n j e c -  

t e d  2 3 9 P ~  i n  newborn, wean l ing ,  and a d u l t  r a t s  showed p a t t e r n s  un ique  t o  

each  a g e ;  s t u d i e s  o f  l ong - t e rm  e f f e c t s  a t  lower dose  l e v e l s  a r e  n e a r i n g  

c o m p l e t i o n - - a  major  e f f o r t  i s  c u r r e n t l y  d i r e c t e d  toward comple t ing  h i s t o p a t h o -  

l o g i c  e v a l u a t i o n  and d a t a  a n a l y s i s .  The metabol ism of  i n t r a v e n o u s l y  i n j e c t e d  

2 4 1 A m  and 2 5 3 E s  has  a l s o  been s t u d i e d  a s  a  f u n c t i o n  o f  a g e ,  and a c u t e  t o x i -  

c i t y  e v a l u a t e d  f o r  t h e  l a t t e r  r a d i o n u c l i d e .  

The c r o s s - p l a c e n t a l  t r a n s f e r  of  2 3 9 P ~ ,  i t s  d i s t r i b u t i o n  i n  t h e  f e t o -  

p l a c e n t a l  u n i t ,  and i t s  e f f e c t s  on development  have been s t u d i e d  i n  d e t a i l .  

To p rov ide  a  b a s i s  f o r  e x t r a p o l a t i o n  t o  man, we a r e  c u r r e n t l y  e x p l o r i n g  t h e  

f a c t o r s  c o n t r o l l i n g  t r a n s p l a c e n t a l  pa s sage  and f e t o p l a c e n t a l  d i s t r i b u t i o n  i n  

s e v e r a l  s p e c i e s ,  i n c l u d i n g  subhuman p r i m a t e s .  Because p r e n a t a l  exposure  t o  

p lu ton ium r e s u l t s  i n  a  r e l a t i v e l y  h i g h  r a d i a t i o n  dose  t o  t h e  y o l k  s a c ,  where 

p r i m i t i v e  c e l l s  o f  t h e  gonads and t h e  hema to log i c  sys tem o r i g i n a t e ,  we a r e  

i n v e s t i g a t i n g  t h e  p o s t n a t a l  s e q u e l a e  of  p r e n a t a l  exposu re .  Organ c u l t u r e  

t e chn iques  a r e  be ing  used  t o  s t u d y  embryotoxic  e f f e c t s ,  i n c l u d i n g  t h e  e f f e c t s  

of  s i n g l e  p a r t i c l e s  o f  p lu ton ium o x i d e .  

S t u d i e s  were r e c e n t l y  begun on t h e  i n h a l a t i o n  o f  2 3 9 P ~ 0 2  p a r t i c l e s  by 

newborn r a t s .  Animals a r e  b e i n g  s a c r i f i c e d  a t  i n t e r v a l s  f o l l o w i n g  exposure  

t o  e s t a b l i s h  t h e  d e p o s i t i o n ,  r e t e n t i o n  and t r a n s l o c a t i o n  of  p lu ton ium r e l a -  

t i v e  t o  age and p a r t i c l e  s i z e .  



F u t u r e  e m p h a s i s  w i l l  be d i r e c t e d  t o w a r d  e l u c i d a t i n g  t h e  b i o c h e m i c a l  a n d  

p h y s i o l o g i c a l  p r o c e s s e s  i n  t h e  immature  mammal t h a t  may be r e s p o n s i b l e  f o r  

t h e  d i f f e r e n c e s  i n  m e t a b o l i s m  a n d  e f f e c t s  o f  r a d i o n u c l i d e s ,  a s  compared  t o  

t h e i r  m e t a b o l i s m  a n d  e f f e c t s  i n  a d u l t s .  A c o n t i n u i n g  e f f o r t  w i l l  be  made t o  

i n t e r p r e t  t h e  f i n d i n g s  o f  t h i s  p r o j e c t  i n  t e r m s  of  a p p r o p r i a t e  p o p u l a t i o n  

e x p o s u r e  s t a n d a r d s .  

PUBLICATIONS SINCE JANUARY. 1973  

S i k o v ,  M .  R . ,  D .  D .  Mahlum, and  
W. J .  C l a r k e .  1 9 7 3 .  E f f e c t  o f  a g e  o n  
t h e  c a r c i n o g e n i c i t y  o f  1 3 1 1  i n  t h e  
r a t - - I n t e r i m  R e p o r t .  I n :  R a d i o n u c l i d e  
C a r c i n o g e n e s i s ,  C .  L .  S a n d e r s ,  
R .  H .  Busch ,  J .  E .  B a l l o u ,  a n d  
D .  D .  Mahlum ( e d s  . )  (CONF-720505), 
NTIS, S p r i n g f i e l d ,  VA. 

Mahlum, D .  D .  a n d  M .  R .  S i k o v .  1 9 7 4 .  
D i s t r i b u t i o n  a n d  t o x i c i t y  o f  monomeric  
a n d  p o l y m e r i c  2 3 9 ~ ~  i n  immature  and  
a d u l t  r a t s .  R a d i a t .  R e s .  60, 7 5 - 8 8 .  

S i k o v ,  M .  R .  a n d  D .  D .  Mahlum. 1 9 7 5 .  
I n f l u e n c e  o f  a g e  and p h y s i c o c h e m i c a l  
form o n  t h e  e f f e c t s  o f  2 3 9 P ~  o n  t h e  
s k e l e t o n  o f  t h e  r a t .  I n :  B i o l o g i c a l  
E f f e c t s  a n d  T o x i c i t y  o f  2 3 9 P ~  a n d  
T z b R a ,  J e e ,  W .  S .  S .  ( e d . ) .  ( I n  
P r e s s )  

Mahlum, D .  D . ,  M .  R .  S i k o v ,  a n d  
F .  P .  H u n g a t e .  1 9 7 5 .  I n f l u e n c e  o f  
ternDora1 d i s t r i b u t i o n  o f  a l ~ h a  d o s e  
i n  bone  tumor  i n d u c t i o n .  In: B i o -  
l o g i c a l  E f f e c t s  a n d  T o x i c i t y  ofmpu 
and  Z 2 b R a ,  J e e ,  W .  S .  S .  ( e d . ) .  ( I n  



INFLUENCE OF AGE AND PHYSICOCHEMICAL FORM ON THE EFFECTS 

OF 2 3 9 P ~  ON THE SKELETON OF THE RAT 

I n v e s t i g a t o r s :  

M .  R. S i k o v  and  D .  D .  Mahlum 

T e c h n i c a l  A s s i s t a n c e :  

J .  0 .  Hess  a n d  D .  L. C a t t  

S t u d i e s  were  made o f  t h e  s k e l e t a l  d i s t r i b u t i o n  and  e f f e c t s  

o f  monomeric a n d  p o l y m e r i c  2 3 9 P u  i n j e c t e d  i n t r a v e n o u s l y  i n  

a d u l t ,  w e a n l i n g ,  a n d  newborn r a t s .  A u t o r a d i o g r a p h s  s u g g e s t e d  

t h a t  p e r i o s t e a l  d e p o s i t i o n  o f  a c t i v i t y  was g r e a t e r  i n  t h e  wean- 

l i n g s  t h a n  i n  a d u l t s  a n d  newborns .  Abnormal h e a l i n g  o f  p a t h o -  

l o g i c  f r a c t u r e s  was o b s e r v e d  o n l y  i n  r a t s  e x p o s e d  a s  w e a n l i n g s .  

O t h e r  h i s t o l o g i c  c h a n g e s  o f  b o n e ,  i n c l u d i n g  e x o s t o s i s ,  n e c r o s i s ,  

and e p i p h y s e a l  a b n o r m a l i t i e s ,  were  mos t  marked i n  t h e  w e a n l i n g s  

i n j e c t e d  w i t h  monomer and  l e a s t  e v i d e n t  i n  t h e  newborns .  

T h i s  r e p o r t  c o n t i n u e s  t h e  d e s c r i p -  
t i o n  o f  e x p e r i m e n t s  (Annual  R e p o r t s  
1 9 6 7 ,  1968)  i n v o l v i n g  t h e  i n t r a v e n o u s  
i n ' e c t i o n  o f  monomeric a n d  p o l y m e r i c  4 2 3  PU p r e p a r a t i o n s  i n t o  newborn,  wean- 
l i n g ,  and a d u l t  r a t s .  Dose l e v e l s  
r a n g e d  f rom 6  t o  90 p C i / k g  body 
w e i g h t .  An imals  were  k i l l e d  a n d  s t u d -  
i e d  a t  i n t e r v a l s  r a n g i n g  f rom 1 d a y  
t h r o u g h  9  months  p o s t e x p o s u r e .  S i n c e  
i t  was a n t i c i p a t e d  t h a t  m a t u r a t i o n a l  
c h a n g e s  i n  t h e  s k e l e t o n  would i n f l u -  
e n c e  i t s  r e s p o n s e ,  a  d e t a i l e d  exami -  
n a t i o n  was made o f  t h e  r a d i a t i o n  
d o s e s ,  m i c r o s c o p i c  d i s t r i b u t i o n s  and 
h i s t o l o g i c  c h a n g e s  i n  t h e  f e m u r .  

The d i v e r g e n c e  i n  a g e - r e l a t e d  a v e r -  
a g e  r a d i a t i o n  d o s e s  t o  t h e  f e m u r ,  
s e e n  e a r l i e r  i n  e x a m i n a t i o n  o f  d a t a  
f rom t h e  i n i t i a l  70-day  p o s t e x p o s u r e  
p e r i o d ,  p r o g r e s s i v e l y  i n c r e a s e d  w i t h  

t i m e  ( F i g u r e  1 3 . 1 ) .  I n  a  s u b s e q u e n t  
e x p e r i m e n t ,  i t  was f o u n d  t h a t  t h e  d e -  
c r e a s e s  i n  bone s t r e n g t h  and  d r y  a n d  
a s h  w e i g h t ,  o b s e r v e d  p r e v i o u s l y  i n  
s u r v i v o r s  a t  9  m o n t h s ,  were  p r e s e n t  
by t h r e e  months  a f t e r  e x p o s u r e  o f  
w e a n l i n g s  t o  60 p C i / k g ,  a n d  w e r e  a c -  
companied by a  t w o f o l d  i n c r e a s e  i n  
se rum a l k a l i n e  p h o s p h a t a s e  l e v e l s .  

A u t o r a d i o g r a p h s  o f  d e c a l c i f i e d  
f e m u r s  showed t h a t ,  i n  t h e  a n i m a l s  
exposed  a s  a d u l t s ,  t h e r e  w e r e  heavy  
c o n c e n t r a t i o n s  o f  s i n g l e  t r a c k s  a l o n g  
t h e  e n d o s t e a l  s u r f a c e s  and  a l o n g  t h e  
m a r g i n s  o f  t h e  bony t r a b e c u l a e  n e a r  
t h e  e p i p h y s e a l  c a r t i l a g e .  The t r a c k  
d e n s i t y  on t h e  p e r i o s t e a l  s u r f a c e  was 
much l o w e r  t h a n  on t h e  e n d o s t e a l  s u r -  
f a c e  ( F i g u r e  1 3 . 2 )  , a n d  t h e r e  w e r e  
s t i l l  f e w e r  t r a c k s  w i t h i n  t h e  d e e p e r  
compact  bone o r  t r a b e c u l a e .  The few 







A s  i n  t h e  a d u l t s ,  n e c r o s i s  i n v o l v -  
i n g  t h e  c o r t i c a l  and t h e  t r a b e c u l a r  
bone was p r e s e n t  i n  many i n s t a n c e s .  
However, i n  t h e  wean l ings ,  o s t e o c l a s -  
t i c  a c t i v i t y - - i n d i c a t i n g  a  remodel ing  
p r o c e s s  i n  t h e  c o r t i c a l  bone--was f r e -  
q u e n t l y  observed  a l o n g  t h e  p e r i o s t e a l  
b o r d e r .  T h i s  was accompanied by a  
p r o l i f e r a t i o n  of  f i b e r s  of c o n n e c t i v e  
t i s s u e  w i t h  m a t u r a t i o n  o f  t h e  c a r t i -  
l a g e ,  which gave a n  appearance  s i m i -  
l a r  t o  e x o s t o s i s  ( F i g u r e  1 3 . 3 ) .  A t  
t h e  h i g h e r  doses  o f  monomer t h e r e  was 
some n e c r o s i s  of  t h e  marrow and p a r -  
t i a l  o b l i t e r a t i o n  by p r o l i f e r a t i n g  
mature f i b e r s  of c o n n e c t i v e  t i s s u e  a s  
e a r l y  a s  1 month a f t e r  i n j e c t i o n .  

There was l e s s  h i s t o p a t h o l o g i c  
damage t o  t h e  femurs  of t h e  r a t s  ex -  
posed a t  b i r t h  t h a n  i n  t h e  two o l d e r  
age  groups .  Only s p o r a d i c  and mi ld  
e a r l y  damage was s e e n ,  even a t  t h e  
h i g h e s t  dose l e v e l s .  A t  90  days ,  and 
t h e r e a f t e r  when changes s i m i l a r  t o  
t h o s e  i n  t h e  a d u l t s  and weanl ings  
were p r e s e n t ,  t h e y  tended  t o  be i n d e -  
pendent  of phys icochemica l  form. The 
major d i f f e r e n c e  was pe rhaps  t h e  f a c t  
t h a t  t h e r e  was a  c o n s i d e r a b l e  amount 
o f  c a r t i l a g e  p r e s e n t  th roughout  t h e  
l e n g t h  of t h e  c o r t i c a l  bone,  s u g g e s t -  
i n g  t h a t  i t  had n o t  o s s i f i e d  p r o p e r l y  
i n  many of  t h e  a n i m a l s .  

The lower i n c o r p o r a t i o n  and u n i -  
form d i s t r i b u t i o n  of  239Pu i n  t h e  new- 
born a r e  i n  keeping  w i t h  r e p o r t s  of a  
lower r a t e  of m i n e r a l i z a t i o n  and i n -  
t e r s t i t i a l  d e p o s i t i o n ,  w h i l e  t h e  h i g h  
i n i t i a l  c o n c e n t r a t i o n s  i n  t h e  wean- 
l i n g  a r e  t o  be expec t ed  from t h e  n o r -  
ma l ly  h igh  r a t e  of m i n e r a l i z a t i o n  
and i n c r e a s e d  v a s c u l a r i t y  a t  t h a t  a g e .  
I n  bo th  c a s e s  t h e  f a l l  i n  ave rage  con-  
c e n t r a t i o n  and dose  r a t e  i s  a t t r i b u t -  
a b l e  t o  t h e  h igh  growth r a t e  and con- 
s equen t  d i l u t i o n  of  t h e  a c t i v i t y .  
However, t h e  c a l c u l a t i o n  of  ave rage  
dose  does  n o t  g i v e  a  t r u e  p i c t u r e  
s i n c e ,  a t  t h e  h i s t o l o g i c  l e v e l ,  t h e r e  
i s  enhanced d e p o s i t i o n  a l o n g  t h e  p e r i -  
o s t e a l  s u r f a c e s  i n  t h e  wean l ings .  
T h i s  r e s u l t s  i n  d i f f e r e n c e s  i n  micro-  
dos ime t ry  and may g i v e  r i s e  t o  d i f f e r -  
ences  i n  mechanisms of  damage. A l -  
though t h i s  i s  p u r e l y  s p e c u l a t i v e ,  i t  
may be t h a t  t h e  dose  t o  t h e  p e r i o s -  
teum l e a d s  t o  a  r e l a t i v e  i s chemia  o r  
m a l n u t r i t i o n  of  t h e  femur,  r e s u l t i n g  
i n  d e v i t a l i z a t i o n .  The e f f e c t s  on 
mechanica l  s t r e n g t h  were much g r e a t e r  
t h a n  on chemica l  compos i t i on ,  imp l i ca -  
t i n g  a l t e r a t i o n s  i n  s t r u c t u r a l  
o r g a n i z a t i o n .  



INFLUENCE OF TEMPORAL DISTRIBUTION OF ALPHA 

DOSE I N  BONE TUMOR INDUCTION 

I n v e s t i g a t o r s  : 

D .  D .  Mahlum, M.  R. S i k o v  and  

F. P.  Hunga te  

T e c h n i c a l  A s s i s t a n c e :  

J .  0 .  Hess  and  J .  D .  S t e a r n s  

Bone tumor  i n d u c t i o n  d a t a  f rom a d u l t  and w e a n l i n g  r a t s  

i n t r a v e n o u s l y  i n j e c t e d  w i t h  39Pu  and 5 3 ~ s  w e r e  compared.  

Most o f  t h e  r a d i a t i o n  d o s e  t o  t h e  s k e l e t o n  f rom 2 5 3 ~ s  was r e -  

c e i v e d  d u r i n g  t h e  f i r s t  month p o s t e x p o s u r e ,  w h i l e  t h a t  f r o m  

2 3 9 ~ u  was d i s t r i b u t e d  o v e r  t h e  30 months  o f  t h e  s t u d y .  The 

r e s u l t s  s u g g e s t  t h a t  t h e  s h o r t e r  d u r a t i o n  r a d i a t i o n  d o s e  i s  

l e s s  c o n d u c i v e  t o  t h e  i n d u c t i o n  o f  b o n e  t u m o r s  t h a n  t h e  d o s e  

d e l i v e r e d  a t  a  l o w e r  r a t e  o v e r  a  l o n g e r  p e r i o d  o f  t i m e .  

Low LET r a d i a t i o n  i s  o f t e n  l e s s  e f -  
f e c t i v e  when g i v e n  o v e r  a  p r o t r a c t e d  
t i m e  a t  low d o s e  r a t e s  t h a n  when 
g i v e n  a c u t e l y  a t  h i g h  d o s e  r a t e s .  I n  
c o n t r a s t ,  t h e r e  i s  e v i d e n c e  which  i n -  
d i c a t e s  t h a t  a l p h a  r a d i a t i o n  may be 
more c a r c i n o g e n i c  when t h e  d o s e  i s  e x -  
t e n d e d  o v e r  a  l o n g e r  t i m e  p e r i o d .  
The r e s u l t s  i n  a d u l t  and w e a n l i n g  
r a t s  f rom c o n c u r r e n t  e x p e r i m e n t s  w i t h  
2 3 9 ~ ~  and 2 5 3 E s  (Annual  R e p o r t ,  1974)  
were  a n a l y z e d  t o  d e t e r m i n e  w h e t h e r ,  
i n  t h e s e  e x p e r i m e n t s ,  t h e  tumor  i -  
g e n i c i t y  of  a l p h a  r a d i a t i o n  was e n -  
hanced  by p r o t r a c t i o n .  The e a r l i e r  
i n c i d e n c e  v a l u e s ,  r e v i s e d  w i t h  new i n -  
p u t ,  a r e  p r e s e n t e d  i n  F i g u r e  1 3 . 4  a s  
a  f u n c t i o n  of  c u m u l a t i v e  r a d i a t i o n  
d o s e .  

I n  t h e  a d u l t ,  a p p r o x i m a t e l y  6 0 %  o f  
t h e  t o t a l  r a d i a t i o n  d o s e  f rom 2 5 3 E s  
was d e l i v e r e d  i n  t h e  f i r s t  month p o s t -  
e x p o s u r e ,  w h i l e  o n l y  5 %  o f  t h e  t o t a l  
d o s e  f rom 2 3 9 ~ ~  was d e l i v e r e d  d u r i n g  
t h i s  same p e r i o d .  I n  w e a n l i n g s ,  t h e  

f r a c t i o n  o f  t h e  t o t a l  d o s e  d e l i v e r e d  
d u r i n g  t h e  f i r s t  month was somewhat 
h i  h e r  f o r  b o t h  n u c l i d e s - - 8 5 %  f o r  ! 2 5  ES and 38% f o r  2 3  9 ~ ~ .  The i n c i -  
d e n c e  o f  bone  t u m o r s  i s  b a s e d  on r a -  
d i o g r a p h i c  d i a g n o s i s  o r  g r o s s  examina-  
t i o n  a t  n e c r o p s y .  H i s t o p a t h o l o g i c  
e x a m i n a t i o n  may a l t e r  t h e  i n c i d e n c e  
s l i g h t l y .  D a t a  f o r  o n l y  m a l e  a d u l t s  
a r e  shown i n  F i g u r e  1 3 . 4  b e c a u s e  n o  
f e m a l e s  were  used  i n  t h e  Es e x p e r i -  
men t ;  w e a n l i n g s  o f  b o t h  s e x e s  were  
used  i n  b o t h  e x p e r i m e n t s  and  t h e  d a t a  
have  b e e n  combined b e c a u s e  no  s e x -  
d e p e n d e n t  d i f f e r e n c e s  i n  tumor  i n c i  - 
d e n c e  were  d e t e c t a b l e .  

The r e s p o n s e s  of a d u l t s  and wean- 
l i n g s  t o  Es  a t  e q u i v a l e n t  d o s e s  a r e  
n o t  g r e a t l y  d i f f e r e n t .  Wean l ings  e x -  
posed  t o  Pu ,  h o w e v e r ,  showed t w o - t o -  
t h r e e f o l d  g r e a t e r  i n c i d e n c e  o f  o s t e o -  
sa rcoma t h a n  d i d  t h e  a d u l t s  e x p o s e d  
t o  c o m p a r a b l e  d o s e s .  Our d a t a  s u g -  
g e s t  t h a t  Es  may be more e f f e c t i v e  
t h a n  Pu a t  t h e  l o w e r  r a d i a t i o n  d o s e s  
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FIGURE 1 3 . 4 .  Curnulat i v e  Average  Ra- 
d i a t i o n  Doses t o  t h e  Femur,  a n d  Bone 
Tumor I n c i d e n c e  A f t e r  I n t r a v e n o u s  I n -  
j e c t i o n  o f  2 3 9 ~ ~  o r  2 5 3 ~ ~  i n  A d u l t  
and  Weanl ing R a t s .  

i n  t h e  w e a n l i n g .  A t  h i g h e r  d o s e s  oui- a l p h a  e n e r g y  of 2 5  3 ~ s  ( 6 . 3  Mev) i s  
d a t a  s u p p o r t  t h e  c o n c l u s i o n  t h a t  p r o -  g r e a t e r  t h a n  t h a t  o f  3 9 ~ ~  ( 5 . 1  Mev) 
t r a c t e d  a l p h a  r a d i a t i o n  i s  more e f -  and  t h e  m i c r o - d i s t r i b u t i o n  o f  E s  i n  
f e c t i v e  i n  i n d u c i n g  o s t e o s a r c o m a s  bone may a l s o  d i f f e r  somewhat f rom 
t h a n  i s  a  more a c u t e  e x p o s u r e .  t h a t  o f  Pu. I t  seems u n l i k e l y ,  how- 

e v e r ,  t h a t  t h e s e  d i f f e r e n c e s  would 
The n o t e d  d i f f e r e n c e s  i n  bone t u -  p l a y  a  c r i t i c a l  r o l e .  

mar i n c i d e n c e  c a n n o t  b e  u n e q u i v o c a l l y  
a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  tem- 
p o r a l  d i s t r i b u t i o n  o f  d o s e .  The 
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P r e g n a n t  r a t s  w e r e  i n j e c t e d  w i t h  1 p C i  o f  2 3 7 ~ ~ ,  2 3 8 ~ ~ ,  

o r  2 3 9 P ~  c i t r a t e  a f t e r  15 o r  1 9  days  o f  g e s t a t i o n  a n d  k i l l e d  

24 h r  l a t e r .  No c o n s i s t e n t  d i f f e r e n c e s  i n  t h e  p e r c e n t a g e  d e p o -  

s i t i o n s  o f  t h e  t h r e e  i s o t o p e s  i n  t h e  component  s t r u c t u r e s  o f  

t h e  f e t o p l a c e n t a l  u n i t  w e r e  f o u n d .  T h i s  i s  i n t e r p r e t e d  t o  i n -  

d i c a t e  t h a t  s p e c i f i c  a c t i v i t y  ( t h e  number  o f  a toms i n j e c t e d )  

i s  n o t  a n  i m p o r t a n t  f a c t o r  i n  t h e  f e t o p l a c e n t a l  dynamics  and  

r e s u l t i n g  c r o s s - p l a c e n t a l  t r a n s f e r  o f  Pu.  

I n  an e a r l i e r  s t u d y  (Annua l  R e p o r t  
1973)  we measured  t h e  c r o s s - p l a c e n t a l  
t r a n s f e r  o f  2 3 8 ~ ~  a n d  i t s  d i s t r i b u -  
t i o n  i n  t h e  f e t o p l a c e n t a l  u n i t  (FPU) 
o f  t h e  r a t .  Compar i sons  o f  t h e s e  
v a l u e s  w i t h  d a t a  f rom c o n c u r r e n t  and  
p r e v i o u s  e x p e r i m e n t s  w i t h  2 3 9 ~ ~  i n d i -  
c a t e d  t h a t  t h e r e  w e r e  some d i f f e r -  
e n c e s  i n  t h e  p a r t i t i o n  of  t h e  two i s o -  
t o p e s  w i t h i n  t h e  FPU a n d  s u g g e s t e d  
t h e  p o s s i b i l i t y  o f  a  d i f f e r e n c e  i n  
t r a n s f e r  d y n a m i c s .  The r e c e n t  a v a i l a -  
b i l i t y  of  2 3 7 ~ ~ 1 ,  a n d  t h e  f a c t  t h a t  
t h e  e a r l i e r  c o m p a r i s o n s  were  b a s e d  on 
d a t a  w h i c h  were  o b t a i n e d  i n  e x p e r i -  
men t s  wh ich  w e r e  n o t  c o m p l e t e l y  con-  
c u r r e n t ,  l e d  u s  t o  p e r f o r m  a  s t u d y  i n  
which  t h e  c r o s s - p l a c e n t a l  t r a n s f e r  
and  d i s t r i b u t i o n  o f  t h e  t h r e e  Pu i s o -  
t o p e s  were  m e a s u r e d  u n d e r  i d e n t i c a l  
c o n d i t i o n s .  

A l l  t h r e e  i s o t o p e s  were  p r e p a r e d  
t o  a l l o w  i n j e c t i o n  of  a  c o n s t a n t  d o s e  
o f  1 p C i ,  i n  1 . 0  m l  s o l u t i o n ,  c o n t a i n -  
i n g  1 mg sodium c i t r a t e  a t  pH 4 . 0 - 4 . 5 .  
Mated f e m a l e  r a t s  o f  W i s t a r  d e r i v a -  
t i o n  ( d a y  o f  p o s i t i v e  v a g i n a l  s m e a r  
E 0  d a y s  o f  g e s t a t i o n )  w e r e  i n j e c t e d  
v i a  t a i l  v e i n  a f t e r  1 5  o r  1 9  d a y s  o f  
g e s t a t i o n .  The t h r e e  o r  f o u r  p r e g -  
n a n t  r a t s  i n  e a c h  i s o t o p e - t i m e  g r o u p  

were  k i l l e d  24 h r  p o s t i n j e c t i o n  a n d  
t h e  u t e r u s  was removed. Some FPUs 
were  s e l e c t e d  f o r  r a d i o a n a l y s i s  o r  
a u t o r a d i o g r a p h y  i n  t o t o  and  o t h e r s  
were  d i s s e c t e d  f o r  a n a l y s i s .  S e v e r a l  
t i s s u e s  f rom t h e  dam were  a l s o  
we ighed  and  t a k e n  f o r  r a d i o a n a l y s i s .  

T h e r e  were  some d i f f e r e n c e s  i n  t h e  
p a r t i t i o n  among t h e  t i s s u e s  o f  t h e  
dams a t  t h e  two t i m e s  o f  g e s t a t i o n ;  
mos t  n o t a b l y ,  a  40% d e c r e a s e  i n  l i v e r  
a c t i v i t y  a t  2 0  d a y s  of g e s t a t i o n  r e l a -  
t i v e  t o  t h a t  a t  1 5 .  T h i s  p r o b a b l y  r e -  
f l e c t s  t h e  much g r e a t e r  f r a c t i o n  o f  
t h e  d o s e  p r e s e n t  i n  t h e  FPUs a t  t h e  
l a t e r  t i m e  o f  g e s t a t i o n .  S i n c e  t h e r e  
were  a  l i m i t e d  number o f  r a t s  i n  e a c h  
t i m e  g r o u p ,  h o w e v e r ,  t h e  o v e r a l l  
means were  c a l c u l a t e d .  The p o o l e d  
d a t a  on p a r t i t i o n  among t h e  t i s s u e s  
o f  t h e  dams a t  t h e  two t i m e s  o f  g e s t a -  
t i o n  a r e  p r e s e n t e d  i n  T a b l e  1 3 . 1 .  
The s p l e e n  was t h e  o n l y  m a j o r  o r g a n  
f o r  wh ich  s i g n i f i c a n t l y  d i f f e r e n t  a c -  
t i v i t i e s  o f  t h e  t h r e e  i s o t o p e s  were  
f o u n d .  

T h e r e  was a  c l e a r  g e n e r a l  p a t t e r n  
of  c o n c e n t r a t i o n  d i f f e r e n c e s  w i t h i n  
t h e  FPU f o r  a l l  t h r e e  i s o t o p e s  o f  Pu 
( F i g u r e  1 3 . 5 ) .  T h i s  p r o g r e s s i o n  o f  



TABLE 1 3 . 1 .  P e r c e n t  o f  P l u t o n i u m  
I s o t o p e  Dose ( ? S . E . )  i n  L i v e r ,  S p l e e n ,  
Femur, and  R e s i d u a l  C a r c a s s  a t  24 h r  
P o s t i n j e c t i o n  o f  R a t s  a t  15 o r  19 
Days o f  G e s t a t i o n .  

TISSUE 2 3 7 ~ u  (8)a 2 3 8 ~ u  (7) 2 3 9 ~ u  (7) 

LIVER 29 i 5  33 i 4  26 i 6  

SPLEEN 0.22 i 0.02 1.0 + 0.04 0.68 i 0.17 

FEMUR 1.7 i 0.10 1.4 i 0.2 1.4 i O . l  

CARCASS 42 i 3  48 56 56 i 9  

a NUMBER OF RATS 

c o n c e n t r a t i o n s :  membranes > p l a c e n t a  
> f e t u s ,  r e s e m b l e d  t h a t  f o u n d  i n  e a r -  
l i e r  e x p e r i m e n t s .  L i k e w i s e ,  t h e  c o n -  
c e n t r a t i o n s  i n  t h e  p l a c e n t a  and mem- 
b r a n e s  were  much g r e a t e r  a f t e r  
i n j e c t i o n  a t  19 d a y s  t h a n  a t  1 5  d a y s  
of g e s t a t i o n ,  a l t h o u g h  t h e r e  was l e s s  

s t a g e -  d e p e n d e n t  d i f f e r e n c e  i n  c o n c e n -  
t r a t i o n  i n  t h e  f e t u s e s .  The t o t a l  
c o n t e n t  o f  a l l  t h r e e  components  was 
much g r e a t e r  a t  t h e  l a t e r  t i m e ,  how- 
e v e r ,  r e f l e c t i n g  t h e  g r e a t e r  w e i g h t s .  

The a c t i v i t i e s  and c o n c e n t r a t i o n s  
o f  2 3 8 ~ ~  a n d  2 3 9 P ~  i n  t h e  FPU and i t s  
components  a r e  i n  g e n e r a l  a c c o r d  w i t h  
t h o s e  found  i n  o u r  e a r l i e r  e x p e r i -  
m e n t s .  No c o n s i s t e n t  p a t t e r n  o f  d i f -  
f e r e n c e  be tween  t h e  p a r t i t i o n  o f  t h e  

C, 

t h r e e  i s o t o p e s  w i t h i n  t h e  FPU was o b -  
I 

s e r v e d  i n  t h e  p r e s e n t  s t u d i e s .  T h i s  
s u g g e s t s  t h a t  s p e c i f i c  a c t i v i t y  i s  
n o t  an i m p o r t a n t  f a c t o r  i n  t h e  c r o s s -  
p l a c e n t a l  t r a n s f e r  o f  Pu o r  i n  i t s  
d i s t r i b u t i o n  w i t h i n  t h e  FPU. The 
1 - p C i  d o s e  i n j e c t e d  r e p r e s e n t s  
2 . 1  x  1011 ,  1 . 5  x  1 0 1 4 ,  and  4 . 1  x  1 0 1 6  
a toms  o f  Pu f o r  t h e  237,  238 and  239 
i s o t o p e s ,  r e s p e c t i v e l y .  T h i s  f u r t h e r  
s u g g e s t s  t h a t  t h e  dynamics  w i t h i n  t h e  
FPU a r e  i n d e p e n d e n t  of t h e  number o f  
a t o m s ,  w i t h i n  t h i s  r a n g e  a n d  u n d e r  
t h e  c o n d i t i o n s  o f  a  h i g h  e x c e s s  o f  
c i t r a t e  used  i n  t h i s  s t u d y ,  and  t h a t  
t h i s  i s  n o t  l i m i t e d  by o v e r l o a d i n g  o f  
t h e  FPU b y  a n  e x c e s s  o f  Pu a t o m s .  

MEMBRANES P U C D Y T A  

15-16 lem l+ 16 lem l+ 16 lem 
DAYS Cf GESTATION 

FIGURE 1 3 . 5 .  C o n c e n t r a t i o n s  o f  Pu I s o t o p e  i n  t h e  
F e t o p l a c e n t a l  U n i t  a t  2 4  h r  P o s t i n j e c t i o n  a t  15 o r  19 
Days of G e s t a t i o n  (Each Va lue  Based on a b o u t  2 0  
[ r a n g e  1 3 -  281 D e t e r m i n a t i o n s )  . V e r t i c a l  b a r s  i n d i c a t e  
s t a n d a r d  e r r o r .  
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S t u d i e s  o f  r a d i o n u c l i d e  m e t a b o l i s m  and e f f e c t s  have  u s u a l l y  employed a  

s i n g l e  r a d i o n u c l i d e  a d m i n i s t e r e d  u n d e r  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s .  

Animals  a r e  s u p p l i e d  a d e q u a t e  amounts o f  a l l  e s s e n t i a l  n u t r i e n t s  and a r e  

m a i n t a i n e d  i n  a n  e n v i r o n m e n t  o f  c o n t r o l l e d  t e m p e r a t u r e  and h u m i d i t y ;  o f t e n  

a  p a t h o g e n - f r e e  s i t u a t i o n  i s  c r e a t e d .  These  a r e  common and r e a s o n a b l e  

e x p e r i m e n t a l  p r e c a u t i o n s  t a k e n  t o  r e d u c e  e f f e c t s  f rom u n c o n t r o l l e d  v a r i -  

a b l e s .  P e o p l e  who may b e  e x p o s e d  t o  r a d i o n u c l i d e s  do n o t ,  however ,  l i v e  

u n d e r  s u c h  i d e a l  c o n d i t i o n s .  They a r e  s u b j e c t e d  t o  many a g e n t s  ( u b i q u i t o u s ,  

l o c a l ,  o r  s e l f - i m p o s e d ) ,  and t o  a  v a r i e t y  o f  e n v i r o n m e n t a l  and h e a l t h  s i t u -  

a t i o n s ,  which  may i n f l u e n c e  t h e  b i o l o g i c a l  d i s p o s i t i o n  and e f f e c t  o f  t h e s e  

r a d i o n u c l i d e s .  Examples i n c l u d e  s u p p r e s s e d  o r  a c c e n t u a t e d  immunologic  

s t a t u s ,  d i e t a r y  d e f i c i e n c i e s  and e x c e s s e s ,  u s e  of  d r u g s  ( t h o s e  m e d i c a l l y  

p r e s c r i b e d  a s  w e l l  a s  t h o s e  a b u s e d ) ,  normal  v a r i a t i o n s  i n  hormonal  s t a t e ,  

i n a d v e r t e n t  e x p o s u r e  t o  h a r m f u l  a g e n t s  i n  t h e  e n v i r o n m e n t  s u c h  a s  p e s t i c i d e s  

and known c a r c i n o g e n s ,  and  v a r i o u s  common p h y s i o p a t h o l o g i c  d i s o r d e r s .  The 

c o n s e q u e n c e s  of  r a d i o n u c l i d e  e x p o s u r e  may e i t h e r  b e  e x a c e r b a t e d  o r  a m e l i o r a t e d  

d e p e n d i n g  on t h e  c o n d i t i o n s  e x t a n t ,  and  i t  i s  p a r t i c u l a r l y  i m p o r t a n t  t h a t  we 

know o f  t h o s e  t h a t  may i n c r e a s e  r a d i o t o x i c i t y .  

T h i s  p r o j e c t  was t h e r e f o r e  i n i t i a t e d  i n  FY 1 9 7 3 ,  t o  p r o v i d e  a  q u a n t i t a t i v e  

a s s e s s m e n t  of  t h e  i n f l u e n c e  of  v a r i o u s  a g e n t s  and h e a l t h  s i t u a t i o n s  on  t h e  

b i o l o g i c a l  d i s p o s i t i o n  and  r e s u l t i n g  e f f e c t s  of  i m p o r t a n t  r a d i o n u c l i d e s .  The 

f o l l o w i n g  f a c t o r s  a r e  p r e s e n t l y  b e i n g  i n v e s t i g a t e d .  

The i n f l u e n c e  of  i r o n  r e s e r v e s  on p l u t o n i u m  m e t a b o l i s m .  I r o n  d e f i c i e n c y  

i s  one of t h e  most  common n u t r i t i o n a l  d i s e a s e s  o f  young c h i l d r e n  and 

women, and  e x p o s u r e  o f  t h i s  p o p u l a t i o n  t o  p l u t o n i u m  o r  o t h e r  r a d i o n u -  

c l i d e s  may r e s u l t  i n  e f f e c t s  n o t  found  i n s i r o n - r e p l e t e  i n d i v i d u a l s .  

The e f f e c t s  of  a l c o h o l  on t h e  m e t a b o l i s m  of  p l u t o n i u m  and  o t h e r  r a d i o -  

n u c l i d e s .  A l c o h o l  i n g e s t i o n  r e s u l t s  i n  a  g r e a t  number of  p h y s i o l o g i c  

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

l i v e r ,  a s  w e l l  a s  d i s t u r b a n c e s  i n  i r o n  m e t a b o l i s m .  The u s e  of  a l c o h o l  

by l a r g e  numbers of  p e o p l e  and t h e  r o l e  o f  t h e  l i v e r  i n  t h e  m e t a b o l i s m  

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

f a c t o r  i n  r a d i o n u c l i d e  t o x i c i t y .  



I n d u c t i o n  of  mammary tumors i n  r a t s  i n j e c t e d  w i t h  p lu tonium,  t o  d e t e r -  

mine whether  t h e  i n d u c t i o n  p r o c e s s  i nvo lves  a  d i r e c t  e f f e c t  of  Pu on 

mammary t i s s u e  o r  an  i n d i r e c t  e f f e c t  th rough o t h e r  sys t ems .  C u r r e n t l y ,  

t h e  i n c o r p o r a t i o n  of 2 3 9 P ~  i n  t h e  mammary g l and  (and o t h e r  t i s s u e s )  

d u r i n g  pregnancy and l a c t a t i o n  i s  b e i n g  measured and t h e  subsequent  f a t e  

of t h e  i n c o r p o r a t e d  m a t e r i a l  e v a l u a t e d .  
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M .  P e r k i n s ,  M .  P i p e s ,  and J .  S m i t h  

R a t s  w e r e  f e d  a n  i r o n - d e f i c i e n t  d i e t  f o r  7 5  d a y s ,  a f t e r  which  
2 3 9  2 3 9 

Pu c i t r a t e  o r  Pu c i t r a t e  and  i r o n  d e x t r a n  was a d m i n i s t e r e d .  

R e s u l t s  s u g g e s t  t h a t  p l u t o n i u m  r e t e n t i o n  may be  r e l a t e d  more t o  

serum i r o n  c o n c e n t r a t i o n s  t h a n  t o  t h e  s t a t u s  o f  body i r o n  s t o r e s .  

P r e v i o u s  Annual  R e p o r t s  h a v e  d e -  
s c r i b e d  t h e  enhanced  a b s o r p t i o n  and 
r e t e n t i o n  o f  p l u t o n i u m  i n  i r o n -  
d e f i c i e n t  m i c e ,  a n d  t h e  a l t e r e d  t i s -  
s u e  d i s t r i b u t i o n  o f  p l u t o n i u m .  To 
f u r t h e r  s t u d y  t h e s e  c h a n g e s ,  80 f e -  
m a l e  W i s t a r  r a t s  were  f e d  e i t h e r  a  
c o n t r o l  o r  a n  i r o n - d e f i c i e n t  d i e t ,  
s t a r t i n g  a t  21 d a y s  o f  a g e .  A t  88 
d a y s  o f  a g e ,  t e n  r a t s  f rom e a c h  d i e -  
t a r y  g r o u p  were  s a c r i f i c e d  f o r  e v a l u a -  
t i o n  o f  t h e i r  h e m a t o l o g i c  s t a t u s  
( T a b l e  1 4 . 1 ) .  E i g h t  d a y s  l a t e r ,  t h e  
r e m a i n i n g  30 r a t s  i n  t h e  i r o n -  
d e f i c i e n t  and  c o n t r o l  g r o u p s  w e r e  

TABLE 1 4 . 1 .  Volume o f  Packed Red 
C e l l s  (VPRC) , Mean C o r p u s c u l a r  V o l -  
ume (MCV) and  Serum I r o n  ( S I )  V a l u e s  
i n  I r o n - d e f i c i e n t  and  C o n t r o l  R a t s  

0 (Mean ? SD). 

VPRC, MCV8 S I ,  
N m11100 r n ~  p3 pg1100 ml - - -- 

AT 88 D A Y S  OF AGE 

IRON-DEFICIENT 10 26159.5 3854 83t49 

CONTROL 10 5Q7e1.9 5352 275555 

AT 96-108 D A Y S  OF AGE . I RON-DEF IC  IENT 12 37.6 *4.6 455 3 230* 108 

CONTROL 13 43.452.4 5152 226566 

g i v e n  0 . 4  u C i  2 3 9 ~ ~  c i t r a t e  by 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 P )  o r  
0 . 4  u C i  2 3 9 P ~  c i t r a t e  IP  p l u s  1 0  mg 
o f  i r o n  a s  i r o n  d e x t r a n .  F i v e  a n i -  
m a l s  f rom e a c h  o f  t h e  f o u r  g r o u p s  
were  k i l l e d  1, 5 ,  and 1 2  d a y s  l a t e r  
t o  d e t e r m i n e  t h e  t i s s u e  d i s t r i b u t i o n  
of p l u t o n i u m .  

T h e r e  w e r e  no d i f f e r e n c e s  i n  p l u -  
tonium r e t e n t i o n  be tween  i r o n -  
d e f i c i e n t  and  c o n t r o l  r a t s  g i v e n  p l u -  
ton ium o n l y  ( F i g u r e  1 4 . 1 ) .  When i r o n  
was g i v e n  c o n c u r r e n t l y ,  t h e  c o n c e n t r a  
t i o n  o f  2 3 9 ~ ~  i n  t h e  femur  was r e -  
d u c e d  and t h a t  i n  t h e  s p l e e n  m a r k e d l y  
i n c r e a s e d  i n  b o t h  t h e  i r o n - d e f i c i e n t  
and c o n t r o l  r a t s .  The h i g h e r  p l u t o -  
nium c o n c e n t r a t i o n s  i n  t h e  s p l e e n  r e -  
mained c o n s t a n t  t h r o u g h  12  d a y s  p o s t -  
i n j e c t i o n  i n  b o t h  t h e  i r o n - d e f i c i e n t  
and c o n t r o l  g r o u p s  g i v e n  i r o n .  

H e m a t o l o g i c  e v a l u a t i o n  o f  t h e  i r o n -  
d e f i c i e n t  r a t s  s t r o n g l y  s u g g e s t s  t h a t  
t h e y  had somehow managed t o  i n g e s t  
i r o n  p r i o r  t o  a d m i n i s t r a t i o n  o f  p l u -  
ton ium ( T a b l e  1 4 . 1 ) .  The VPRC and  
MCV o f  i r o n - d e f i c i e n t  r a t s  had i n -  
c r e a s e d  m a r k e d l y  f rom v a l u e s  o b t a i n e d  
a p p r o x i m a t e l y  1 0  d a y s  e a r l i e r ,  and 
t h e r e  was n o  d i f f e r e n c e  i n  s e r u m - i r o n  
v a l u e s  b e t w e e n  t h e  i r o n - d e f i c i e n t  and  
c o n t r o l  g r o u p s ,  w h e r e a s  e a r l i e r ,  t h e  
c o n t r o l s  had  serum i r o n  v a l u e s  
a p p r o x i m a t e l y  t h r e e f o l d  h i g h e r .  I r o n  
s t o r e s  were  s t i l l  d e p l e t e d  i n  t h e  
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FIGURE 1 4 . 1 .  2 3 9 ~ ~  i n  R a t  T i s s u e s  24 Hours  F o l l o w i n g  
I n j e c t i o n  o f  2 3 9 ~ ~  C i t r a t e  o r  2 3 9 ~ ~  C i t r a t e  P l u s  I r o n  
~ e x t r a n  (Mean + SD) . 

i r o n - d e f  i c i e n t  g r o u p s ,  a s  i n d i c a t e d  
by  bone marrow e x a m i n a t i o n .  T h e s e  
o b s e r v a t i o n s  c o u l d  b e  l o g i c a l l y  e x -  
p l a i n e d  i f  t h e  i r o n - d e f i c i e n t  r a t s  
had  i n a d v e r t e n t l y  b e e n  a l l o w e d  t o  i n -  
g e s t  i r o n  b e t w e e n  t h e  i n i t i a l  and  t h e  
l a t e r  m e a s u r e m e n t s .  The r e s u l t s  s u g -  
g e s t  t h a t  p l u t o n i u m  r e t e n t i o n  a n d  d i s -  
t r i b u t i o n ,  l i k e  t h a t  o f  i r o n ,  i s  more  
d e p e n d e n t  on e r y t h r o i d  demands a s  r e -  
f l e c t e d  i n  p l a s m a  i r o n  t u r n o v e r  t h a n  
by l e v e l s  o f  s t o r a g e  i r o n .  

I r o n  d e x t r a n  i s  known t o  be  mobi -  
l i z e d  f rom t h e  i n j e c t i o n  s i t e  a s  a  
c o l l o i d  which  i s  p r o c e s s e d  t h r o u g h  
t h e  r e t i c u l o e n d o t h e l i a l  s y s t e m  p r i o r  
t o  u t i l i z a t i o n  o f  t h e  i r o n .  T h i s  may 
a c c o u n t  f o r  t h e  g r e a t l y  i n c r e a s e d  c o n -  
c e n t r a t i o n  o f  p l u t o n i u m  i n  s p l e e n  f o l -  
l o w i n g  i r o n  d e x t r a n  a d m i n i s t r a t i o n ,  
t h e  a s s u m p t i o n  b e i n g  t h a t  p l u t o n i u m  
i s ,  i n  t h i s  c a s e ,  a s s o c i a t e d  w i t h  t h e  
i r o n  c o l l o i d  r a t h e r  t h a n  w i t h  t r a n s -  
f e r r i n ,  s i n c e  c o l l o i d a l  i r o n  i s  n o t  
t r a n s f e r r i n - b o u n d .  



GUT-RELATED STUDIES OF RADIONUCLIDE TOXICITY 

P e r s o n  i n  C h a r g e :  M .  F .  S u l l i v a n  

T h i s  p r o j e c t  i s  c o n c e r n e d  w i t h  t h e  f a t e  o f  r a d i o a c t i v e  m a t e r i a l s  t h a t  a r e  

i n g e s t e d  o r  t r a n s l o c a t e d  t o  t h e  i n t e s t i n e  a f t e r  c l e a r a n c e  f rom t h e  l u n g .  I t  

i s  a l s o  c o n c e r n e d  w i t h  t h e  e f f e c t s  o f  r a d i a t i o n ,  e i t h e r  f r o m  an  i n t e r n a l l y  

d e p o s i t e d  r a d i o n u c l i d e  o r  f r o m  a n  e x t e r n a l  s o u r c e ,  on t h e  g a s t r o i n t e s t i n a l  

t r a c t  and  i t s  f u n c t i o n s .  

P r e s e n t  e m p h a s i s  i n  t h i s  p r o j e c t  i s  p l a c e d  on measurement  o f  t h e  g a s t r o -  

i n t e s t i n a l  a b s o r p t i o n  o f  t h e  a c t i n i d e  e l e m e n t s .  I t  h a s  l o n g  been  known t h a t  

t h e  a b s o r p t i o n  o f  p l u t o n i u m  i s  i n c r e a s e d  i n  t h e  v e r y  young r a t .  We a r e  

s t u d y i n g  t h i s  phenomenon f o r  s e v e r a l  a c t i n i d e s  and f i n d  n o t  o n l y  i n c r e a s e d  

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

mucosa .  S t u d i e s  i n v o l v e  b o t h  i n s o l u b l e  o x i d e  f o r m s  and  more s o l u b l e  n i t r a t e  

and o r g a n i c a l l y  complexed f o r m s .  Of p a r t i c u l a r  i n t e r e s t  a r e  c u r r e n t  e x p e r i -  

men t s  i n  w h i c h  m e t a b o l i c a l l y  i n c o r p o r a t e d  a c t i n i d e s  f rom p l a n t  and a n i m a l  

s o u r c e s  a r e  b e i n g  f e d  t o  d e t e r m i n e  t h e i r  a b s o r b a b i l i t y .  I n f o r m a t i o n  f rom 

t h e s e  s t u d i e s  w i l l  b e  o f  c r i t i c a l  i m p o r t a n c e  i n  e v a l u a t i n g  t h e  f o o d - c h a i n  

h a z a r d  f rom e n v i r o n m e n t a l l y  d i s p e r s e d  a c t i n i d e s  o v e r  l o n g  p e r i o d s  o f  t i m e .  

A l s o  i n c l u d e d  i n  t h i s  p r o j e c t  a r e  s t u d i e s  o f  t h e  e f f e c t s  o f  n e u t r o n s  f rom 

s p o n t a n e o u s l y  f i s s i o n i n g  c a l i f o r n i u m - 2 5 2 ,  on normal  t i s s u e s  i n  b o t h  r a t s  a n d  

m i n i a t u r e  s w i n e .  The e f f e c t s  on t h e  g a s t r o i n t e s t i n a l  t r a c t  and  u r i n a r y  t r a c t  

a r e  o f  p a r t i c u l a r  c o n c e r n  i n  r a d i a t i o n  t h e r a p y  where  c l i n i c a l  t r e a t m e n t  o f  

c a n c e r  o f  t h e  u t e r i n e  c e r v i x  may r e s u l t  i n  e x p o s u r e  o f  t h e s e  n o r m a l  t i s s u e s  

a d j a c e n t  t o  t h e  g e n i t a l  t r a c t .  
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ABSORPTION OF TRANSURANIC ELEMENTS FROM RAT GUT 

I n v e s t i g a t o r s :  

M .  F. S u l l i v a n  and A .  L .  C r o s b y  

A b s o r p t i o n  o f  2 3 7 ~ p  was d e c r e a s e d  t e n f o l d  when f e d  t o  a d u l t  

r a t s  i n  a  f o r m  t h a t  was bound t o  a n i m a l  t i s s u e .  P l u t o n i u m - 2 3 8  

a b s o r p t i o n ,  o n  t h e  o t h e r  h a n d ,  was a b o u t  d o u b l e d  by  b i n d i n g  t o  

t i s s u e  b e f o r e  a d m i n i s t r a t i o n .  A b s o r p t i o n  of  2 3 8 ~ ~ ,  2 3 9 P ~  a n d  

2 4 1 ~ ~ ,  a s  n i t r a t e s ,  was e s s e n t i a l l y  t h e  same f o r  a l l  i s o t o p e s ;  

t h e  more i n s o l u b l e  o x i d e s  were  l e s s  w e l l  a b s o r b e d .  R e t e n t i o n  

of  2 3 7 ~ p  n i t r a t e  by newborn r a t s  d e c r e a s e d  t h r e e f o l d  i f  t h e y  

were  g a v a g e d  a t  e i g h t  d a y s  i n s t e a d  o f  two d a y s  a f t e r  b i r t h ,  

p r i n c i p a l l y  d u e  t o  t h e  l o w e r  amoun t s  s t o r e d  i n  t h e  mucosa  of  

t h e  s m a l l  i n t e s t i n e .  More s o l u b l e  f o r m s  o f  a d m i n i s t e r e d  p l u t o -  

nium showed a n  i n c r e a s e d  a b s o r p t i o n  a n d  r e t e n t i o n  i n  t h e  

m u c o s a l  e p i t h e l i u m  o f  t h e  newborn r a t .  

O b s e r v a t i o n s  o n  t h e  a b s o r u t i o n  o f  s i o n s  o f  e q u i v a l e n t  r a d i o a c t i v i t y .  
2 3 3 ~ ,  2 3 7 ~ p ,  2 3 8 ~ ~ ,  241Am, 2 4 4 ~ m  a n d  
2 5 % s  f r o m  t h e  g a s t r o i n t e s t i n a l  
t r a c t s  o f  a d u l t  a n d  n e o n a t a l  r a t s  
were  r e p o r t e d  i n  t h e  1974 Annua l  
R e p o r t .  The newborn r a t ,  a s  com- 
p a r e d  w i t h  t h e  a d u l t ,  shows e n h a n c e d  
a b s o r p t i o n  o f  many o f  t h e s e  r a d i o -  
n u c l i d e s  a n d  e n h a n c e d  i n c o r p o r a t i o n  
i n  t h e  l o w e r  s m a l l  i n t e s t i n e .  I n  
t h i s  r e p o r t  we w i l l  d i s c u s s  a d d i -  
t i o n a l  r e s u l t s  o n  t h e  a b s o r p t i o n  o f  
t h e s e  r a d i o n u c l i d e s  i n  v a r i o u s  chem- 
i c a l  s t a t e s ,  i n c l u d i n g  m e t a b o l i c a l l y  
i n c o r p o r a t e d  f o r m s .  

T W O - d a y - o l d  n e o n a t e s  r e c e i v e d  0 . 0 5  
t o  0 . 1  m l ;  8 - d a y - o l d  a n i m a l s ,  
0 . 1 - 0 . 2  m l ;  a n d  a d u l t s ,  0 . 5  m l  o f  
t h e s e  s o l u t i o n s  o r  s u s p e n s i o n s .  
H i g h e r  d o s e s  were  a d m i n i s t e r e d  t o  a 
few a n i m a l s  whose t i s s u e s  were  p r e -  
p a r e d  f o r  a u t o r a d i o g r a p h s .  

H i g h e r  d o s e s  w e r e  a l s o  a d m i n i s -  
t e r e d ,  i n t r a g a s t r i c a l l y  o r  i n t r a -  
p e r  i t o n e a l l y ,  t o  2 -  o r  8 - d a y - o l d  r a t s ,  
w h i c h  w e r e  k i l l e d  5 h r s  l a t e r  and  f e d  
i n  t o t o ,  o r  l o w e r  s m a l l  i n t e s t i n e  
o n l y ,  t o  f a s t e d  a d u l t  r a t s .  The  d o s e  
t o  t h e  " c a n n i b a l "  r a t s  was d e t e r m i n e d  

" S o l u b l e "  f o r m s  o f  t h e  r a d i o -  by  a n a l y s i s  o f  o t h e r  i n j e c t e d  new- 

n u c l i d e s  w e r e  p r e p a r e d  by  a d j u s t i n g  b o r n s .  U n e a t e n  bone  f r a g m e n t s  were  

t h e  a c i d i t y  o f  n i t r i c  a c i d  s o l u t i o n s  a n a l y z e d  a n d  t h e i r  r a d i o a c t i v i t y  s u b -  

t o  a  pH o f  2 a n d  d i l u t i n g  t o  a  c o n -  t r a c t e d  t o  a r r i v e  a t  t h e  d o s e  

c e n t r a t i o n  o f  20 u C i / m l .  The o x i d e s  i n g e s t e d .  
w e r e  a d m i n i s t e r e d  a s  w a t e r  s u s p e n -  



E x c r e t a  was c o l l e c t e d  f rom i n d i -  
v i d u a l  a d u l t  r a t s ,  d a i l y  f o r  4 d a y s ,  
t h e n  p o o l e d  f o r  3 d a y s .  One g r o u p  
o f  a d u l t  a n i m a l s  was m a i n t a i n e d  i n  
r e s t r a i n i n g  c a g e s  a f t e r  d o s i n g ,  t o  
p r e v e n t  c o p r o p h a g y  and  t h e  p o s s i -  
b i l i t y  o f  c r o s s - c o n t a m i n a t i o n  o f  
u r i n e  w i t h  f e c e s .  No e x c r e t a  was 
c o l l e c t e d  f rom a n i m a l s  t h a t  c a n n i -  
b a l i z e d  t h e  n e o n a t e s ,  s i n c e  i t  was 
t h o u g h t  t h a t  u r i n e  m i g h t  b e  c o n -  
t a m i n a t e d  by t h e  h i g h  a c t i v i t y  i n  
t h e  f e c e s  and u n e a t e n  bone f r a g -  
m e n t s .  A l l  a n i m a l s  were  k i l l e d  
a t  7 d a y s  a f t e r  gavage  and t h e i r  
t i s s u e s  a n a l y z e d  r a d i o c h e m i c a l l y  . 

D i s t r i b u t i o n  and  e x c r e t i o n  d a t a  
f o r  a d u l t  r a t s  a r e  shown i n  
T a b l e  1 5 . 1 .  l 'he  l i v e r  and s k e l e t o n  
c o n t a i n e d  t h e  m a j o r i t y  o f  a b s o r b e d  
r a d i o a c t i v i t y .  B i o l o g i c a l l y  i n c o r -  
p o r a t e d  nep tun ium was a b s o r b e d  t o  a  
s u b s t a n t i a l l y  l o w e r  d e g r e e  ( 1 0 -  t o  
2 0 - f o l d )  t h a n  i n o r g a n i c  n e p t u n i u m .  
B i o l o g i c a l l y  i n c o r p o r a t e d  p l u t o n i u m ,  
on t h e  o t h e r  h a n d ,  seemed t o  b e  
a b s o r b e d  t o  a  g r e a t e r  d e g r e e  t h a n  
i n o r g a n i c  p l u t o n i u m  (1- t o  ] @ - f o l d ,  
d e p e n d i n g  upon t h e  g r o u p s  c o m p a r e d ) .  
V a r i a t i o n  i n  t h e  i s o t o p e  ( a n d  c o n -  
s e q u e n t l y  i n  t h e  s p e c i f i c  a c t i v i t y )  
a p p a r e n t l y  h a d  l i t t l e  e f f e c t  on t h e  

TABLE 1 5 . 1 .  D i s t r i b u t i o n  o f  R a d i o n u c l i d e s  i n  A d u l t  R a t s  
Seven  Days A f t e r  A d m i n i s t r a t i o n  by Gavage o r  F e e d i n g .  

PERCENT OF A D M l N l  STERED DOSE 
NUMBER SKELETON 

R A D I O -  FORM OF RATS SKELETON + LIVER 
NUCLIDE ADMINISTERED AND SEX SKELLTON'~) LIVER + LIVER URINE + URINE --- - 

NITRATE 

BIOLOGICALLY 
INCORPORATED'~'  

NITRATE 

BIOLOGICALLY 
INCORPORATED'~) 

N l TRATE 

NITRATE") 

 NITRATE'^' 
BIOLOGICALLY 

INCORPORATED'~) 

BIOLOGICALLY 
INCORPORATED'~) 

NITRATE 

NITRATE 

OX l DE 

a63 a07 

am aom 

a007 L10m 

aom am 
am am 
a m  a m 7  

a016 (1ooO7 

a018 aom 
aoa aom 

E . 8 ~ ~  BIOLOGICALLY 5 F a009 a0003 2009 
INCORPORATED'~) 

B 8 p u  0 x 1 ~ ~ ' ~ )  5 F a01 a 0  [1 01 a015 0.025 

'a) SKELETON ESTIMATED AS 23 x SINGLE FEMUR CONTENT 

Ib '  RADIONUCLIDE AS NITRATE ADMINISTERED BY GAVAGE TO 8 - D A Y 4 L D  RAT THAT WAS KILLED AND 
FED I N  TOT0 TO ADULT 

'') RATS MAINTAINED I N  RESTRAINING CAGES AFTER GAVAGE 

CONTROL RATS MAINTAINED I N  METABOLISM CAGES FOR COMPARISON WITH ( g l  

(e )  RADIONUCLIDE AS NITRATE INJECTED INTRAPERITONEALLY INTO 2-DAY-OLD RAT THAT WAS KILLED 
AND FED I N  TOT0 TO ADULT 

' f '  RADIONUCLIDE,AS NITRATE A D M I N I  STERED B Y  GAVAGE TO 2 -  DAY-OLD RAT: THREE DAYS LATER 
THE ILEUM WAS FED TO ADULT 

lg) RADIONUCLIDE AS OXIDE INJECTED INTRAPERITONEALLY TO 8 - D A Y 4 L D  RAT THAT WAS KILLLD AND 
FED I N  TOT0 TO ADULT 

(h '  SNS-GRADE n 8 ~ u ~ 2  



amount of  p lu ton ium absorbed  from 
t h e  GI t r a c t .  About 0.02 p e r c e n t  of  
t h e  gavaged dose  of  2 3 8 P ~  n i t r a t e ,  
0 .02  p e r c e n t  o f  2 3 9 P ~  n i t r a t e ,  and 
0 . 0 3  p e r c e n t  o f  2 4 1 P ~  n i t r a t e  were 
abso rbed .  These v a l u e s  a r e  s u b s t a n -  
t i a l l y  h i g h e r  t h a n  some v a l u e s  p r e -  
v i o u s l y  r e p o r t e d .  To show t h a t  t h e  
u r i n a r y  r a d i o n u c l i d e  o u t p u t  of  
gavaged an ima l s  was n o t  due t o  con- 
t a m i n a t i o n  from t h e  f e c e s ,  r a t s  i n  
one expe r imen t  were r e s t r a i n e d  t o  
e l i m i n a t e  t h e  p o s s i b i l i t y  of such  
con t amina t i on .  The u r i n e  of 
r e s t r a i n e d  r a t s  was more r a d i o a c t i v e  
t h a n  t h a t  of t h e  u n r e s t r a i n e d  con-  
t r o l s ,  s u g g e s t i n g  t h a t  n e i t h e r  f e c a l  
con t amina t i on  nor  coprophagy i s  a  
c o m p l i c a t i n g  f a c t o r  i n  t h e s e  
expe r imen t s .  

Our e a r l i e r  r e p o r t  on t h e  abso rp -  
t i o n  of a c t i n i d e s  by t h e  newborn 

i n d i c a t e d  h i g h  c o n c e n t r a t i o n s  i n  t h e  
s k e l e t o n ,  i n  t h e  mucosa of  t h e  s m a l l  
i n t e s t i n e ,  and i n  i t s  c o n t e n t s  
(Annual R e p o r t ,  1 9 7 5 ) .  The d a t a  
shown i n  Tab l e  15 .2  s u g g e s t  t h a t  t h e  
l e v e l s  of r a d i o n u c l i d e s  r e t a i n e d  i n  
t h e  s k e l e t o n  a r e  g r e a t e r ,  and t h e  
amount i n  t h e  mucosa o r  r ecove red  
from t h e  i n t e s t i n a l  c o n t e n t s  i s  
d e c r e a s e d ,  w i t h  i n c r e a s i n g  age ,  p r o b -  
a b l y  due t o  m a t u r a t i o n  of t h e  e p i t h e -  
l ium of  t h e  g u t .  I t  shou ld  be no t ed  
t h a t  s k e l e t a l  e s t i m a t e s  f o r  t h e  young 
an imals  a r e  q u i t e  u n c e r t a i n  and more 
s i g n i f i c a n c e  a t t a c h e s  t o  t h e  f i g u r e s  
g iven  f o r  " T o t a l  Absorbed", which 
r e f l e c t  a  t o t a l  c a r c a s s  a n a l y s i s .  
Both a b s o r p t i o n  and r e t e n t i o n  w i t h i n  
t h e  i n t e s t i n e  a r e  lower f o r  t h e  
o x i d e s  t han  f o r  t h e  n i t r a t e s .  T h i s  
i s  c o n s i s t e n t  w i t h  r e s u l t s  r e p o r t e d  
i n  l a s t  y e a r ' s  Annual Report  f o r  
americium and curium. 

TABLE 15 .2 .  D i s t r i b u t i o n  of  Rad ionuc l ide s  i n  Young Ra t s  
Seven Days A f t e r  A d m i n i s t r a t i o n  by Gavage. 

PERCENT OF ADMINISTERED DOSE 

RADIO-  FORM NUMBER INTESTINE TOTAL 
NUCLl DE A D M l N l  STERED OF RATS AGE, days  SKELETON'^) LIVER WALL CONTENTS  ABSORBED'^' 

237 ~p NITRATE 5 2 1.0 a 0 2  18.9 13.7 as 
237 ~p NITRATE 6 4 a 7  a01 11.3 9.8 a 5 

n 7 ~ p  NITRATE 1 0  8 3.6 a 1 0  5.5 7.5 1.2 

2 3 8 ~ ~  NITRATE 7 2 2 7  a 2  a 7  a 5  2 2 

2 3 9 ~ u  NITRATE 5 2 a 6  a 0 6  4.6 3.0 a 4  

2 3 8 ~ u   OXIDE(^) 10 2 aa a03 a 4  a3 a 05 
2 3 9 ~ u  0x1 D E ( ~ )  11 3 a01 aom a4 a1 am 

(a' SKELETON ESTIMATED a 2 2  x BODY WT (g) x CONCENTRATION I N  FEMUR ( % l g )  

(') TOTAL ABSORBED ESTIMATED AS SUM OF SEPARATE ANALYSES ON FEMUR, LIVER, LUNG, AND 
RESIDUAL CARCASS (NOT INCLUDING INTESTINAL WALL OR CONTENTS) 

(') SNS-GRADE 2 3 8 ~ ~ 0 2  

(d) WEAPONS-GRADE 2 3 9 ~ u 0 2  



ACUTE TOXICITY OF REACTOR-CATASTROPHE EFFLUENT 

P e r s o n  i n  C h a r g e :  M .  F .  S u l l i v a n  

T h i s  p r o j e c t ,  i n i t i a t e d  l a t e  i n  FY 1 9 7 4 ,  h a s  t h e  s p e c i f i c  and l i m i t e d  

o b j e c t i v e  o f  p r o v i d i n g  d a t a  on t h e  a c u t e  t o x i c i t y  o f  i n g e s t e d ,  nonabsorbed  

r a d i o n u c l i d e s  s u c h  a s  migh t  r e s u l t  f rom a  c a t a s t r o p h i c  r e a c t o r  a c c i d e n t .  

The n e e d  f o r  t h i s  i n f o r m a t i o n  became a p p a r e n t  i n  t h e  p r e p a r a t i o n  o f  t h e  

Rasmussen R e p o r t  (WASH-1400), and  t h e  e a r l y  d a t a  f rom t h i s  p r o j e c t  were  

r e c e n t l y  employed i n  t h e  r e v i s i o n  o f  Appendix VI o f  t h a t  r e p o r t .  

The e x p e r i m e n t a l  a p p r o a c h  h a s  b e e n  t o  d e t e r m i n e  a c u t e l y  l e t h a l  d o s e s  i n  

r a t s  and d o g s ,  u s i n g  a  h i g h - e n e r g y  b e t a  e m i t t e r ,  1 0 6 ~ u - 1 0 6 ~ h ,  and a  l o w - e n e r g y  

b e t a  e m i t t e r ,  1 4 7 ~ m .  R a d i a t i o n  d o s e  t o  t h e  r a d i o s e n s i t i v e  c e l l s  a t  t h e  b a s e  

o f  t h e  c r y p t s  was measured  by s u r g i c a l l y  i m p l a n t e d  t h e r m o l u m i n e s c e n t  dos im-  

e t e r s  i n  t h e  d o g ,  and  c a l c u l a t e d  f rom measurements  o f  p a s s a g e  t i m e  i n  t h e  

r a t .  From t h e s e  measurements  and a  knowledge o f  t h e  d i s t a n c e s  f rom t h e  i n -  

t e s t i n a l  c o n t e n t s  t o  t h e  s e n s i t i v e  t a r g e t  c e l l s  i n  man, i t  w i l l  be  p o s s i b l e  

t o  e s t i m a t e  t h e  l e t h a l  d o s e  f o r  man. 

I n i t i a l  s t u d i e s  w i t h  1 0 6 ~ ~ - 1 0 6 ~ h  and  w i t h  1 4 7 ~ m  have  b e e n  c o m p l e t e d .  I n  

f u t u r e  e x p e r i m e n t s  we w i l l  s t u d y  t h e  e f f e c t  o f  combined e x p o s u r e s  t o  weak 

and  s t r o n g  b e t a  e m i t t e r s  w i t h  a  s u p e r i m p o s e d  e x t e r n a l  gamma i r r a d i a t i o n  t o  

more c l o s e l y  s i m u l a t e  a  r e a c t o r  a c c i d e n t .  I n  a l l  o f  t h e s e  s t u d i e s  c a r e f u l  

o b s e r v a t i o n s  a r e  made o f  h i s t o p a t h o l o g y  i n  a l l  a f f e c t e d  t i s s u e s ,  and  a n i m a l s  

n o t  d y i n g  a c u t e l y  a r e  o b s e r v e d  f o r  l o n g e r - t e r m  e f f e c t s .  Such l o n g - t e r m  

o b s e r v a t i o n  i n  1 0 6 ~ u - 1 0 6 ~ h - e x p o s e d  d o g s  h a s  i d e n t i f i e d  a  p r e v i o u s l y  u n r e p o r t e d  

g a s t r o i n t e s t i n a l  r a d i a t i o n  syndrome i n  which  t h e  a n i m a l  s u r v i v e s  t h e  a c u t e  

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

r e p a i r  t h e  mucosa l  damage t o  t h e  l a r g e  i n t e s t i n e .  



ACUTE TOXICITY IN RATS AND DOGS OF INGESTED 

PROMETHIUM-147 AND RUTHENIUM-106 

I n v e s t i g a t o r s :  

M .  F .  S u l l i v a n ,  T. D .  Mahony and F.  T. C r o s s  

T e c h n i c a l  A s s i s t a n c e :  

P.  S .  Ruemmler, J .  L .  Beamer, M .  T. K a r a g i a n e s ,  

S .  Bayer and G .  W .  R .  Endres  

The o r a l  L D S 0  i n  r a t s  f o r  t h e  weak b e t a - e m i t t e r  1 4 7 ~ m  was 

a b o u t  6  C i / k g .  A c o m b i n a t i o n  of  o n e - h a l f  t h a t  d o s e  w i t h  o n e -  

h a l f  t h e  L D S 0  ( 9  mCi/kg) o f  t h e  h i g h  e n e r g y  b e t a - e m i t t e r ,  

l o 6 ~ u - l o 6 ~ h ,  c a u s e d  s i m i l a r  m o r t a l i t y .  Dea th  was due  t o  l a r g e  

bowel damage a s  a  consequence  o f  t h e  l o n g  r e s i d e n c e  t i m e  i n  

t h a t  segment .  Dogs f e d  d o s e s  i n  e x c e s s  o f  3 . 2  mCi/kg of 

l o 6 R u - l o 6 R h  d i e d  o f  e x t e n s i v e  l a r g e  bowel i n j u r y .  Dogs g i v e n  

d o s e s  between 2.75 and 3 . 2  mCi/kg o f t e n  s u r v i v e d  f o r  s e v e r a l  

weeks w i t h  p e r s i s t e n t  a n o r e x i a  and d i a r r h e a  b e f o r e  d y i n g  o f  i r -  

r e p a r a b l e  i n j u r y  t o  t h e  l a r g e  bowel .  

Both h i g h - e n e r g y  b e t a - e m i t t i n g  
r a d i o n u c l i d e s  s u c h  a s  l o 6 ~ u - l o 6 ~ h  
and low-energy  e m i t t e r s  such  a s  3~~ 
migh t  be r e l e a s e d  t o  t h e  env i ronment  
i n  t h e  e v e n t  o f  a  r e a c t o r  c a t a s t r o p h e .  
I n f o r m a t i o n  on t h e  a c u t e  t o x i c i t y  o f  
t h e s e  compounds was needed  f o r  t h e  
Rasmussen S tudy  R e p o r t  (Appendix V I ,  
WASH-1400). I n  l a s t  y e a r ' s  Annual 
R e p o r t  we p u b l i s h e d  t o x i c i t y  d a t a  on 
r a t s  and l i m i t e d  d a t a  on b e a g l e  d o g s  
f o r  an  i s o t o p e  a t  t h e  h i  h  end o f  t h e  
energy  s p e c t r u m ,  l o  6 R ~ -  lg6Rh.  The 
dog m o r t a l i t y  and h e m a t o l o g i c  d a t a  a r e  
now c o m p l e t e ,  a s  i s  t h e  d o s i m e t r i c  
i n f o r m a t i o n  ( d i s c u s s e d  i n  a n o t h e r  
volume o f  t h i s  Annual R e p o r t ) .  The 
b e t a - e m i t t e r  1 4 7 ~ m  ( a v e r a g e  e n e r g y ,  
0 .0621  Mev) i s  n o t  an a b u n d a n t  p r o d u c t  
of n u c l e a r  f i s s i o n ;  i t  was u s e d  i n  

t h e s e  s t u d i e s  a s  a  s t a n d - i n  f o r  more 
p rominen t  l o w - e n e r g y  b e t a  e m i t t e r s ,  
such  a s  03Ru ( a v e r a g e  e n e r g y ,  0 . 0 6 5 3  
Mev). Promethium-147 i s  p o o r l y  a b -  
s o r b e d  from t h e  GI t r a c t ,  h a s  a  more 
c o n v e n i e n t  h a l f - l i f e  t h a n  l o 3 R u  ( 2 . 6  
y e a r s  v e r s u s  40 d a y s ) ,  and i s  much 
l e s s  e x p e n s i v e .  

The l o 6 ~ u  and 1 4 7 ~ m  were o b t a i n e d  
a s  c h l o r i d e s  i n  a c i d  s o l u t i o n .  These  
were a d j u s t e d  w i t h  NaOH t o  a  pH o f  
1 . 0  and d i l u t e d  t o  p r o v i d e  an a d -  
m i n i s t e r e d  d o s e  o f  a b o u t  1 . 0  m l .  Dogs 
r e c e i v e d  l o 6 R u  mixed i n  a  1 0 0 - g  meat  
b o l u s  e a t e n  ad l i b i t u m  u n d e r  v i s u a l  - 
o b s e r v a t i o n .  P a s s a g e  t i m e  of  l o 6 ~ u  
t h r o u g h  t h e  dog was m o n i t o r e d  w i t h  
a p p r o p r i a t e  beta-gamma d e t e c t i o n  i n -  
s t r u m e n t s .  P a s s a g e  t i m e  of  t h e  i n -  
t e s t i n a l  c o n t e n t s  o f  r a t s  was-measured  



by a d m i n i s t e r i n g  1 0  u C i  o f  '""u p e r  
r a t  t o  200-g  r a t s  and k i l l i n g  them i n  
g r o u p s  o f  t h r e e  a t  0 ,  3 ,  6 ,  9 ,  1 2 ,  1 5 ,  
1 8 ,  21 and 24 h o u r s .  R u t h e n i u m - 1 0 6  
a c t i v i t y  was d e t e r m i n e d  i n  s e g m e n t s  
o f  t h e  u p p e r  and  l o w e r  c o l o n  and cecum.  
The d a t a  f r o m  t h i r  s t u d y  a r e  shown i n  
F i g u r e  1 6 . 1  a l o n g  w i t h  d a t a  p r e v i o u s l y  
o b t a i n e d  i n  t h i s  l a b o r a t o r y  by 
Thompson and H o l l i s  (Annual  R e p o r t ,  
1 9 5 5 )  a n d  by S i k o v  a n d  Mahlum (Annual  
R e p o r t ,  1 9 6 7 )  u n d e r  somewhat d i f f e r e n t  
c o n d i t i o n s .  An 1 8 - h o u r  f a s t  b e f o r e  

l o 6 R u  a d m i n i s t r a t i o n  was r e s p o n s i b l e  
f o r  t h e  more r a p i d  e m p t y i n g  o f  t h e  
bowel  i n  t h e  Thompson and H o l l i s  s t u d y .  
S i k o v  and Mahlum q u a n t i f i e d  t h e  c o n -  
t e n t  a t  o n l y  t h r e e  t i m e  p e r i o d s  a n d  
c o n s i d e r e d  t h e  c o l o n  a s  a  s i n g l e  s e g -  
men t .  On t h e  b a s i s  o f  t h e  p a s s a g e  
t i m e  r e p o r t e d  h e r e  i t  was  p o s s i b l e  t o  
c a l c u l a t e  m u c o s a l  s u r f a c e  d o s e s  o f  
4200 r a d s  t o  t h e  cecum,  2000 r a d s  t o  
t h e  u p p e r  c o l o n  a n d  1500 r a d s  t o  t h e  
l o w e r  c o l o n  f r o m  a n  L D 5 ,  ( 9  mCi/kg)  
o f  1 0 6 ~ ~ -  1 0 6 ~ h .  

0 CECUM 
A UPPER LARGE INTESTINE 
v LOWER LARGE INTESTINE 
0 WHOLE LARGE INTESTINE 

SULLIVAN (NONFASTED) --- THOMPSON AND HOLLIS (FASTED) 
S l  KOV AND M A H L U M  INONFASTED) 

6 12 18 

P O S T A D M I N I  STRATION 

FIGURE 1 6 . 1 .  P a s s a  e  Time o f  I n t e s t i n a l  C o n t e n t s  La- E b e l e d  w i t h  1 0 6 ~ u - 1 0  Rh Through  t h e  L a r g e  Bowel o f  F a s t e d  
a n d  N o n f a s t e d  R a t s .  

M o r t a l i t y  d a t a  f o r  1 4 7 ~ m  i n  r a t s  
was o b t a i n e d  i n  o n l y  a  f ew a n i m a l s  
b e c a u s e  o f  t h e  v e r y  l a r g e  q u a n t i t i e s  
o f  t h i s  i s o t o p e  n e c e s s a r y  t o  c a u s e  
d e a t h  ( T a b l e  1 6 . 1 ) .  The L D S o  o f  
l o 6 ~ ~ - l 0 6 ~ h  was a p p r o x i m a t e l y  
9  mCi/kg;  t h e  med ian  l e t h a l  d o s e  f o r  
t h e  1 i m i  t e d  number o f  1 4  7 ~ m -  gavaged  
r a t s  was n e a r  6  C i / k g .  Doses  o f  
a b o u t  o n e - h a l f  t h e  LD50 f o r  b o t h  r u -  
t h e n i u m  a n d  p rometh ium w e r e  a d m i n i s -  
t e r e d  t o  m e a s u r e  t h e i r  combined t o x i -  
c i t y .  D e a t h  d i d  r e s u l t  f rom t h i s  

m i x t u r e ,  s u g g e s t i n g  t h a t  t h e  mecha-  
n i sms  f o r  c a u s i n g  d e a t h  f r o m  g u t  i n -  
j u r y  w e r e  s i m i l a r  a n d  a d d i t i v e  f o r  
t h e  two r a d i o n u c l i d e s  ( T a b l e  1 6  . I ) .  

Hematology d a t a  o b t a i n e d  on 
1 4 7 ~ m - e x p o s e d  r a t s  a t  5 d a y s  a f t e r  
g a v a g e  w i t h  7 .2  C i / k g  i n d i c a t e d  a  30% 
d e c r e a s e  i n  t h e  l y m p h o c y t e  c o u n t  a n d  
1 4 0 %  i n c r e a s e  i n  t h e  n e u t r o p h i l  c o u n t .  
S e r i a l  b l e e d i n g  a f t e r  0 6 ~ u  i n g e s t i o n  
(1975  Annual  R e p o r t )  i n d i c a t e d  t h a t  
l y m p h o c y t e s  were  l o w e s t  3 d a y s  a f t e r  





'I'AULI: 1 6 . 2 .  M o r t a l i t y  and S u r v i v a l  
Da ta  f o r  Inp ,es tcd  lo61<u-  l o 6 ~ 1 l  i n  Dogs. 

DOG NUMBER SEX 
-- -- 

MO FEMALE 

987 MALE 

1015 FEMALE 

988 MALE 

1017 FEMALE 

963 FEMALE 

1016 FEMALL 

AGE AT DOSING. 
months 

69 

43 

43 

40 

42 

44 

40 

DOSE 
m c l l k g  - 
2.25 

2.25 

2.25 

2.6 

2 8  

2.9 

2 9 

WT AT DEATH 
S U R V I V A L T I M ,  %OF WT 

days AT DOSING 

181'~' 

985 FEMALE 44 2 9 116 78 

1477 MALE 7 2 9 26 Y 

1497 MALE 7 2 9 19 42 

1479 MALE 9 2 9 25 57 

1482 MALE 9 2 9 24 59 

1021 MALE 40 3.0 25 M 

984 FEMALE 41 3.2 25 89 

967 MALE 42 3.5 12 70 

969 MALE 43 3.5 9 77 

968 MALE 42 3.7 25 57 

986 FEMALE 42 3.7 15 68 

1019 MALE 39 3. 9 12 76 

la' TIMEFOLLOWING ADMINISTRATION  OF"'%^ TO DEATH OR SACRIFICE 
WHEN MORIBUND 

Ib' PLANNED SACRIFICE OF NON-MORIBUND ANIMAL 

were  accompan ied  by a  c h e m i c a l  p e r i -  
t o n i t i s .  The min imal  e v i d e n c e  o f  
r a d i a t i o n  i n j u r y  a r o u n d  t h e  s i t e  and  
t h e  low r e a d i n g s  on a d j a c e n t  d o s i m -  
e t e r s  s u g g e s t  t h a t  u l c e r a t i o n  may h a v e  
been  i n d u c e d  by t h e  s t r e s s  o f  s t a r v a -  
t i o n  ( a b o u t  1 4  d a y s ) ,  r a t h e r  t h a n  by 
i r r a d i a t i o n .  The segment  of  t h e  bowel 
most s e v e r e l y  damaged by p a s s a g e  o f  
l o 6 ~ u  was t h e  c o l o n ,  p a r t i c u l a r l y  t h e  
m i d c o l o n .  The e p i t h e l i u m  o f  t h a t  a r e a  
was o f t e n  t o t a l l y  d e s t r o y e d  and r e -  
p l a c e d  by a  l a m i n a  p r o p r i a  c o n s i s t i n g  
o f  l a r g e  n o n - n u c l e a t e d  c e l l s  c o v e r e d  
b y  s u r f a c e  e x u d a t e  o f  l e u k o c y t e s  
( F i g u r e  1 6 . 4 ) .  

I n  c o n t i n u i n g  s t u d i e s  w i t h  r a t s ,  a n  
e x t e r n a l  gamma d o s e  o f  50  r a d s  from 
a  6 0 ~ o  s o u r c e  i s  b e i n g  d e l i v e r e d  two 
h o u r s  7 r i o r  t o  a n  LDS0 d o s e  of 

O ~ R U - { O ~ R ~ .  T h i s  w i l l  more c l o s e l y  
s i m u l a t e  t h e  k i n d  o f  e x p o s u r e  t h a t  
m i g h t  be  r e c e i v e d  f rom a r e a c t o r  

0 DOG 1497 

- rn DOG 1479 

0 DOG 1487 

* DEATH 

DAYS POSTADMINISTRATION OF lNRu - lNRh 

DOG 1477 

0 DOG 1497 
- DOG 1479 

0 DOG 1482 

* DEATH 
I 

I 
0 I I 

-28 -14 0 8 16 24 32 

DAYS POSTADMINISTRATION OF lmRu - lmkh  

FIGURE 1 6 . 3 .  Lymphocyte a n d  N e u t r o  
p h i 1  Coun t s  o f  B e a g l e  Dogs Admin i s -  
t e r e d  2 . 9  mCi/kg o f  l o 6 ~ u - l o 6 ~ h .  





TOXICOLOGY OF CHRONICALLY FED 9 0 ~ r  IN MINIATURE SWINE 

P e r s o n  i n  Charge :  H .  A .  Ragan 

T h i s  n o w - t e r m i n a t e d  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1 9 5 8 .  I t  h a s  s o u g h t  

t o  e s t a b l i s h  t h e  d o s e - e f f e c t  r e l a t i o n s h i p s  f o l l o w i n g  d a i l y  e x p o s u r e  t o  i n g e s -  

t e d  9 0 S r  t h r o u g h  t h e  l i f e  s p a n s  o f  t h r e e  g e n e r a t i o n s  o f  m i n i a t u r e  s w i n e .  I n  

summary, a t  d a i l y  i n g e s t e d  d o s e  l e v e l s  of 1 and 5  u C i / d a y ,  no l i f e  s h o r t e n i n g  

o c c u r r e d  b u t  a  c h r o n i c  n e u t r o p e n i a  was m a n i f e s t e d .  A t  25,  1 2 5 ,  625 and 3100 

p C i / d a y ,  d o s e - r e l a t e d  l i f e  s h o r t e n i n g  and h e m a t o p o i e t i c  d y s c r a s i a s  were  e v i -  

d e n t .  No e f f e c t s  on r e p r o d u c t i v e  p e r f o r m a n c e  o r  t e r a t o g e n i c i t y  o c c u r r e d  i n  

1 -  t h r o u g h  625-uCi /day  f e e d i n g  l e v e l s .  A h i g h  i n c i d e n c e  o f  n e p h r i t i s ,  a r t h r i -  

t i s ,  c y s t i c  e n d o m e t r i t i s ,  and b e n i g n  u t e r i n e  tumors  o c c u r r e d  i n  a l l  aged  

s w i n e  r e g a r d l e s s  o f  d o s e  l e v e l ,  i n c l u d i n g  c o n t r o l  a n i m a l s .  Bone tumors  w e r e  

i n f r e q u e n t l y  o b s e r v e d ,  b u t  aged  swine  f e d  25 uCi /day  had a n  i n c r e a s e d  i n c i -  

d e n c e  o f  b o t h  b e n i g n  and m a l i g n a n t  neop lasms  o f  s o f t  t i s s u e .  

A l l  r e m a i n i n g  swine  o n  t h i s  p r o j e c t  have  b e e n  k i l l e d  and t h e  t o t a l  d o s e -  

e f f e c t  d a t a  a r e  b e i n g  s u b j e c t e d  t o  s t a t i s t i c a l  a n a l y s i s .  A m a j o r  p u b l i c a t i o n  

e f f o r t  i s  e n v i s i o n e d  d u r i n g  t h e  c o u r s e  of t h e  n e x t  y e a r .  
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BIOCHEMICAL INDICES OF POLLUTANT CARCINOGENICITY 

P e r s o n  i n  C h a r g e :  J .  E .  M o r r i s  

T h i s  r e l a t i v e l y  new p r o j e c t  s e e k s  t o  a n a l y z e ,  i n  a n  i n t e g r a t e d  model 

s y s t e m ,  t h e  p r o b l e m  o f  t h e  e t i o l o g y  o f  tumor  i n d u c t i o n  by  e n e r g y - r e l a t e d  

c a r c i n o g e n s  i n  t e r m s  o f  p h y s i o l o g i c a l ,  i m m u n o l o g i c a l ,  and v i r o l o g i c a l  e v e n t s .  

S t u d i e s  a t  t h i s  l a b o r a t o r y  h a v e  shown t h a t  p l u t o n i u m ,  i n  t h e  f o r m  o f  

i n h a l e d  p a r t i c l e s  o f  3 9 P ~ 0 2 ,  p r o d u c e s  a  d o s e - r e l a t e d  lymphopen ia  i n  t h e  

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

b e a g l e  dog a n d  r a t .  I t  i s  t h i s  s y s t e m  o f  t u m o r i g e n e s i s  w h i c h  we a r e  u s i n g  

a s  o u r  model t o  d e f i n e ,  i d e n t i f y ,  a n d  e v a l u a t e  b a s i c  c h a n g e s  o c c u r r i n g  d u r -  

i n g  t h e  o n c o g e n i c  p r o c e s s  i n  t e r m s  o f  t h e  immune c o m p e t e n c e ,  g e n e t i c  e x p r e s -  

s i o n  and  b i o c h e m i c a l  p o t e n t i a l  o f  t h e  e x p o s e d  a n i m a l .  

S t u d i e s  o f  t h e  e f f e c t s  o f  i n h a l e d  p l u t o n i u m  o n  immune compe tence  w i l l  

i n c l u d e  a n  e x a m i n a t i o n  o f  t h e  a b i l i t y  o f  t h e  immune s y s t e m  o f  t h e  e x p o s e d  

a n i m a l  t o  r e c o g n i z e  f o r e i g n  a n t i g e n s  and  t h u s  r e s p o n d  t o  them; a n d  t o  s u r v e y  

i t s  own a n t i g e n s  and  t h u s ,  p e r h a p s ,  t o  r e j e c t  n e o p l a s t i c  c e l l s  a n d  m a i n t a i n  

n o r m a l  t i s s u e  a n t i g e n i c i t y .  S t u d i e s  r e l a t i n g  t o  g e n e t i c  f a c t o r s  w i l l  i n v e s -  

t i g a t e  t h e  e x p r e s s i o n  o f  q u i e s c e n t  g e n e s  ( v i r a l  genomes ,  s y n t h e s i s  o f  new 

c e l l - s u r f a c e  a n t i g e n s ,  f o r  e x a m p l e )  i n  l u n g  t i s s u e  a n d  i n  c u l t u r e d  c e l l s  

f r o m  a n i m a l s  t h a t  h a v e  i n h a l e d  p l u t o n i u m .  

I t  i s  hoped  t h a t  t h e s e  s t u d i e s ,  p r o c e e d i n g  i n  a  c o r r e l a t e d  f a s h i o n ,  will 

l e a d  t o  t h e  d e t e r m i n a t i o n  o f  t h o s e  e v e n t s  o c c u r r i n g  e a r l y  i n  t h e  c o u r s e  o f  

i n h a l e d  Pu t o x i c i t y ;  f r o m  i n i t i a t i o n ,  p e r h a p s  a t  t h e  c e l l  genome, t o  e x p r e s -  

s i o n  i n  t h e  fo rm o f  c h a n g e d  b i o c h e m i c a l  p o t e n t i a l  and a l t e r e d  t i s s u e  a n t i -  

g e n i c i t y .  T h i s  s h o u l d  l e a d  t o  t h e  d e v e l o p m e n t  a n d  u n d e r s t a n d i n g  o f  t h e  

mechanism o f  t u m o r i g e n e s i s  a n d  p r o v i d e  m e t h o d o l o g i e s  and  i n f o r m a t i o n  e s s e n -  

t i a l  t o  t h e  d e t e r m i n a t i o n  o f  t h e  e a r l y  e f f e c t s  f o r  a  w i d e  v a r i e t y  o f  e n e r g y -  

r e l a t e d  c a r c i n o g e n s .  
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HEMATOLOGIC EFFECTS OF 2 3 9 P ~ ~ 2  INHALATION IN RATS 

I n v e s t i g a t o r :  

H .  A .  Ragan 

T e c h n i c a l  A s s i s t a n c e :  

S .  L .  E n g l i s h ,  D .  H .  Hun t e r ,  M .  C .  P e r k i n s ,  

E. D .  B l a n t o n ,  and D .  Meier  

I n  r a t s ,  mean l u n g  burdens  o f  a b o u t  800 nCi o f  2 3 9 P ~  r e -  

s u l t e d  i n  a  s i g n i f i c a n t  lymphocyte  d e p r e s s i o n  by 30 days  

p o s t e x p o s u r e .  Th i s  was f o l l o w e d  by a  marked and p r o g r e s s i v e  

n e u t r o p h i l i a  o v e r  t h e  n e x t  60 d a y s .  Ext rapulmonary  2 3 9 P ~  

c o n c e n t r a t i o n s  were ~ 5 %  o f  t h e  l u n g  bu rden .  

Twenty female  W i s t a r  r a t s  80 days  
o f  age  were exposed  ( n o s e - o n l y )  t o  
p lu ton ium d i o x i d e .  The 2 3 9 P ~ 0 2  
a e r o s o l  had an a c t i v i t y  mean a e r o -  
dynamic d i a m e t e r  (AMAD) o f  2 .46 p m  
w i t h  a  g e o m e t r i c  s t a n d a r d  d e v i a t i o n  
of  1 . 6  pm and a  c o n c e n t r a t i o n  o f  
0.976 p C i / L .  The exposu re  p e r i o d  was 
90 minu t e s .  F i f t e e n  a g e - r e l a t e d  con-  
t r o l s  were sham-exposed f o r  a  compar- 
a b l e  p e r i o d .  Blood samples  were 
o b t a i n e d  p e r i o d i c a l l y  from t h e  t a i l  
v e i n  f o r  hema to log i c  e v a l u a t i o n s .  
Both groups  of  r a t s  were housed and 
hand l ed  under  i d e n t i c a l  c o n d i t i o n s  
t h roughou t  t h e  s t u d y .  

F i v e  r a t s  were k i l l e d  30 days  f o l -  
lowing  exposu re  t o  d e t e r m i n e  2 3 9 P ~  
r e t e n t i o n .  Of t h e  r ema in ing  1 5  e x -  
posed r a t s ,  11 d i e d  o r  were e u t h a n i z e d  
between 46 and 84 days  p o s t e x p o s u r e ,  
and f o u r  s a c r i f i c e d  on Day 86.  

l u n g  burden  a t  d e a t h  was 740 p C i  
( r ange  300-1600) .  The t o t a l  e x t r a -  
pulmonary burden  o f  2 3 9 ~ ~  was l e s s  
t h a n  5% o f  t h e  l ung  burden  a t  any  
t ime  p e r i o d  (Tab l e  1 8 . 1 ) .  

Leukocyte  v a l u e s  f o r  t h e  exposed  
and c o n t r o l  g roups  a r e  shown i n  
F i  u r e  1 8 . 1 .  By 30 days  a f t e r  g Pu02 i n h a l a t i o n ,  mean lymphocyte  

TABLE 1 8 . 1 .  T i s s u e  Burdens i n  R a t s  
Follow'lng2 3 9 ~ ~ 0 2  I n h a l a t i o n  
(Mean + SD). 

*j9pu, n c i  
-- 

TISSUE ~ D A Y S  (N=  5 )  46-86 DAYS ( N =  15) 

LUNG 960 * 460 740 + 400 

TRACHEOBRONCHIAL 5 k  7 6 + 8  
LYMPH NODES 
LIVER Q 9 *  a 6  1.9 + 1.6 

The mean 2 3 9 P ~  l u n g  burden  o f  t h e  SPLEEN a 3  a2 a 4  + a 4  
f i v e  r a t s  k i l l e d  30 days  a f t e r  expo-  
s u r e  was 960 nCi  ( r a n g e  450-1600)  ; CARCASS 30 * 12 29 + 51  
f o r  t h e  r ema in ing  15 r a t s  t h e  mean 
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FIGURE 1 8 . 1 .  Leukocyte E v a l u a t i o n s  i n  Ra t s  Exposed 
t o  2 3 9 ~ u 0 2  by I n h a l a t i o n  and C o n t r o l  Rats  (Mean + SD). 

v a l u e s  were ~ 5 0 %  o f  p r e - e x p o s u r e  
v a l u e s ,  whereas t h o s e  from t h e  con-  
t r o l  group were comparable  t o  p r e -  
exposure  l e v e l s .  By 60 days  p o s t -  
exposure  t h e r e  was ev idence  o f  some 
r ecove ry  i n  lymphocyte v a l u e s ,  which 
co r r e sponded  i n  t ime  t o  a  marked f a l l  
i n  c o n t r o l  v a l u e s ,  s o  t h a t  c o n t r o l  
and e x p e r i m e n t a l  g roups  d i d  n o t  d i f f e r  
markedly.  A pronounced n e u t r o p h i l i a  
was e v i d e n t  i n  t h e  exposed  r a t s  by 
Day 60 p o s t e x p o s u r e  and t h i s  c o n t i n u e d  
through t h e  r ema inde r  o f  t h e  s t u d y .  
A modest i n c r e a s e  i n  monocyte concen-  
t r a t i o n s  was e v i d e n t  by Day 80 p o s t -  
exposu re ,  b u t  n o t  p r e v i o u s  t o  t h a t  
t ime .  E o s i n o p h i l  v a l u e s  o f  t h e  
p lu tonium-exposed  r a t s  were always 
comparable  t o  t h o s e  o f  t h e  c o n t r o l  
g roups .  

A l l  exposed r a t s  l o s t  we igh t  and 
e x h i b i t e d  an e l e v a t e d  r e s p i r a t o r y  
r a t e  p r i o r  t o  d e a t h .  A t  n e c r o p s y ,  
t h e  l ungs  had v a r y i n g  d e g r e e s  o f  con-  
s o l i d a t i o n  and edema, b u t  n e i t h e r  was 
ex t reme.  The t r a c h e o b r o n c h i a l  lymph 
nodes were u s u a l l y  much more prominent  
t han  normal ,  b u t  t h i s  may have been a  
r e l a t i v e  change.  I t  was o f  i n t e r e s t ,  
and p o s s i b l y  s i g n i f i c a n t ,  t h a t  t h e  
thymus was n o t  d i s c e r n i b l e  i n  r a t s  
w i t h  marked polypnea  and we igh t  l o s s .  
While i t  i s  known t h a t  s t a r v a t i o n  
r e s u l t s  i n  thymic i n v o l u t i o n ,  i t  i s  
n o t  p o s s i b l e  t o  d e t e r m i n e  from t h i s  
s t u d y  whether  t h e  l o s s  o f  thymic 
t i s s u e  preceded  o r  fo l l owed  t h e  we igh t  
l o s s ,  o r  t o  know t h e  s t a t u s  o f  t h e  
thymus a t  t h e  n a d i r  o f  t h e  lymphopenia.  
F u t u r e  s t u d i e s  w i l l  i n v e s t i g a t e  t h e s e  
i n t e r r e l a t i o n s h i p s .  



DENSITY GRADIENT SEPARATION AND SIZE 

DISTRIBUTION OF BEAGLE LYMPHOCYTES 

I n v e s t i g a t o r :  
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T e c h n i c a l  A s s i s t a n c e :  
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D e n s i t y  g r a d i e n t  t e c h n i q u e s  f o r  o b t a i n i n g  p u r e ,  s i n g l e - c e l l  

s u s p e n s i o n s  o f  p e r i p h e r a l  b l o o d  m o n o n u c l e a r  c e l l s  were  a p p l i e d  

t o  b e a g l e  dogs  t h a t  h a d  i n h a l e d  p l u t o n i u m .  T h e r e  was a  t e n -  

dency  t o w a r d  a  l o s s  o f  i n t e r m e d i a t e - s i z e  l y m p h o c y t e s  i n  dogs  

w i t h  2 3 9 P ~  l u n g  b u r d e n s ,  a n d  a  s h i f t  t o  l a r g e r  c e l l s  when com- 

p a r e d  w i t h  c o n t r o l  d o g s .  

B e a g l e  dogs  e x p o s e d  t o  2 3 9 ~ ~ 0 2  by 
i n h a l a t i o n  d e v e l o p  a  s e l e c t i v e  d o s e -  
r e l a t e d  lymphopen ia  a n d ,  a t  c e r t a i n  
e x p o s u r e  l e v e l s ,  a  h i g h  i n c i d e n c e  o f  
pu lmonary  n e o p l a s m s .  I n  o r d e r  t o  
s t u d y  s p e c i f i c  c h a r a c t e r i s t i c s  a n d  
immunologic  f u n c t i o n s  o f  t h e  lympho- 
c y t e  p o p u l a t i o n s  a f f e c t e d  by p l u t o -  
nium i n h a l a t i o n ,  e f f i c i e n t  s e p a r a t i o n  
p r o c e d u r e s  a r e  r e q u i r e d  t o  i s o l a t e  
t h e s e  l y m p h o c y t e s  f rom o t h e r  b l o o d  
c e l l s .  The method s e l e c t e d  was a  
F i c o l l - I s o p a q u e  d e n s i t y  g r a d i e n t ,  
s i n c e  t h i s  a p p e a r e d  t o  h a v e  t h e  l e a s t  
p o s s i b i l i t y  o f  a l t e r i n g  t h e  lympho- 
c y t e s ,  o r  o f  s e l e c t i n g  a  s p e c i f i c  
p o p u l a t i o n .  

The p r o c e d u r e  u s e d  i s  summarized 
i n  T a b l e  1 8 . 2 .  The c h o i c e  o f  a n t i -  
c o a g u l a t i o n  method i s  i m p o r t a n t  d e -  
p e n d i n g  on t h e  u s e  i n t e n d e d  f o r  t h e  
i s o l a t e d  c e l l s :  D e f i b r i n a t i o n  r e -  
moves p l a t e l e t s  b u t  r e s u l t s  i n  a n  
i n i t i a l  l e u k o c y t e  l o s s  o f  a b o u t  20% 
and  a  lymphocy te  l o s s  o f  a b o u t  30% 
when compared w i t h  b l o o d  c o l l e c t e d  i n  
EDTA. T h e s e  l o s s e s  a r e  u n d o u b t e d l y  
due  t o  t r a p p i n g  i n  f i b r i n  m a s s e s .  
F i b r i n  a g r e g a t e s  a l s o  i n t e r f e r e  w i t h  
s i z e  d i s t r i b u t i o n  s t u d i e s  a n d  w i t h  
d e t e r m i n a t i o n  o f  IgG b i n d i n g  s i t e s .  
H e p a r i n  r e s u l t s  i n  a n  i r r e v e r s i b l e  

TABLE 1 8 . 2 .  Method f o r  D e n s i t y  
G r a d i e n t e p a r a t i o n  o f  B e a g l e  
Lymphocytes .  

1) DEFI BRINATE OR ANTICOAGULATE 

2 )  M I X  2 m l  OF BLOOD AND 2 m l  OF SALINE 

3 )  LAYER ON 3 rnl F ICOLL- ISOPAQUE I N  1 2 x 1 0 0  rnm GLASS TUBE 

4 )  SEDIMENT 4 5  MINUTES I N  COLD ROOM 

5) CENTRIFUGE 6 0  MINUTES AT 403-1009 X q 

6 )  CAREFULLY ASPIRATE MONONUCLEAR BAND 

7)  W A S H  CELLS 3 X  I N  TRI  S lBSS  OR SAL INE  

8) RESUSPEND I N  AUTOLOGOUS SERUM 

a g g r e g a t i o n  o f  l e u k o c y t e s  when t h e y  
a r e  c o n c e n t r a t e d ,  and  t h e  f i n a l  
l y m p h o c y t e  s u s p e n s i o n  i s  h e a v i l y  c o n -  
t a m i n a t e d  w i t h  p l a t e l e t s .  B lood  c o l -  
l e c t e d  i n  a c i d - c i t r a t e - d e x t r o s e  (ACD) 
and  s e d i m e n t e d  i n  d e x t r a n  p r i o r  t o  
g r a d i e n t  s e p a r a t i o n  r e s u l t e d  i n  h e a v y  
p l a t e l e t  c o n t a m i n a t i o n ,  l o s s  o f  l e u -  
k o c y t e s ,  and  r e d u c e d  v i a b i l i t y  o f  t h e  
l y m p h o c y t e s .  EDTA, t h e  a n t i c o a g u l a n t  
u l t i m a t e l y  s e l e c t e d ,  r e s u l t e d  i n  good 
lymphocy te  s e p a r a t i o n  e x c e p t  f o r  
marked p l a t e l e t  c o n t a m i n a t i o n .  



The EDTA/Ficol l -Isopaque p r e p a r a -  
t i o n s  r e s u l t e d  i n  a  c o n s i s t e n t l y  h i g h  
p r o p o r t i o n  of  lymphocytes ,  and contam- 
i n a n t s  were u s u a l l y  r e s t r i c t e d  t o  
o t h e r  mononuclear  c e l l s ,  i . e . ,  
monocytes .  However, i f  t h e r e  i s  a  
tendency  t o  e o s i n o p h i l i a  i n  t h e  
p e r i p h e r a l  b l o o d ,  t h e s e  c e l l s  a r e  
c o n c e n t r a t e d  and t h e  f i n a l  s u s p e n s i o n  
may c o n t a i n  20-60% e o s i n o p h i l s .  
O the r  g r a n u l o c y t e s  a r e  r a r e l y  p r e s e n t .  

V i a b i l i t y  of i s o l a t e d  lymphocytes ,  
a s  e v a l u a t e d  by t r y p a n  b l u e  e x c l u s i o n ,  
was 99 .5  + 0 . 8 %  (mean 2 SD) i n  d e -  
f i b r i n a t e d  b l o o d ,  96 .5  + 1% i n  EDTA 
b lood ,  and 76 .5  + 2 . l% i n  ACD/dextran- 
sed imented  b l o o d .  Recovery o f  lympho- 
c y t e s  from t h e  p e r i p h e r a l  blood was 
33 + 11% u s i n g  d e f i b r i n a t e d  b lood ,  
and 52 .8  + 1 2 . 1 %  when t h e  b lood  was 
c o l l e c t e d  i n  EDTA. 

I s o l a t e d  lymphocytes  were d i s t r i b -  
u t e d  by volume u s i n g  a  C o u l t e r  coun- 
t e r  and m u l t i c h a n n e l  a n a l y z e r ,  and 
t h e  r e s u l t s  p l o t t e d  on an  X - Y  
r e c o r d e r .  

I n i t i a l  e f f o r t s  t o  e l i m i n a t e  any 
c o n t r i b u t i o n  from o c c a s i o n a l  r e d  c e l l s  
o r  p l a t e l e t  a g g r e g a t e s ,  u s i n g  a com- 
m e r c i a l  l y s i n g  a g e n t ,  were unsucces s -  
f u l  because  t h e  t r e a t m e n t  a l s o  l y s e d  

t h e  cy top l a sm o f  t h e  lymphocytes  s o  
t h a t  on ly  t h e  nuc l eus  remained .  With 
subsequen t  e x p e r i e n c e  i n  u s i n g  t h e  
g r a d i e n t ,  e r y t h r o c y t e s  were a b s e n t  
from t h e  s .uspens ion ,  and p l a t e l e t s  
were e l i m i n a t e d  from t h e  p l o t s  by 
p r o p e r  i n s t r u m e n t  s e t t i n g s .  Lympho- 
c y t e  s i z e  d i s t r i b u t i o n s  i n  dogs w i t h  
2 3 9 ~ ~  lung  bu rdens  o f  500-1500 nCi ,  
a s  compared w i t h  t h e i r  a g e - r e l a t e d  
c o n t r o l s ,  a r e  shown i n  F i g u r e  1 8 . 2 .  
There was c o n s i d e r a b l e  i n d i v i d u a l  
v a r i a t i o n  i n  t h e  lymphocyte s i z e  d i s -  
t r i b u t i o n  of  b o t h  g roups .  However, 
i t  i s  c l e a r  t h a t  t h e  mean s i z e  d i s t r i -  
b u t i o n  cu rve  of  239Pu-exposed  dogs i s  
f l a t t e r  t han  t h a t  o f  c o n t r o l s ;  t h e  
skewness ,  however, i s  more a p p a r e n t  
t o  t h e  r i g h t ,  i . e . ,  t o  l a r g e r  c e l l  
t y p e s .  

We w i l l  c o n t i n u e  t o  f o l l o w  t h e s e  
changes i n  dogs a t  v a r i o u s  i n t e r v a l s  
f o l l o w i n g  p lu tonium i n h a l a t i o n .  They 
w i l l  a l s o  be c o r r e l a t e d  w i t h  o t h e r  
c h a r a c t e r i z a t i o n s  o f  t h e  lymphocyte 
p o p u l a t i o n s  i n f l u e n c e d  by t h e s e  expo- 
s u r e s .  The d e n s i t y  g r a d i e n t  s e p a r a -  
t i o n  i s  a l s o  e f f e c t i v e  i n  t h e  i s o l a -  
t i o n  o f  c e l l s  from pulmonary l a v a g e  
spec imens ,  and s i z e  d i s t r i b u t i o n  d a t a  
may i n d i c a t e  e a r l y  changes i n  pulmo- 
n a r y  c e l l s  n o t  d e t e c t a b l e  by o t h e r  
means. 

@-• CONTROLS (n- 11) 

T T T 
.---. n 9 ~ u ~ 2  EXPOSED (n - 11) 

o ' l m - 1 2 9  130-149 ~ 150-169 1 170-189 l,-zlo i zll-, / ,-2% 1 256-279 1 B0-299 ~ 3 W O  

1 

SIZE RANGE. u 3  

FIGURE 18 .2 .  Lymphocyte S i z e  D i s t r i b u t i o n  i n  C o n t r o l  
Dogs and Dogs Exposed t o  2 3 9 ~ ~ 0 2 b y  I n h a l a t i o n  (mean + SD 
a b o u t  c o n t r o l  mean) 



EFFECTS OF PLUTONIUM ON THE IMMUNE SYSTEM: IMMUNOGLOBULIN-M IN 

BEAGLE DOGS EXPOSED TO PLUTONIUM AND IN UNEXPOSED CONTROLS 
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Serum Immunoglobulin-M (IgM) l e v e l s  i n  p l u t o n i u m - o x i d e -  

e x p o s e d  and  unexposed  b e a g l e  dogs  were  m e a s u r e d  w i t h  a  M a n c i n i  

a s s a y .  Wi th  t h i s  a s s a y ,  t h e r e  was no a p p a r e n t  d i f f e r e n c e  i n  

IgM l e v e l s  be tween  t h e  c o n t r o l  g r o u p  a n d  g r o u p s  o f  dogs  w i t h  

d i f f e r i n g  amounts  o f  2 3 8 P ~ 0 2  o r  2 3 9 ~ ~ 0 2  d e p o s i t e d  i n  t h e  l u n g .  

I n  a  c o n t i n u i n g  s t u d y  t o  a s c e r t a i n  
t h e  e f f e c t s  o f  i n h a l e d  p l u t o n i u m  o x i d e  
on  t h e  immune s y s t e m ,  t h e  se rum IgM 
l e v e l s  o f  b e a g l e  dogs  w e r e  m e a s u r e d .  
These  measurements  w i l l  p r o v i d e  b a s e -  
l i n e  d a t a  n e c e s s a r y  t o  t h e  u n d e r s t a n d -  
i n g  o f  e f f e c t s  o f  i n h a l e d  p l u t o n i u m  
o x i d e  o n  t h e  humora l  components  o f  t h e  
immune mechanism.  

However,  p r e l i m i n a r y  d a t a  o b t a i n e d  
f rom l i t t e r  m a t e s  e x p o s e d  t o  d i f f e r -  
e n t  l e v e l s  o f  p l u t o n i u m  s u g g e s t  t h a t  
t h e r e  may be  a  g e n e t i c  component t o  
p l u t o n i u m  o x i d e  e f f e c t  on  c i r c u l a t i n g  
immunoglobu l in  l e v e l s  which  w i l l  
r e q u i r e  a d d i t i o n a l  s t u d y  f o r  f i n a l  
a n a l y s i s .  

D u r i n g  t h e  p a s t  y e a r  o v e r  4000 
ppp -- -- -- 

c a n i n e  serum s a m p l e s  f rom e x p o s e d  and -1 

unexposed  f e m a l e  b e a g l e  dogs  were  a" 
a s s a y e d  w i t h  a  M a n c i n i  a s s a y .  The 2 -  . . . . .  . . . .  . . . . .  . . . .  

. . I  . t  ... -2;>c . .'>:-4--L; 
a n i m a l s  r a n g e d  i n  a g e  f rom 1 t o  6 5 - 2 + + ~ y - . ~  . . .  , ..... - .: . .  .. t . ... . ! 

E r '  . . . .  . . . . .  y e a r s .  The IgM l e v e l s  i n  unexposed  
VI m a l e  and  f e m a l e  b e a g l e  dogs  a r e  e s s e n -  d o-LLLL- --L-- 

t i a l l y  t h e  same,  and  show a  s l i g h t  G 
i n c r e a s e  d u r i n g  t h i s  t i m e  ( F i g u r e  1 8 . 3 )  . g  4 L  

LL 

0 

The IgM l e v e l s  i n  b e a g l e  d o g s ,  1 
t o  48 months  a f t e r  e x p o s u r e  t o  2 3 8 ~ ~ ~  

w e r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t  f rom 
t h o s e  o f  unexposed  c o n t r o l s .  The 
r a n g e  o f  2 3 8 ~ ~ 0 2  d e p o s i t i o n  i n  t h e  
l u n g  was f rom < 0 . 0 0 0 1  t o  6 v C i .  
N e i t h e r  was t h e r e  a n y  s i g n i f i c a n t  
d i f f e r e n c e  i n  IgM l e v e l s  o f  d o g s  r e -  
c e i v i n g  an i n i t i a l  d e e p  l u n  d e p o s i -  
t i o n  o f  c0 . O O 1  t o  5 v C i  o f  ' 3 9 P ~ 0 2 .  

AGE. months 

FIGURE 1 8 . 3 .  A g e - r e l a t e d  Serum IgM 
L e v e l s  i n  Male  and Female  B e a g l e  Dogs .  



DNA POLYMERASE ACTIVITY IN RADIATION-INDUCED OSTEOSARCOMAS 

I n v e s t i g a t o r :  

M .  E .  F r a z i e r  

Techn ica l  A s s i s t a n c e :  
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Vi ruses  of  t h e  RNA tumor v i r u s  group a r e  e t i o l o g i c a l  a g e n t s  

of  spon taneous ly  o c c u r r i n g  n e o p l a s t i c  d i s e a s e s  i n  a  number o f  

animal  s p e c i e s .  Biochemical  a s s a y  o f  c e l l s  f o r  v i r a l  RNA- 

i n s t r u c t e d  DNA polymerase (RIDP) i n  a  cy top la smic  p a r t i c u l a t e  

f r a c t i o n  has  i n c r e a s e d  t h e  s e n s i t i v i t y  o f  d e t e c t i o n  o f  RNA- 

tumor v i r u s  i n f e c t i o n .  Using t h e s e  t echn iques  we have been 

a b l e  t o  i d e n t i f y  RIDP i n  t i s s u e s  from b e a g l e s  w i t h  r a d i a t i o n -  

induced os t eosa rcomas .  

A l i m i t e d  number o f  r a d i a t i o n -  
induced ma l ignanc ie s  appea r  t o  be a s s o -  
c i a t e d  w i t h  C- type  v i r u s  p a r t i c l e s  
s i m i l a r  t o  t h e  RNA tumor v i r u s e s .  For 
example, r a d i a t i o n - i n d u c e d  leukemia 
i n  swine and mice a r e  bo th  a s s o c i a t e d  
w i t h  i n t a c t  C- type  v i r u s e s .  The 
p o r c i n e  i s o l a t e  i s  c a p a b l e  of  e f f e c t -  
i ng  t r a n s f o r m a t i o n  o f  t i s s u e  c u l t u r e  
c e l l s  wh i l e  t h e  Kaplan a g e n t  w i l l  
s e r v e  a s  an e t i o l o g i c  a g e n t  f o r  murine 
leukemia .  These sys tems sugges t ed  
t h a t  onco rnav i rus  might  be p r e s e n t  i n  
o t h e r  r a d i a t i o n - i n d u c e d  tumors;  we 
t h e r e f o r e  examined r a d i a t i o n - i n d u c e d  
tumors i n  t h e  b e a g l e  dog.  

At tempts  w i t h  e l e c t r o n  microscopy 
t o  demons t r a t e  C- type  v i r u s e s  i n  
tumors from b e a g l e s  w i t h  e i t h e r  spon-  
taneous  o r  r a d i a t i o n - i n d u c e d  ma l ignan t  
d i s e a s e s  have been u n s u c c e s s f u l ,  a s  
have a t t e m p t s  t o  i s o l a t e  i n f e c t i o u s  
v i r u s  from tumor e x t r a c t s  u s i n g  i n  
v ivo  and t i s s u e - c u l t u r e  mon i to r ing  
sys t ems .  F a i l u r e  t o  i s o l a t e  v i r u s  

from t h e s e  tumors c o u l d  be due t o :  
1 )  t h e  p re sence  of  incompetent  v i r u s e s  
c a p a b l e  of  inducing  t r a n s f o r m a t i o n  b u t  
n o t  capab le  of  t o t a l  t r a n s c r i p t i o n  o f  
t h e  v i r u s  genome; 2 )  i ncomple t e  o r  
n o n i n f e c t i o u s  v i r u s  p a r t i c l e s ;  3 )  use  
of  c e l l  l i n e s  o r  an imal  systems i n c a -  
pab le  of  s u p p o r t i n g  v i r u s  r e p l i c a t i o n ;  
4 )  t h e  i n a b i l i t y  t o  d e t e c t  l i m i t e d  
v i r u s  r e p l i c a t i o n  by c o n v e n t i o n a l  t e c h -  
n i q u e s .  The demons t r a t i on  o f  RIDP 
(RNA-ins t ruc ted  DNA p o l y m e r a s e ) - - r e -  w 

v e r s e  t r a n s c r i p t a s e - - i n  t h e  v i r i o n s  
of Rous sarcoma v i r u s  p rov ided  t h e  
f i r s t  e x p l o i t a b l e  b iochemica l  marker  
f o r  d e t e c t i n g  i n f e c t i o n  by t h e s e  
a g e n t s .  RIDP has  a l s o  been found i n  
v i r u s e s  of  unknown oncogenic  p o t e n t i a l .  . 
These v i r u s e s ,  which a r e  a p p a r e n t l y  
n o t  oncogenic  b u t  c o n t a i n  RIDP and 
RNA (and r e p l i c a t e  v i a  a  DNA i n t e r -  
m e d i a t e ) ,  a r e  c l a s s i f i e d  a s  r e t r a -  b 
v i r u s e s .  

The r o l e  of  t h e  RIDP i n  t h e s e  
v i r u s e s  i s  t o  c a t a l y z e  t h e  s y n t h e s i s  



of  a  complementary DNA copy (cDNA) 
from t h e  v i r i o n ' s  70s RNA t e m p l a t e .  
The s t e p s  i n  t h i s  r e a c t i o n  a r e :  

RNA + RNA:cDNA h y b r i d  + DNA:cDNA 
dup lex ,  

w i th  a  p o r t i o n  o f  t h e  cDNA e v e n t u a l l y  
be ing  i n c o r p o r a t e d  i n t o  t h e  c e l l  
genome. E a r l i e r  s t u d i e s  t h a t  de -  
s c r i b e d  t h e  p re sence  of  RIDP i n  normal 
c e l l s  u t i l i z e d  s y n t h e t i c  t e m p l a t e s .  
These t empla t e s  a r e  now known t o  be 
s u b s t r a t e s  f o r  bo th  RIDP and c e l l u l a r  
po lymerases ,  and t h u s  do n o t  a l l ow  
r e s o l u t i o n  o f  t h e  two a c t i v i t i e s .  A 
subsequent  o b s e r v a t i o n  t h a t  RIDP-l ike 
a c t i v i t y  cou ld  be d e t e c t e d  i n  normal 
ch icken  embryos seemed t o  s u p p o r t  
Temin's h y p o t h e s i s  t h a t  RIDP may have 
f u n c t i o n s  i n  normal c e l l s .  However, 
t h e s e  exper iments  d i d  n o t  r u l e  o u t  

V I R I O N S  

CELL RUPTURED - 
w 

CELL 

t h e  p o s s i b i l i t y  t h a t  t h e  RIDP was t h e  
r e s u l t  o f  e x p r e s s i o n  o f  an endogenous 
C- type  ch icken  v i r u s .  I n  s p i t e  o f  
t h e s e  c o n t r o v e r s i a l  f i n d i n g s  r e l a t i n g  
t o  s o l u b l e  RIDP, t h e  p r e s e n c e  o f  
r e v e r s e  t r a n s c r i p t a s e  i n  a  cy top la smic  
p a r t i c u l a t e  o f  t h e  same s i z e  and den- 
s i t y  a s  known oncornav i ruses  i s  con-  
s i d e r e d  i n d i c a t i v e  of  e i t h e r  r e t r a -  
v i r u s  o r  onco rnav i rus  i n f e c t i o n .  
T h e r e f o r e ,  u t i l i z i n g  a v a i l a b l e  b i o -  
chemical  t e c h n i q u e s ,  we have sough t  
t o  de t e rmine  whether  RIDP i s  p r e s e n t  
i n  beag le s  w i th  r a d i a t i o n - i n d u c e d  
bone o r  lung  tumors.  

A schemat ic  o u t l i n e  f o r  t h e  f r a c -  
t i o n a t i o n  o f  tumor c e l l s ,  and f o r  t h e  
s y n t h e s i s  and a n a l y s i s  of t h e  endoge- 
nous r e v e r s e  t r a n s c r i p t a s e  (RIDP) 
p roduc t  from t h e  cy top la smic  p a r t i c u -  
l a t e  f r a c t i o n  i s  shown i n  F i g u r e  1 8 . 4 .  
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FIGURE 18 .4 .  D e t e c t i o n  of P a r t i c u l a t e  Reverse T r a n s c r i p t a s e  
i n  C e l l s .  



DNA s y n t h e s i s  was m o n i t o r e d  by 
f o l l o w i n g  t h e  i n c o r p o r a t i o n  o f  3H- 
l a b e l e d  t h y m i d i n e  t r i p h o s p h a t e  (TTP) 
i n t o  a c i d -  i n s o l u b l e  p r o d u c t s .  
F i g u r e  1 8 . 5  shows t h e  k i n e t i c s  o f  DNA 
s y n t h e s i s  i n  a  p e l l e t  p r e p a r e d  f rom 
a  c a n i n e  r a d i a t i o n - i n d u c e d  o s t e o s a r -  
coma. The k i n e t i c  c u r v e  o f  DNA p o l y -  
m e r a s e  a c t i v i t y  showed a  peak  o f  
[ 3 ~ ]  DNA s y n t h e s i s  a t  1 5 - 3 0  min which  

was ~ 7 8 %  RNase s e n s i t i v e ,  i n d i c a t i n g  
t h a t  RNA s e r v e d  a s  a  t e m p l a t e  f o r  t h e  
DNA s y n t h e s i s .  

Both normal  and  tumor t i s s u e  f rom 
s e v e r a l  b e a g l e s  was p r o c e s s e d  and  
a s s a y e d  by t h e  s i m u l t a n e o u s  d e t e c t i o n  
t e s t .  A s  c a n  b e  s e e n  i n  F i g u r e  1 8 . 6 ,  
an o s t e o s a r c o m a  sample  y i e l d e d  a  
d i s t i n c t  p e a k  o f  r a d i o a c t i v i t y  i n  t h e  
form o f  a c i d - p r e c i p i t a b l e  3 ~ - ~ ~ ~  i n  
t h e  6 0 - 7 0 s  r e g i o n  o f  t h e  g r a d i e n t .  
To d e m o n s t r a t e  t h a t  t h e  t r i t i a t e d  
peak  i n  t h i s  r e g i o n  was due t o  t h e  
s y n t h e s i s  o f  DNA on a  h e t e r o p o l y m e r i c  
6 0 - 7 0 s  RNA m o l e c u l e ,  two p a r a l l e l  
r e a c t i o n s  were  r u n .  F i r s t ,  t h e  a d d i -  
t i o n  o f  RNase t o  t h e  r e a c t i o n  m i x t u r e  
d e c r e a s e d  t h e  r a d i o a c t i v i t y  p e a k  i n  
t h e  70s  r e g i o n  f rom 408 cpm t o  35 cpm; 
s e c o n d ,  o m i s s i o n  o f  one o f  t h e  

0 PLUS RNASE 
X STANDARD CONDITIONS 

FIGURE 1 8 . 5 .  K i n e t i c s  o f  a n  
Endogenous R e v e r s e  T r a n s c r i p t a s e  
~ e a c t i o n  i n  a  C y t o p l a s m i c  p a r t i c u l a t e  
F r a c t i o n  I s o l a t e d  f rom t h e  Tumor 
T i s s u e  o f  a  B e a g l e  w i t h  a n  O s t e o s a r -  
coma. Two 1 0 0 - u 1  r e a c t i o n s  were  p e r -  
formed.  A s t a n d a r d  endogenous  r e -  
v e r s e  t r a n s c r i p t a s e  r e a c t i o n  was 
a l l o w e d  t o  p r o c e e d  i n  one a l i q u o t  
( 0 - 0 )  w h i l e  t h e  r e m a i n i n g  sample  was 
t r e a t e d  w i t h  RNase A t o  d e s t r o y  a n y  
a v a i l a b l e  RNA t e m p l a t e .  

d e o x y r i b o n u c l e o s i d e  t r i p h o s p h a t e s  
from t h e  r e a c t i o n  m i x t u r e  r e d u c e d  t h e  
70s  p e a k  t o  a n  u n d e t e c t a b l e  l e v e l .  
T h i s  i n d i c a t e d  t h a t  we were  n o t  mea- 
s u r i n g  a n  e n d - a d d i t i o n  enzyme o r  t h e  
r e s t r i c t e d  complementary c o p y i n g  o f  
p o l y a d e n y l i c  a c i d  r e g i o n s  o f  a n  RNA 
m o l e c u l e .  

The r e s u l t s  o f  o u r  e x p e r i m e n t s  t o  
d a t e  a r e  summarized i n  T a b l e  1 8 . 3 .  
T i s s u e s  f rom dogs w i t h  r a d i a t i o n -  
i n d u c e d  tumors  and s p l e e n s  f rom e x -  

, p o s e d  and  c o n t r o l  dogs  w i t h o u t  l u n g  
o r  bone tumors  were  n e g a t i v e  by t h e  
k i n e t i c s  and  s i m u l t a n e o u s  d e t e c t i o n  
t e s t s .  However,  f i v e  s a m p l e s  f rom 
b e a g l e s  w i t h  o s t e o s a r c o m a s  gave  
p o s i t i v e  v a l u e s ,  i n d i c a t i n g  t h e  p r e s -  
ence  o f  a  c y t o p l a s m i c  p a r t i c u l a t e  
f r a c t i o n  ( o f  t h e  s i z e  and  d e n s i t y  o f  
known o n c o r n a v i r u s e s )  t h a t  c o n t a i n s  
RIDP. 

Our r e s u l t s  i n d i c a t e  t h a t  RIDP i s  
p r e s e n t  i n  a t  l e a s t  some r a d i a t i o n -  
i n d u c e d  m a l i g n a n c i e s  i n  b e a g l e s ,  a n d  
t h a t  t h e  p r e s e n c e  o f  t h i s  enzyme c a n  
a t  l e a s t  b e  c o n s i d e r e d  i n d i c a t i v e  o f  
r e t r a v i r u s  i n f e c t i o n .  However,  b e -  
c a u s e  o f  t h e  w i d e s p r e a d  o c c u r r e n c e  o f  
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FIGURE 1 8 . 6 .  S i m u l t a n e o u s  D e t e c t i o n  
o f  JH-DNA:70S RNA Complex a s  t h e  
P r o d u c t  o f  a n  ~ n d o ~ e n b u s  R e v e r s e  
T r a n s c r i p t a s e  R e a c t i o n  C a r r i e d  o u t  
w i t h  Tumor T i s s u e s  f rom a  B e a g l e  
w i t h  R a d i a t i o n - I n d u c e d  O s t e o s a r c o m a .  
The e x t e r n a l  m a r k e r s  u s e d  were  3H- 
l a b e l e d  28s  and 1 8 s  RNA f rom NC-37 
c e l l s .  



t h e s e  a g e n t s ,  t h e i r  p r e sence  i n  d i s -  
eased  t i s s u e s  ( e . g .  tumors)  does  n o t  
by i t s e l f  i n d i c a t e  t h e y  a r e  e t i o l o g i c  
a g e n t s  i n  t h e s e  d i s e a s e s .  For  exam- 
p l e ,  t h e  r a d i a t i o n  may be a c t i v a t i n g  
an endogenous nononcogenic r e t r a v i r u s  
i n  v i v o  i n  a  manner ana logous  t o  t h e  
i n  v i t r o  a c t i v a t i o n  of r e t r a v i r u s e s  
r e s u l t i n g  from t h e  t r e a t m e n t  o f  c e l l  
c u l t u r e s  w i t h  compounds such  a s  
5- b romo-deoxyur id ine .  

Experiments  a r e  c u r r e n t l y  under -  
way t o  conf i rm and ex t end  t h e s e  f i n d -  
i n g s .  S p e c i f i c a l l y ,  we a r e  i nvo lved  
i n  a t t e m p t s  t o  i s o l a t e  and p u r i f y  
r e v e r s e  t r a n s c r i p t a s e  from r a d i a t i o n -  
induced tumors ;  and we a r e  employing 
mo lecu la r  h y b r i d i z a t i o n  s t u d i e s  t o  
examine t h e  deg ree  o f  homology b e -  
tween known o n c o r n a v i r u s e s  and 
n u c l e i c  a c i d  components i s o l a t e d  from 
t h e s e  os teosarcomas  . 

TABLE 18 .3 .  D e t e c t i o n  of Reverse T r a n s c r i p t a s e  i n  
R a d i a t i o n  Induced Tumors. 

KINETICS O F 3 ~ - n P  SIMULTANEOUS DETECTION *** 
DOSE INCORPORATION STANDARD 

DOG I ISOTOPE nCi ROUTE DIAGNOSIS (WRNASE SENSITIVE) + RNASE CONDITION - - - -  
1 M3G3 2 4 9 ~ f  3896* INJECTION OSTEOSARCOMA 55 35 408 

2 T74W3 2 4 1 ~ m  3020* INJECTION OSTEOSARCOMA 70 10 312 

3 M54W3 241~rn  3213* INJECTION OSTEOSARCOMA 45 18 180 

4 482 n 8 ~ u  800** INHALATION OSTEOSARCOMA 75 < 10 320 

5 469 n 8 ~ u  2600** INHALATION OSTEOSARCOMA 78 < 10 227 

6 273 2 3 9 ~ ~  1500** INHALATION BRONCHIOLOALVEOCAR <10 < 10 < 10 
C ARC l NOMA 

7 278 2 3 9 ~ u  800** INHALATION BRONCHIOLOALVEOLAR <10 < 10 < 10 
CARCINOMA 

8 252 B 9 ~ u  460** INHALATION BRONCHIOLOALVEOLAR <10 <10 <10 
CARCl NOMA 

9 1241 --- ..- CONTROL --- <10 < 10 <10 

10 1102 --- --- CONTROL --. <10 < 10 < 10 

11 1223 --- .-- CONTROL --- <10 < 10 <10 

12 1214 n 8 ~ u  12** INHALATION --- <10 <10 <10 

* I NIECTED DOSE ** BODY BURDEN AT DEATH *** COUNTS PER MINUTE I N  THE 705 REGION OF THE GRADIENT. THESE ASSAYS WERE RUN ON 10%OF THE 
TOTAL MATERIAL AVAl LABLE 



EFFECTS OF POLLUTANT METALS IN NUTRITIONALLY DEFICIENT POPULATIONS 

P e r s o n  i n  C h a r g e :  H .  A .  Ragan 

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1976  a n d ,  a s  o r i g i n a l l y  f o r m u l a t e d  

i n  t h e  S c h e d u l e  1 8 9 ,  s t r e s s e d  t h e  i n f l u e n c e s  o f  p r o t e i n  d e f i c i e n c y .  W i t 1 1  

t h e  c o n c u r r e n c e  o f  ERDA D i v i s i o n  o f  B i o m e d i c a l  and  E n v i r o n m e n t a l  R e s e a r c h ,  

t h e  s c o p e  was s u b s e q u e n t l y  a l t e r e d  t o  e m p h a s i z e  t h e  i n f l u e n c e s  o f  i r o n  

d e f i c i e n c y  . 
I r o n  d e f i c i e n c y  i s  o n e  o f  t h e  mos t  common n u t r i t i o n a l  d i s e a s e s  o f  young 

c h i l d r e n  and  women o f  c h i l d - b e a r i n g  a g e .  D e s p i t e  t h e  p a u c i t y  o f  d a t a  o n  

a b s o r p t i o n  o f  m e t a l  p o l l u t a n t s  i n  i r o n - d e f i c i e n t  s u b j e c t s ,  i t  i s  known t h a t  

some e l e m e n t s  compe te  f o r  i r o n - b i n d i n g  p r o t e i n s  i n  p l a s m a  and  i n  c e l l s ,  and  

t h a t  some i n t e r f e r e  w i t h  i r o n  m e t a b o l i s m .  I r o n  d e f i c i e n c y  may e n h a n c e  t h e  

a b s o r p t i o n ,  t r a n s l o c a t i o n  o r  t r a n s p l a c e n t a l  p a s s a g e  o f  heavy  m e t a l s ,  i n c r e a s -  

i n g  t h e  r i s k  o f  t o x i c  e f f e c t s  i n  t h e  y o u n g ,  t e r a t o g e n i c  e f f e c t s  i n  t h e  f e t u s ,  

o r  i n t e r f e r e n c e  w i t h  i r o n  m e t a b o l i s m  i n  s u b j e c t s  a l r e a d y  compromised i n  

r e g a r d  t o  t h e i r  i r o n  s t a t u s .  The e f f e c t s  o f  combined i r o n  d e f i c i e n c y  a n d  

e x p o s u r e  t o  h e a v y  m e t a l  p o l l u t a n t s  on immune c o m p e t e n c e  a r e  o f  p a r t i c u l a r  

c o n c e r n  i n  r e g a r d  t o  c a r c i n o g e n e s i s .  

I n i t i a l  s t u d i e s  u n d e r  t h i s  p r o j e c t  w i l l  d e t e r m i n e  t h e  i n f l u e n c e  o f  i r o n  

d e f i c i e n c y  o n  t h e  g a s t r o i n t e s t i n a l  a b s o r p t i o n  o f  cadmium, n i c k e l ,  a r s e n i c  

and vanad ium i n  r a t s .  M e t a l s  whose a b s o r p t i o n  i s  e n h a n c e d  by i r o n  d e f i -  

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

and  immune c o m p e t e n c e  when c h r o n i c a l l y  a d m i n i s t e r e d  t o  c o n t r o l  and i r o n -  

d e f i c i e n t  r a t s .  R e p o r t a b l e  r e s u l t s  f r o m  t h e s e  s t u d i e s  a r e  n o t  y e t  

a v a i l a b l e .  



DELAYED EFFECTS OF INHALED OIL SHALE AND SPENT SHALE 

PARTICLES IN EXPERIMENTAL ANIMALS 

P e r s o n  i n  C h a r g e :  J .  E .  Lund 

T h i s  new p r o j e c t  was d e s i g n e d  t o  i n v e s t i g a t e  t h e  p o s s i b l e  h e a l t h  h a z a r d  

o f  d u s t s  t h a t  may b e  p r o d u c e d  i n  t h e  p r o c e s s i n g  o f  o i l  s h a l e .  S h a l e  o i l  may 

be e x p e c t e d  t o  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 e  U.S.  e n e r g y  s u p p l y  i n  t h e  

y e a r s  a h e a d .  I t s  p r o d u c t i o n  w i l l  become a n  i m p o r t a n t  i n d u s t r y .  D u s t  g e n e r a -  

t i o n  f r o m  c r u s h i n g  and r e l a t e d  o p e r a t i o n s ,  a n d  f r o m  t h e  t r a n s p o r t a t i o n  o f  

o r e  t o  c r u s h i n g  f a c i l i t i e s  h a s  b e e n  e s t i m a t e d  t o  i n v o l v e  a s  much a s  o n e  p e r -  

c e n t  o f  t h e  t o t a l  mass  o f  s h a l e  o r e  h a n d l e d .  Newer e q u i p m e n t  and  me thods  

c o u l d  r e d u c e  t h i s  l o s s  o f  a i r b o r n e  p a r t i c l e s  t o  t h e  a t m o s p h e r e ,  and  t h e  

e x t e n t  t o  w h i c h  s u c h  c o n t r o l  m e a s u r e s  a r e  r e q u i r e d  may become a n  i m p o r t a n t  

f a c t o r  i n  t h e  d e s i g n  o f  p r o c e s s e s  and f a c i l i t i e s .  

I n i t i a l  i n t r a t r a c h e a l  i n s t i l l a t i o n  e x p e r i m e n t s  w i l l  b e  d e s i g n e d  t o  d e f i n e  

t h e  t o x i c  p o t e n t i a l  o f  o i l  s h a l e  m a t e r i a l s .  Two r o d e n t  s p e c i e s  w i l l  b e  g i v e n  

i n t r a t r a c h e a l  d o s e s  o f  o i l  s h a l e ,  s p e n t  s h a l e ,  q u a r t z  ( f i b r o s i s  c o n t r o l ) ,  

b e n z p y r e n e  a n d  i r o n  o x i d e  ( c a r c i n o g e n  p o s i t i v e  c o n t r o l ) ,  a n d  v e h i c l e .  A c u t e  

t o x i c i t y  and r e p e a t e d  d o s e  s t u d i e s  w i l l  b e  i n i t i a t e d  t o  d e t e r m i n e  optimum 

d o s e  l e v e l s  f o r  t h e  l o n g - t e r m  s t u d y .  The l o n g - t e r m  s t u d y  w i l l  be  i n i t i a t e d  

b e f o r e  t h e  e n d  o f  FaY 1 9 7 6 .  The r e s u l t s  o f  t h e s e  s t u d i e s  w i l l  b e  examined  t o  

d e t e r m i n e  p o s s i b l e  a d v e r s e  h e a l t h  e f f e c t s  a n d  t o  d e t e r m i n e  i f  a  more e x t e n s i v e  

i n h a l a t i o n  s t u d y  i s  n e e d e d .  

Pu lmonary  d i s e a s e s  a s s o c i a t e d  w i t h  c o a l  m i n i n g  ( p n e u m o n o c o n i o s i s )  a n d  

u r a n i u m  minimg ( l u n g  c a n c e r )  a r e  w e l l  e s t a b l i s h e d .  S i n c e  t h e  d e v e l o p m e n t  o f  

s h a l e  o i l  a s  a n  e n e r g y  s o u r c e  r e p r e s e n t s  a  "new" i n d u s t r y  i n  t e r m s  o f  l a r g e -  

s c a l e  d e v e l o p m e n t ,  i t  i s  i m p o r t a n t  t o  i n v e s t i g a t e  p o s s i b l e  a d v e r s e  h e a l t h  

e f f e c t s  p r i o r  t o  e x p o s u r e  o f  l a r g e  p o p u l a t i o n s  t o  t h e  p r o c e s s  e f f l u e n t s .  

T h i s  s t u d y  r e p r e s e n t s  a  s m a l l  p a r t  o f  t h e  t o t a l  e f f o r t  r e q u i r e d ,  wh ich  i n -  

c l u d e s  s o u r c e - t e r m  c h a r a c t e r i z a t i o n  o f  e m i s s i o n s  ( p a r t i c u l a t e ,  v a p o r ,  l i q u i d ,  

e t c . ) ,  t o x i c o l o g i c  s t u d i e s ,  a n d  e n v i r o n m e n t a l  s t u d i e s .  

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1 9 7 6 .  I n i t i a l  e x p e r i m e n t s  a r e  u n d e r -  

way b u t  r e p o r t a b l e  r e s u l t s  a r e  n o t  y e t  a v a i l a b l e .  



EVALUATION OF MUTAGENICITY AND CARCINOGENICITY FOR COMPOUNDS 

DERIVED FROM OIL SHALE PROCESSES 

Pe r son  i n  Charge:  R .  A .  P e l r o y  

U t i l i z a t i o n  of o i l  s h a l e  a s  a  f u e l  s o u r c e  w i l l  r e l e a s e  t o  t h e  a tmosphere  

many o r g a n i c  and i n o r g a n i c  m a t e r i a l s .  Many of  t h e s e  m a t e r i a l s ,  e s p e c i a l l y  

t h e  po lya roma t i c  compounds and a r o m a t i c  amines ,  a r e  p o t e n t i a l l y  c a r c i n o g e n i c .  

This  p r o j e c t  w i l l  t e s t  o i l  s h a l e  chemica l s  f o r  p o t e n t i a l  c a r c i n o g e n i c i t y ,  

u s i n g  m i c r o b i a l  and mammalian t i s s u e - c u l t u r e  b i o a s s a y s .  

The m i c r o b i a l  a s s a y s ,  which a r e  l o w - c o s t  and t e c h n i c a l l y  s imp le  t o  pe r fo rm,  

w i l l  be  used  f o r  i n i t i a l  s c r e e n i n g .  I n  t h e s e  t e s t s ,  t h e  c a p a c i t y  o f  chemica l s  

t o  r e v e r t  f r a m e - s h i f t  and p o i n t  m u t a t i o n s  i n  s p e c i a l  a u x o t r o p h i c  s t r a i n s  o f  

Sa lmonel la  typhimurium i s  t a k e n  a s  an i ndex  of  c a r c i n o g e n i c i t y .  Chemicals  

which a r e  p o s i t i v e  i n  t h e  m i c r o b i a l  system w i l l  p r o g r e s s  t o  t h e  second  phase  

of t e s t i n g  i n v o l v i n g  exposure  of  f i b r o b l a s t i c  t i s s u e  c u l t u r e  c e l l s  from t h e  

syngene i c  mouse s t r a i n ,  Balb/c3T3.  P l a t i n g  e f f i c i e n c y ,  s u r v i v a l ,  and e s p e -  

c i a l l y  c e l l u l a r  t r a n s f o r m a t i o n  of t h e  c l o n e s ,  w i l l  be used a s  i n d i c a t o r s  of  

c h e m i c a l - c e l l  i n t e r a c t i o n .  C e l l u l a r  t r a n s f o r m a t i o n  a s s a y s  w i l l  be c a r r i e d  

o u t  by p l a t i n g  samples  of  t r e a t e d  c e l l s  i n  s o f t  a g a r .  The f i n a l  s t a g e  i n  

t e s t i n g  w i l l  i n v o l v e  t r a n s p l a n t a t i o n  of t r ans fo rmed  c e l l s  i n t o  r e c i p i e n t  

an ima l s ;  development  o f  tumors w i l l  be  i n d i c a t i v e  of  h i g h  c a r c i n o g e n i c  

p o t e n t i a l .  

This  p r o j e c t  was f i r s t  funded i n  FY 1976.  S i x  chemica l s  have t hus  f a r  

been  s c r e e n e d  i n  t h e  2. typhimurium sys tem:  a n t h a n t h r e n e  benzo [ g h i ]  p e r y l e n e ,  

f  l u o r a n t h e n e ,  p e r y l e n e ,  phenan th rene  and p y r e n e .  An than th rene ,  p e r y l e n e  and 

f l u o r a n t h e n e  a r e  mutagenic ,  s u g g e s t i n g  c a r c i n o g e n i c  p o t e n t i a l .  In  p a r t i c u l a r ,  

f l u o r a n t h e n e  was a  v e r y  s t r o n g  f r a m e - s h i f t  mutagen; t h i s  chemica l  i s  no t  

c u r r e n t l y  d e s i g n a t e d  a s  a  c a r c i n o g e n .  Benzo [gh i ]pe ry l ene  i s  weakly mutagenic 

b u t  o n l y  w i t h  p o i n t  m u t a n t s .  A l l  o f  t h e  chemica l s  which i n c r e a s e  t h e  r a t e  of  

m u t a t i o n  i n  S. typhimurium r e q u i r e  m e t a b o l i c  a c t i v a t i o n  w i t h  microsomal 

enzymes. 



CHARACTERIZATION OF PATHWAYS AND KINETICS FOR LUNG CLEARANCE OF 

POLYCYCLIC HYDROCARBONS IN RATS AND DOGS 

P e r s o n  i n  Charge:  J .  T. V e a l  

P o l y c y c l i c  h y d r o c a r b o n s  a r e  p r i m a r i l y  i n t r o d u c e d  t o  man t h r o u g h  t h e  r e s -  

p i r a t o r y  t r a c t  by c i g a r e t t e  smoking and  by b r e a t h i n g  fumes r e s u l t i n g  f rom 

c o m b u s t i o n  o f  f o s s i l  f u e l s .  The p o t e n t i a l  h e a l t h  h a z a r d  r e s u l t i n g  from 

i n h a l a t i o n  o f  t h e s e  c h e m i c a l s  i s  w e l l  r e c o g n i z e d ,  b u t  t h e  d o s e - r e s p o n s e  

r e l a t i o n s h i p s  f o r  t h e s e  compounds, when i n h a l e d  f r o m  t h e  e n v i r o n m e n t ,  a r e  

t h e  s u b j e c t  o f  much d e b a t e .  

T h i s  p r o j e c t  w i l l  c h a r a c t e r i z e  t h e  r o l e  o f  t h e  r e s p i r a t o r y  t r a c t  i n  t h e  

i n t r o d u c t i o n  o f  p o l y c y c l i c  h y d r o c a r b o n s  and t h e i r  m e t a b o l i t e s  i n t o  t h e  body .  

I t  w i l l  i n v e s t i g a t e ,  i n  a n i m a l s  e x p o s e d  v i a  a e r o s o l  i n h a l a t i o n ,  t h e  k i n e t i c s  

and t h e  t r a n s l o c a t i o n  pa thways  f rom t h e  l u n g  o f  e n v i r o n m e n t a l l y  s i g n i f i c a n t  

p o l y c y c l i c  h y d r o c a r b o n s  s u c h  a s  b e n z o ( a ) p y r e n e ,  a n t h r a c e n e ,  f l u o r a n t h e n e ,  

c h r y s e n e ,  3 - m e t h y l c h o l a n t h r e n e  and  p y r e n e .  The i n f l u e n c e  on d e p o s i t i o n ,  

t r a n s l o c a t i o n  and  m e t a b o l i s m ,  o f  s u c h  a e r o s o l  p r o p e r t i e s  a s  p a r t i c l e  s i z e ,  

a e r o s o l  d e n s i t y  and c h e m i c a l  f o r m ,  w i l l  be  s t u d i e d .  

The e x p e r i m e n t a l  p r o c e d u r e  w i l l  i n v o l v e  t h e  g e n e r a t i o n  and d e l i v e r y  o f  

w e l l  c h a r a c t e r i z e d  a e r o s o l s  o f  r a d i o a c t i v e l y  l a b e l e d  p o l y c y c l i c  h y d r o c a r b o n s  

t o  t h e  r e s p i r a t o r y  t r a c t s  o f  dogs  and  r a t s .  The t r a n s l o c a t i o n  o f  t h e s e  m a t e -  

r i a l s  f rom t h e  l u n g  w i l l  b e  d e t e r m i n e d  by m o n i t o r i n g  b l o o d  f l o w  from t h e  l u n g  

f o r  t h e  p o l y c y c l i c  h y d r o c a r b o n s  and t h e i r  m e t a b o l i t e s ,  and  by s u b s e q u e n t  

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

T h i s  p r o j e c t  was f i r s t  f u n d e d  i n  FY 1976 and r e p o r t a b l e  r e s u l t s  h a v e  n o t  

y e t  b e e n  o b t a i n e d .  



EVALUATION OF RADIONUCLIDES IN MAN 

P e r s o n  i n  C h a r g e :  I .  C .  Ne l son  

T h i s  p r o j e c t  i s  c o n c e r n e d  w i t h  t h e  deve lopment  and a p p l i c a t i o n  o f  methods 

f o r  e v a l u a t i n g  t h e  r a d i o l o g i c a l  i m p a c t  o f  t h e  n u c l e a r  i n d u s t r y  on i t s  w o r k e r s  

and  o n  r e s i d e n t s  i n  t h e  e n v i r o n s .  P r e s e n t l y  t h e  p r o j e c t  e m p h a s i z e s  p o s t -  

mortem s t u d i e s  i n  which  t h e  q u a n t i t i e s  o f  r a d i o n u c l i d e s ,  p a r t i c u l a r l y  p l u t o -  

nium, a r e  measured  i n  s a m p l e s  o f  t i s s u e s  o b t a i n e d  a t  a u t o p s y  f rom f o r m e r  

w o r k e r s  and  r e s i d e n t s  i n  t h e  l o c a l  e n v i r o n s  o f  t h e  Hanford  p r o j e c t  and f rom 

i n d i v i d u a l s  a t  more d i s t a n t  l o c a t i o n s .  I n  a d d i t i o n ,  t h i s  p r o j e c t  s u p p o r t s  

t h e  U.S. T r a n s u r a n i u m  R e g i s t r y  t h r o u g h  r a d i o c h e m i c a l  a n a l y s e s  o f  s a m p l e s  

o b t a i n e d  by t h e  R e g i s t r y  f rom e x p o s e d  w o r k e r s  and  unexposed  c o n t r o l s  t h r o u g h -  

o u t  t h e  c o u n t r y .  The deve lopment  o f  a n  a d e q u a t e l y  s e n s i t i v e  and  a c c u r a t e  

t e c h n i q u e  f o r  a s s e s s i n g  t h e  i n t e r n a l  d e p o s i t i o n  o f  promethium o x i d e  h a s  a l s o  

been  a n  i m p o r t a n t  p a r t  o f  t h i s  p r o j e c t .  R e c e n t l y ,  a  program o f  whole -body  

c o u n t i n g  measurements  o n  r e s i d e n t s  and  c o n t r o l  g r o u p s  i n  t h e  Hanford  e n v i r o n s  

was i n i t i a t e d  i n  o r d e r  t o  q u a n t i f y  t h e  e n v i r o n m e n t a l  i m p a c t  o f  f i s s i o n  p r o -  

d u c t  w a s t e  management p rograms  a t  B a n f o r d .  
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EVALUATION OF POSTMORTEM TISSUE SAMPLES 

I n v e s t i g a t o r s  : 

I .  C .    el son(^), L .  J .  ~ i r b ~ ( ~ )  and 

V .  W .  Thomas, J r .  (b)  

T e c h n i c a l  A s s i s t a n c e :  

D .  T. ~ a r l e s s ( ~ ) ,  R .  M .  ~ e r n a r d ( ~ )  and 

F.  N .  E i chne r  ( a )  

C o l l e c t i o n  and r a d i o c h e m i c a l  
a n a l y s i s  o f  postmortem t i s s u e  samples  
( l u n g ,  l i v e r ,  bone and t r a c h e o b r o n -  
c h i a l  lymph nodes)  from i n d i v i d u a l s  
f o r m e r l y  r e s i d i n g  i n  t h e  v i c i n i t y  o f  
t h e  Hanford  p r o j e c t  c o n t i n u e d  d u r i n g  
t h e  p a s t  y e a r .  Postmortem t i s s u e  
samples  and b lood  samples  were a l s o  
a n a l y z e d  f o r  t h e  U.S Transuran ium 
R e g i s t r y  (USTR) . During t h e  y e a r  
commencing November 1 ,  1974 ,  85 
a n a l y s e s  f o r  p lu ton ium-238  and 
p lu ton ium-239+240 were per formed on 
samples  from t h e  Hanford l o c a l i t y ,  
and 41 a n a l y s e s  f o r  p lu ton ium-238  
and p lu ton ium-239+240 on samples  
o b t a i n e d  from t h e  USTR. I n  a d d i t i o n ,  
abou t  60 i n t e r n a l  c r o s s - c h e c k  sam- 
p l e s  were p r o c e s s e d  i n  d u p l i c a t e .  
C u r r e n t l y  i n  p r o c e s s  a r e  29 samples  
from t h e  Hanford l o c a l i t y  and 30 USTR 
t i s s u e  s amp le s .  About 80 samples  
from t h e  Hanford e n v i r o n s  a r e  a w a i t -  
i ng  p r o c e s s i n g .  

D i s c u s s i o n s  on t h e  r e s u l t s  o f  p a s t  
p lu ton ium a n a l y s e s  o f  i n t e r l a b o r a t o r y  
comparison samples  were h e l d  w i t h  
i n v e s t i g a t o r s  from o t h e r  p a r t i c i p a -  
t i n g  l a b o r a t o r i e s  (HASL and LASL) i n  
c o n j u n c t i o n  w i t h  t h e  2 1 s t  Annual 
B ioa s say  and A n a l y t i c a l  Chemis t ry  
Meet ing .  D i f f e r e n c e s  obse rved  i n  
r e s u l t s  were d i s c u s s e d  and v a r i a t i o n s  

i n  t e c h n i q u e s  were n o t e d .  I t  was 
conc luded  t h a t  a n  a d d i t i o n a l  s e t  o f  
c a l i b r a t i o n  samples  a t  lower  l e v e l s  
o f  p lu ton ium a c t i v i t y  would be p r e -  
p a r e d  by LASL and d i s t r i b u t e d  t o  
HASL, PNL and  o t h e r  i n t e r e s t e d  
l a b o r a t o r i e s .  

P lu ton ium-242  i s  o u r  t r a c e r  o f  
c h o i c e  f o r  y i e l d  d e t e r m i n a t i o n  i n  
t h e  a l p h a  e n e r  y  a n a l y s i s  o f  t i s s u e s  
f o r  2 3 8 P ~  and 53gPu. I f  t h e  2 3 9 ~ ~  
c o n t e n t  o f  a  sample i s  h i g h ,  t h e  
y i e l d  i n f o r m a t i o n  may be masked and ,  
c o n s e q u e n t l y ,  t h e  p lu ton ium r e s u l t s  
would be l o s t .  Tha t  problem i s  
overcome by p r o c e s s i n g  a  s econd ,  
s m a l l e r  a l i q u o t  ( u s u a l l y  r e t a i n e d  
f o r  such  c o n t i n g e n c i e s )  f o r  3 9 P ~ ,  
u s i n g  2 3 6 ~ ~  a s  a  y i e l d  t r a c e r .  From 
t h e  r e s u l t s  o f  t h a t  p r o c e s s i n g ,  t h e  
amount o f  2 3 9 ~ ~  i n  t h e  o r i g i n a l  
sample may be e s t i m a t e d  w i t h  a d e -  
q u a t e  s e n s i t i v i t y .  The 2 3 8 ~ u  con-  
t e n t  o f  t h e  o r i g i n a l  a l i q u o t  may 
t h e n  be e s t i m a t e d  u s i n g  t h e  c a l c u -  
l a t e d  2 3 9 ~ ~  r e s u l t  a s  a  b a s i s  f o r  
2 3 8 ~ ~  r a d i o c h e m i c a l  y i e l d .  

A summary o f  r e s u l t s  o b t a i n e d  
p r i o r  t o  November 1970 was g i v e n  i n  
l a s t  y e a r ' s  annua l  r e p o r t .  Complete 
r e s u l t s  a r e  a v a i l a b l e  on 17  a d d i -  
t i o n a l  l o c a l  r e s i d e n t s ,  8  o f  whom 

( a )  P h y s i c s  and I n s t r u m e n t a t i o n  
Department  

(b )  R a d i o l o g i c a l  S c i e n c e s  Department  



had  worked on t h e  Hanford  p r o j e c t  
b u t  w i t h  l i t t l e  p r o b a b i l i t y  o f  e x p o -  
s u r e  t o  p l u t o n i u m .  O t h e r  c a s e s  f o r  
whom a n a l y t i c a l  p r o c e s s i n g  i s  com- 
p l e t e  a r e  a w a i t i n g  c o m p l e t i o n  o f  a  
s e a r c h  f o r  work h i s t o r i e s .  Among 
t h e  newly  c o m p l e t e d . c a s e s ,  none had  
a  c o n c e n t r a t i o n  o f  p l u t o n i u m  i n  
l u n g s  e x c e e d i n g  2 f C i  Pu /g ;  a b o u t  

t w o - t h i r d s  had  l e s s  t h a n  0 . 1  f C i  
P u / g .  I n  t h e  l i v e r ,  t h e  l a r g e s t  
c o n c e n t r a t i o n  was 3 f C i  P u / g ,  w i t h  
70% o f  t h e  r e s u l t s  l o w e r  t h a n  0 . 5  
f C i  Pu /g ,  a n d  40% l e s s  t h a n  0 . 1  f C i  
Pu /g .  Few p o s i t i v e  r e s u l t s  w e r e  
n o t e d  f o r  bone  o r  t r a c h e o b r o n c h i a l  
lymph n o d e s ;  a l l  w e r e  l e s s  t h a n  
3 f C i  P u / g .  

DEPOSITION OF RADON DAUGHTERS IN THE TRACHEOBRONCHIAL TREE 

I n v e s t i g a t o r :  

I .  C .   els son(^) 
T e c h n i c a l  A s s i s t a n c e :  

R .  M .  B e r n a r d  ( a )  

S t u d i e s  o f  t h e  d e p o s i t i o n  o f  r a d o n  
d a u g h t e r s  on t h e  mucosa o f  t h e  p r o x -  
i m a l  b r o n c h i  of t h e  t r a c h e o b r o n c h i a l  
t r e e  c e n t e r e d  on c o m p l e t i n g  a  c o m p a r i -  
s o n  o f  d e p o s i t i o n  i n  t h e  v a r i o u s  a i r -  
ways u s i n g  a  d i f f u s i o n  e q u a t i o n  a n d  
t h e  Weibe l  R e g u l a r  a n d  I r r e g u l a r  
Dichotomous Lung Mode l s .  I t  was c o n -  
c l u d e d  f rom t h i s  s t u d y  t h a t  p r o x i m a l  
t o  t h e  s u b s e g m e n t a l  b r o n c h i ,  t h e  d i f  - 
f e r e n c e  i n  c a l c u l a t e d  a r e a  d e p o s i t i o n  
i n  t h e  v a r i o u s l y  s i z e d  t u b e s  was n o t  

s u f f i c i e n t  t o  p e r m i t  i d e n t i f i c a t i o n  
o f  p r e f e r e n t i a l  s i t e s  o f  d e p o s i t i o n ,  
which  p r e s u m a b l y  would imply  p r e f e r -  
e n t i a l  s i t e s  o f  t u m o r i g e n e s i s .  A l -  
though  p a r t i c l e  r emova l  t i m e s ,  d e p t h  
o f  s e n s i t i v e  t i s s u e s ,  e t c . ,  were  n o t  
t a k e n  i n t o  a c c o u n t ,  i t  was c o n c l u d e d  
t h a t  t h e  l e s s  c o m p l i c a t e d  W e i b e l  
R e g u l a r  Lung Model would s u f f i c e  f o r  
mos t  a p p l i c a t i o n s  i n  u r a n i u m  m i n e r  
l u n g  d o s i m e t r y .  

( a )  P h y s i c s  and  I n s t r u m e n t a t i o n  
Depar tmen t  



CHEMICAL RADIATION PROTECTION 

P e r s o n  i n  Charge :  J .  C .  Hampton 

Damaging e f f e c t s  o f  r a d i a t i o n ,  r a n g i n g  from a c u t e  r a d i a t i o n  s i c k n e s s  t o  

c h r o n i c  d e b i l i t a t i n g  d i s e a s e  and tumor i n d u c t i o n ,  have  been  d e s c r i b e d  f o r  

n e a r l y  e v e r y  s o u r c e  o f  r a d i a t i o n  and  r o u t e  o f  a d m i n i s t r a t i o n .  R e l a t i v e l y  

l i t t l e  p r o g r e s s  h a s  been  made, however ,  i n  d e v e l o p i n g  p r a c t i c a l  p r o t e c t i v e  

and t r e a t m e n t  m e a s u r e s .  The compound WR2721 [S-2(3-aminopropylamine) e t h y l  

p h o s p h o r o t h i o i c  a c i d  h y d r a t e ]  p r o t e c t s  mice exposed  t o  1500 R X - r a y s  and 

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

g a s t r o i n t e s t i n a l  t i s s u e ,  f o r  example ,  f o l l o w i n g  i n h a l a t i o n  o f  r a d i o n u c l i d e s ,  

t h u s  buy ing  t ime  and r e d u c i n g  i n j u r y  pending  i n s t i t u t i o n  o f  normal  t h e r a -  

p e u t i c  removal  p r o c e d u r e s  o r  m e d i c a l  i n t e r v e n t i o n .  

The immediate  a ims o f  t h i s  p r o j e c t  a r e  t o  d e t e r m i n e  t h e  i n t r a c e l l u l a r  

l o c a l i z a t i o n  of  3 5 ~ - l a b e l e d  W R 2 7 2 1  t h r o u g h  c e l l  f r a c t i o n a t i o n  and  a u t o r a d i -  

o g r a p h y ,  t o  d e t e r m i n e  m a j o r  o r g a n s  and t i s s u e s  t h a t  t a k e  up t h e  compound, and 

t o  e v a l u a t e  t h e  e f f i c a c y  o f  WR2721 i n  m o d u l a t i n g  damage t o  t i s s u e s  a c u t e l y  

exposed  t o  b o t h  i n t e r n a l  and  e x t e r n a l  r a d i a t i o n  s o u r c e s .  

I n i t i a l  c e l l  f r a c t i o n a t i o n  s t u d i e s  on l i v e r ,  k i d n e y  and s m a l l  i n t e s t i n e  

have  been  c o m p l e t e d .  The r e s u l t s  show t h a t  t h e  m a j o r  p a r t  of  t h e  3 5 ~  l a b e l  

was c o n t a i n e d  i n  t h e  s o l u b l e ,  m i c r o s o m e - r i c h  f r a c t i o n .  The a c t i v i t y  was 

h i g h e s t  i n  l i v e r  and l o w e s t  i n  k i d n e y ,  and  t h i s  i s  c o n s i s t e n t  w i t h  known 

r ibosome c o n t e n t  o f  l i v e r ,  i n t e s t i n a l  e p i t h e l i a l ,  and k i d n e y  t u b u l e  c e l l s .  

These o b s e r v a t i o n s  a r e  u s e f u l  i n  i n t e r p r e t i n g  o u r  p r e v i o u s  work which showed 

t h a t  t h e  p r o t e c t i v e  e f f e c t  o f  WR2721 was r e l a t e d  t o  p o s t m i t o t i c  c e l l  s u r v i v a l  

r a t h e r  t h a n  t o  t h e  p r o t e c t i o n  o f  c e l l s  i n  t h e  p r o l i f e r a t i v e  compartment .  

PUBLICATIONS SINCE JANUARY 1973:  

Hampton, J .  C .  and P.  H.  Grundy. 
1974.  The F i n e  S t r u c t u r e  of  I n t e s -  
t i n a l  E p i t h e l i a l  C e l l s  o f  Mice I r r a -  
d i a t e d  a f t e r  T r e a t m e n t  w i t h  WR2721. 
P r o c e e d i n g s  o f  t h e  8 t h  I n t e r n a t i o n a l  
Congress  o f  E l e c t r o n  M i c r o s c o p y ,  
C a n b e r r a ,  A u s t r a l i a ,  August 25-31 
( I n  P r e s s )  



LOCALIZATION OF 5 S - W ~ 2  721 IN CELLS 

I n v e s t i g a t o r :  

J .  C .  Hampton 

T e c h n i c a l  A s s i s t a n c e :  

R .  R .  Adee and  J .  T. C r e s t o  

Compound WR2721 p r o t e c t s  m i c e  e x p o s e d  t o  1500 R 

X - r a y s ,  t h e  p r o t e c t i v e  e f f e c t  b e i n g  e x e r t e d  on p o s t -  

m i t o t i c  c e l l s .  E v i d e n c e  t o  d a t e  shows t h e  compound 

t o  be  l o c a l i z e d  m a i n l y  i n  t h e  c y t o p l a s m ,  p r o b a b l y  a s s o -  

c i a t e d  w i t h  t h e  microsome f r a c t i o n .  

E a r l i e r  work f rom t h i s  l a b o r a t o r y  
showed t h a t  m i c e  p r o t e c t e d  w i t h  
W R 2 7 2 1  [ S - 2  ( 3 - a m i n o p r o p y l a m i n o )  e t h y l  
p h o s p h o r o t h i o i c  a c i d  h y d r a t e ] ,  admin-  
i s t e r e d  10 min p r i o r  t o  e x p o s u r e  t o  
1500 R X- rays  n e v e r  d e v e l o p e d  t h e  
a c u t e  i n t e s t i n a l  syndrome,  f a i l e d  t o  
become h e m o r r h a g i c  and d i d  n o t  s u c -  
cumb t o  marrow f a i l u r e .  S t u d i e s  o f  
t h e  i n t e s t i n a l  e p i t h e l i u m  showed t h a t  
t h e  compound h a d  l i t t l e  e f f e c t  on p r o -  
l i f e r a t i v e  c e l l s  b u t ,  r a t h e r ,  p r o -  
t e c t e d  p o s t m i t o t i c  c e l l s ,  p e r m i t t i n g  
them t o  s u r v i v e  l o n g  enough  f o r  t h e  
p r o l i f e r a t i v e  compar tment  t o  r e c o v e r  
and t o  r e s t o r e  a  normal  e p i t h e l i a l  
c o v e r i n g  on t h e  i n t e s t i n a l  v i l l i .  

T h i s  r e p o r t  d e a l s  w i t h  e x p e r i m e n t s  
i n t e n d e d  t o  l o c a l i z e  i n t r a c e l l u l a r  
b i n d i n g  s i t e s  o f  35S-WR2721, i n  o r d e r  
t o  b r i n g  a b o u t  a  more p r e c i s e  u n d e r -  
s t a n d i n g  o f  t h e  mode o f  a c t i o n  o f  t h e  
d r u g  i n  i t s  r o l e  a s  a  r a d i o p r o t e c t i v e  
a g e n t .  

Twenty-f  o u r  C57 b l a c k  m i c e ,  
1 8 - 2 0  g body w e i g h t ,  were  u s e d  i n  a  
s i n g l e  e x p e r i m e n t  t o  d e t e r m i n e  i n t r a -  
c e l l u l a r  l o c a l i z a t i o n  o f  3 5 ~ - W ~ 2 7 2 1  
i n  l i v e r ,  k i d n e y ,  g o n a d s ,  and i n t e s -  
t i n e .  The mice  w e r e  d i v i d e d  i n t o  
t h r e e  g r o u p s ,  e a c h  c o m p r i s e d  o f  f o u r  
m a l e s  and f o u r  f e m a l e s .  One g r o u p  
r e c e i v e d  o n l y  WR2721; a n o t h e r  g r o u p ,  
WR2721 1 0  m i n u t e s  p r i o r  t o  e x p o s u r e  
t o  1500 R X - r a y s ;  and  a  t h i r d  g r o u p ,  
1500 R X - r a y s  i m m e d i a t e l y  p r i o r  t o  
t r e a t m e n t  w i t h  WR2721. H a l f  o f  e a c h  
g r o u p ,  two m a l e s  a n d  two f e m a l e s ,  
was s a c r i f i c e d  a t  2  h r  and t h e  o t h e r  
h a l f  was s a c r i f i c e d  a t  24 h r  p o s t -  
t r e a t m e n t .  Spec imens  of l i v e r ,  k i d -  
ney and  s m a l l  i n t e s t i n e  were  s u b -  
j e c t e d  t o  c e l l  f r a c t i o n a t i o n  
p r o c e d u r e s  and t o  a u t o r a d i o g r a p h y .  
Gonads were  used  f o r  a u t o r a d i o g r a p h y  
o n l y .  

P o o l e d  s p e c i m e n s  o f  l i v e r ,  of k i d -  
ney  a n d  of  i n t e s t i n e  were  u s e d  f o r  



c e l l  f r a c t i o n a t i o n  s t u d i e s ,  and f rom summarize  t h e  r e s u l t s ;  d a t a  f o r  l i v e r  
t h e s e ,  a f t e r  h o m o g e n i z a t i o n ,  a  low-  i n  s u b g r o u p  3b a r e  n o t  a v a i l a b l e .  
s p e e d  ( 9 6 0  X g) s o l u b l e  f r a c t i o n  and  
a  p e l l e t  f r a c t i o n  were '  o b t a i n e d .  The The s o l u b l e  f r a c t i o n  c o n t a i n s  
p e l l e t  was r e s u s p e n d e d  i n  f r e s h  m e d i a ,  mic rosomes  and l i g h t e r  e l e m e n t s  of 
a n a l y z e d  f o r  5 S ,  s e d i m e n t e d  a g a i n  t h e  c e l l s  a n d  t h e  a c t i v i t y  i s  h i g h -  
and a n a l y z e d  a  s e c o n d  t i m e .  The b a r  e s t  i n  l i v e r  and l o w e s t  i n  k i d n e y  
g r a p h s  shown i n  F i g u r e s  2 4 . 1  and 24 .2  ( F i g u r e  2 4 . 1 ) ;  t h i s  c o r r e l a t e s  

U LIVER GROUP 1 3 5 ~ - W ~ 2 7 2 1  ONLY 

U KIDNEY GROUP 2 3 5 S - ~ ~ 2 7 2 1  + 1500R X - R A Y S  
140 0 INTESTINE n GROUP 3 1500R X-RAYS + 3 5 S - ~ ~ 2 7 2 1  

a b a b 
GROUP 1 GROUP 2 

SUBGROUP a - K I L L E D  2 hrs 
AFTER TREATMENT 

SUBGROUP b -K ILLED 24 hrs 
AFTER TREATMENT 

a b 
GROUP 3 

FIGURE 24 .1 .  3 5 S - ~ R  2721 i n  T i s s u e :  Low-speed  
S o l u b l e  F r a c t i o n .  

24 
a LIVER F IRST P E L E T  1 SECOND PELLET 

0 KIDNEY 

0 INTESTINE 
GROUP 1 3 5 ~ - ~ ~ 2 7 2 1  ONLY 

: GROUP 2 3 5 ~ - ~ ~ 2 7 2 1  + l 5 m R  X - R A Y S  
' 

GROUP 3 15mR X - R A Y S  + 3 5 ~ - ~ ~ 2 7 2 ~  

SUBGROUP a - K I L E D  2 hrr 
AFTER TREATMLNT 

SUBGROUP b - K l L E O  24 hrr 
AFTER TREATMNT 

a b a b a b a b a b a b 

GROUP l GROUP 2 GROUP 3 GROUP l GROUP 2 GROUP 3 

FIGURE 2 4 . 2 .  35S-WR 2721 i n  T i s s u e :  Low-speed P e l l e t .  



d i r e c t l y  w i t h  RNA c o n t e n t  o f  c e l l s  
c o m p r i s i n g  t h e  t h r e e  t i s s u e s .  Note  
t h a t  t h e r e  i s  no d i f f e r e n c e  be tween  
l i v e r  u p t a k e  i n  mice  r e c e i v i n g  o n l y  
WR2721 and  i r r a d i a t e d  mice  i n j e c t e d  
w i t h  WR2721 p r i o r  t o  e x p o s u r e ;  b u t  
u p t a k e  by l i v e r  i n  m i c e  i n j e c t e d  a f t e r  
r a d i a t i o n  e x p o s u r e  i s  c o n s i d e r a b l y  
h i g h e r .  A c t i v i t y  o f  3 5 S  i n  t h e  f i r s t  
p e l l e t  f r a c t i o n  was much l e s s  t h a n  i n  
t h e  s o l u b l e  f r a c t i o n  a n d  t h i s  was s u b -  
s t a n t i a l l y  r e d u c e d  by w a s h i n g  a n d  f u r -  
t h e r  c e n t r i f u g a t i o n ,  i n d i c a t i n g  t h a t  
t h e  p e l l e t  f r a c t i o n s  s t i l l  c o n t a i n e d  
a p p r e c i a b l e  amounts  o f  l i g h t e r  e l e -  
m e n t s .  F u r t h e r  s e p a r a t i o n s  a n d  c h a r -  
a c t e r i z a t i o n  o f  t h e  f r a c t i o n s  h a v e  
n o t  y e t  b e e n  c a r r i e d  o u t .  

The r e s u l t s  t o  d a t e  a r e  i n  a g r e e -  
ment  w i t h  t h e  c o n c e p t  t h a t  WR2721 
e x e r t s  i t s  p r o t e c t i v e  e f f e c t  on p o s t -  
m i t o t i c  c e l l s  r a t h e r  t h a n  on p r o l i f -  
e r a t i n g  c e l l s ,  p e r m i t t i n g  c e l l s  a l -  
r e a d y  on  t h e  v i l l i  t o  s u r v i v e  l o n g  
enough f o r  t h e  g e n e r a t i v e  compar tment  
t o  r e c o v e r  and r e p o p u l a t e  t h e  v i l l u s  
e p i t h e l i u m .  I n  some r e s p e c t s ,  t h e  
m o r p h o l o g i c  a p p e a r a n c e  o f  t h e  g u t  
e p i t h e l i u m  i n  p r o t e c t e d ,  i r r a d i a t e d  
mice  i s  s i m i l a r  t o  t h a t  o b s e r v e d  when 
t h e  g e n e r a t i v e  compar tment  was h e l d  
i n  m i t o t i c  a r r e s t  up t o  f o u r  d a y s  by 
i n j e c t i o n s  o f  c o l c h i c i n e .  

A l t h o u g h  t h e  c r y p t  c e l l  p o p u l a -  
t i o n s  were  s e v e r e l y  r e d u c e d  i n  number ,  
t h e  v i l l i  r e m a i n e d  c o v e r e d ,  i n d i c a t -  
i n g  t h a t  v i l l u s  e p i t h e l i a l  c e l l s  c a n  
r e m a i n  on t h e  v i l l u s  l o n g e r  t h a n  
would be p r e d i c t e d  on t h e  b a s i s  o f  
c e l l  t u r n o v e r  d a t a .  A c c o r d i n g l y ,  i t  
a p p e a r s  t h a t  e x p o s u r e  t o  r a d i a t i o n  
n o t  o n l y  i n t e r f e r e s  w i t h  c e l l  p r o l i f -  
e r a t i o n  b u t  t h a t  i t  a l s o  h a s  a  l i f e -  
s h o r t e n i n g  e f f e c t  on  m a t u r i n g  and  
m a t u r e  c e l l s .  I t  i s  t h e  l a t t e r  popu-  
l a t i o n  t h a t  WR2721 a p p e a r s  t o  p r o -  
t e c t ,  b u t  t h e  mechanisms i n v o l v e d  
a r e  unknown. 

L o c a l i z a t i o n  o f  35S-WR2721 i n  t h e  
microsome f r a c t i o n  d o e s  n o t  n e c e s -  
s a r i l y  imply  t h a t  t h e  p r o t e c t i v e  e f -  
f e c t  d e r i v e s  from r e a c t i o n s  t h a t  
s e r v e  t o  m a i n t a i n  v i a b l e  p a t h w a y s  f o r  
p r o t e i n  s y n t h e s i s ,  a l t h o u g h  i t  c o u l d  
b e  a  c o r r e c t  a s s u m p t i o n .  The com- 
pound i s  t o x i c ,  s o  t h e  microsome f r a c -  
t i o n  c o u l d  a l s o  be t h e  s i t e  o f  d e t o x i -  
f i c a t i o n ,  p a r t i c u l a r l y  i n  l i v e r .  
N e i t h e r  o f  t h e s e  c o n s i d e r a t i o n s  i s  
m u t u a l l y  e x c l u s i v e  and t h e  i n t e n t  o f  
c u r r e n t  s t u d i e s  i s  t o  d e t e r m i n e ,  i f  
p o s s i b l e ,  t h e  mode o f  p r o t e c t i o n  a n d  
t o  b e  a b l e  t o  make i n f o r m e d  judgments  
c o n c e r n i n g  p r o t e c t i o n  a g a i n s t  r a d i a -  
t i o n  s o u r c e s  o t h e r  t h a n  X - r a y s .  



TREATMENT FOR RADIONUCLIDE INCORPORATION 

P e r s o n  i n  C h a r g e :  V .  H .  Smi th  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  d e c r e a s e  t h e  damage p o t e n t i a l  f r o m  

i n h a l e d ,  s k i n -  o r  w o u n d - a b s o r b e d ,  o r  i n g e s t e d  r a d i o n u c l i d e s .  Whi le  p r i m a r i l y  

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

l a b o r a t o r i e s ,  i t  a l s o  l o o k s  t o  t h e  p o s s i b l e  t r e a t m e n t  n e e d s  a r i s i n g  f rom 

e x p o s u r e  o f  l a r g e r  s e g m e n t s  o f  t h e  p o p u l a t i o n .  The a p p r o a c h  i s  t o  d e v e l o p  

me thods  t h a t  w i l l  p r e v e n t  a b s o r p t i o n ,  h a s t e n  e x c r e t i o n ,  improve  d e c o n t a m i n a -  

t i o n ,  o r  a l t e r  t r a n s l o c a t i o n  o f  t h e  r a d i o n u c l i d e s  - -  a l l  f o r  t h e  p u r p o s e  o f  

m i n i m i z i n g  r a d i a t i o n  d o s e  t o  s e n s i t i v e  t i s s u e s .  N e c e s s a r i l y  a s s o c i a t e d  

s t u d i e s  i n c l u d e  mechanisms o f  r a d i o n u c l i d e  a b s o r p t i o n ,  t r a n s p o r t ,  m o b i l i z a -  

t i o n  a n d  t i s s u e  d i s t r i b u t i o n ,  p r e p a r a t i o n  o f  new t r e a t m e n t  a g e n t s  and me thod-  

o l o g y ,  and  t h e  t o x i c o l o g y ,  p h a r m a c o l o g y ,  p h a r m a c e u t i c s ,  and pha rmacodynamics  

o f  t r e a t m e n t  a g e n t s .  

C u r r e n t  r e s e a r c h  i n c l u d e s  a n  i n t e n s i v e  e f f o r t  t o  o b t a i n  t h e  i n f o r m a t i o n  

r e q u i r e d  i n  s u p p o r t  o f  a n  IND t o  l e g a l l y  p e r m i t  t h e  u s e  o f  i n h a l e d  Ca-DTPA, 

and p o s s i b l y  Zn-DTPA i n  humans.  T h i s  i n c l u d e s  s t u d i e s  on t h e  c o m p a r a t i v e  

e f f e c t i v e n e s s  o f  t h e  two s a l t s  when g i v e n  by i n h a l a t i o n  o r  i n j e c t i o n ,  and  

on t h e  p o s s i b l y  t o x i c  e f f e c t s  o f  i n h a l a t i o n  t r e a t m e n t  w i t h  t h e s e  a g e n t s .  

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

c e l l s  o f  t h e  r e t i c u l o e n d o t h e l i a l  s y s t e m .  A t t e m p t s  a r e  b e i n g  made t o  p r e p a r e  

s u i t a b l e  p h a r m a c e u t i c a l  v e c t o r s ,  e .  g .  m i c r o e n c a p s u l a t e d  c h e l a t i n g  a g e n t s ,  

t h a t  w i l l  b e  a b l e  t o  e n t e r  t h e s e  c e l l s  and  p o s s i b l y  remove a n  a d d i t i o n a l  

f r a c t i o n  o f  t h e  r a d i o n u c l i d e  n o t  a v a i l a b l e  by c u r r e n t  m e t h o d s .  C u l t u r e d  

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

r a d i o n u c l i d e  r e l e a s e  f rom s u c h  c e l l s  and t o  s e r v e  a s  a n  e c o n o m i c a l  t e s t  

s y s t e m  f o r  o p t i m i z i n g  new t r e a t m e n t s  b e f o r e  t e s t i n g  i n  a n i m a l s .  O t h e r  

j t u d i e s  a r e  a imed a t  f i n d i n g  new t r e a t m e n t  a g e n t s ,  p r e v e n t i n g  a b s o r p t i o n  o f  

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

r a d i o n u c l i d e  i n s u l t s .  
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IN VITRO TESTING OF AGENTS TO REMOVE INTRACELLULAR 

TRANSURANIC ELEMENTS 

I n v e s t i g a t o r s :  

R .  P. Schne ide r  and A .  V .  Robinson 

T e c h n i c a l  A s s i s t a n c e :  

L .  M .  Butcher  

An i n  v i t r o  t e s t  sys tem t o  s t u d y  b i o l o g i c a l  mechanisms 

of p a r t i c u l a t e  r a d i o n u c l i d e  u p t a k e ,  i n t r a c e l l u l a r  s o l u b i l i -  

z a t i o n  and m o b i l i z a t i o n  of  t h e s e  p a r t i c u l a t e s  i s  be ing  

deve loped .  I n  v i t r o  c u l t u r e s  of  e s s e n t i a l l y  pu re  r a b b i t -  

lung macrophages have been ma in t a ined  f o r  2 weeks w i t h o u t  

c e l l  t u r n o v e r  o r  a l t e r a t i o n .  Suspens ions  of  f r e s h l y  h a r -  

v e s t e d  c e l l s  have been shown t o  p h a g o c y t i z e  2 3 9 ~ ~ 0 2  p a r t i c l e s .  

P a r t i c u l a t e  forms o f  Pu r e a c h i n g  
t h e  lung a r e  r a p i d l y  phagocy t i zed .  
The p a r t i c l e s  a r e  l o c a t e d  w i t h i n  
phagolysosomes o f  macrophages where 
they  a r e  n o t  a v a i l a b l e  f o r  removal 
by c h e l a t o r s ,  which canno t  p e n e t r a t e  
c e l l  membranes. E f f e c t i v e  t h e r a -  
p e u t i c  p r o c e d u r e s  must e i t h e r  remove 
t h e  i n t a c t  p a r t i c l e s  from t h e  l u n g ,  
o r  c ause  t h e i r  c o n v e r s i o n  t o  forms 
which can  be  complexed and e x c r e t e d  
i n  t h e  u r i n e .  To b e t t e r  s t u d y  t h e  
mechanisms of  p a r t i c u l a t e  r a d i o -  
n u c l i d e  up t ake  and r e l e a s e  from lung  
macrophages,  an  i n  v i t r o  c e l l  c u l -  
t u r e  s y s  tem was i n v e s t i g a t e d .  S ince  
t h e  r e t i c u l o e n d o t h e l i a l  sys tem and 
i t s  macrophages a r e  i nvo lved  i n  t h e  
h a n d l i n g  of  p a r t i c u l a t e  r a d i o n u c l i d e s  
i n  many o r g a n s ,  i n f o r m a t i o n  from lung  
macrophages might  have wide a p p l i c a -  
t i o n  t o  t h e  u n d e r s t a n d i n g  of  t h e s e  
p r o c e s s e s .  

Lung macrophages a r e  h a r v e s t e d  
from r a b b i t s  by l ung  l a v a g e .  The 
y i e l d  i s  about  10' c e l l s  p e r  r a b b i t .  
The c e l l s ,  a f t e r  c o n c e n t r a t i o n  by 
c e n t r i f u g a t i o n ,  a t t a c h  t o  t h e  s u r -  
f a c e  of p l a s t i c  t i s s u e  c u l t u r e  f l a s k s  
t o  a  d e n s i t y  of  0 . 2  x  l o 6  c e l l s .  

T h i s  adhe rence  o f  macrophages t o  
t h e  p l a s t i c  s u r f a c e  a l l ows  s e l e c t i v e  
removal of  con t amina t i ng  lymphocytes  
and e r y t h r o c y t e s  by washing.  The 
c u l t u r e  medium f i n a l l y  s e l e c t e d  was 
s t a n d a r d  medium M-199 w i t h  E a r l e ' s  
s a l t s ,  supplemented w i t h  20% r a b b i t  
serum. I n  t h i s  sys tem,  t h e  c o n d i t i o n  
and number of  c e l l s  c an  be d i r e c t l y  
examined through t h e  t r a n s p a r e n t  w a l l s  
of t h e  f l a s k s .  Attachment  of  about  
90% of  t h e  macrophages o c c u r s  w i t h i n  
1 h o u r .  Loss o f  c e l l s  from c u l t u r e s  
a v e r a g e s  on ly  abou t  5% p e r  d a y ,  and 
t h e  c u l t u r e s  a r e  m o r p h o l o g i c a l l y  
s t a b l e  f o r  2 weeks. 

2 3 9 ~ ~ 0 2  p a r t i c l e s  ( ave rage  diame- 
t e r ,  about  0 . 1  um) were i ncuba t ed  
w i t h  c e l l s  i n  s u s p e n s i o n  a t  37OC. 
Subsequent  a u t o r a d i o g r a p h y  of  smears  
of  t h e  c e l l s  demons t r a t ed  t h a t  Pu 
p a r t i c l e s  were a c t i v e l y  phagocy t i zed  
i n  t h i s  i n  v i t r o  sys tem.  Attachment  
of  c e l l s  t o ~ t h e  f l a s k s  was a p p a r e n t l y  
n o t  i n h i b i t e d  by t h e  r a d i o n u c l i d e .  
Con t inu ing  s t u d i e s  w i l l  measure 
e f f e c t s  of  v a r i o u s  t r e a t m e n t  a g e n t s  
on t h e  s o l u b i l i t y  of  Pu i n  t h e  
macrophages.  



LATE EFFECTS OF INHALED Ca-DTPA IN RATS PREVIOUSLY 

EXPOSED TO 9~~ ( ~ 0 ~ ) ~  AEROSOLS 

I n v e s t i g a t o r s :  

J .  E. B a l l o u ,  G .  E. D a g l e ,  K .  E. McDonald and 

R .  L .  Buschbom 

T e c h n i c a l  A s s i s t a n c e :  

R .  A .  G i e s  

I n h a l e d  Ca-DTPA a d m i n i s t e r e d  a t  s i x  w e e k l y  i n t e r v a l s ,  

1 - h o u r  e x p o s u r e s ,  3 m g / e x p o s u r e ,  commencing 20 d a y s  a f t e r  

Pu(N03)4  i n h a l a t i o n ,  r e d u c e d  Pu d e p o s i t i o n  i n  s k e l e t o n  and  l i v e r  

by 20% f rom s h a m - t r e a t e d  c o n t r o l  v a l u e s  b u t  d i d  n o t  i n f l u e n c e  

bone  and  l u n g  tumor  i n c i d e n c e .  A s i n g l e  l u n g  tumor  d e v e l o p e d  i n  

a  r a t  t r e a t e d  o n l y  w i t h  Ca-DTPA, however  t h i s  l e s i o n  c a n n o t  b e  

a t t r i b u t e d  w i t h  c e r t a i n t y  t o  t h e  d r u g  t r e a t m e n t .  

The a c u t e  t o x i c i t y  o f  i n h a l e d  
Ca-DTPA was p r e s e n t e d  i n  p r e v i o u s  
Annua l  R e p o r t s .  I n f o r m a t i o n  on t h e  TABLE 2 5 . 1 .  E x p e r i m e n t a l  P r o t o c o l  l o n g - t e r m  e f f e c t s  f o l l o w i n g  a  t y p i c a l  
t r e a t m e n t  s e q u e n c e  w e r e  s o u g h t  i n  
t h i s  s t u d y .  

R a t s  were  e x p o s e d  t o  P U ( N O ~ ) ~  
a e r o s o l s  a n d  t r e a t e d  20 d a y s  a f t e r -  
w a r d s  w i t h  s i x  w e e k l y  i n h a l e d  d o s e s  
o f  Ca-DTPA ( 1 0  mg/kg) .  The a b -  
s o r b e d  c h e l a t e  d o s e  was a b o u t  3 mg/ 
e x p o s u r e ,  a s  d e t e r m i n e d  by m e a s u r i n g  
DTPA e x c r e t e d  i n  u r i n e  d u r i n g  t h e  
f i r s t  t h r e e  d a y s  a f t e r  Ca-DTPA i n -  
h a l a t i o n .  The e x p e r i m e n t a l  p r o -  
t o c o l  i s  summar ized  i n  T a b l e  25.1 .  

Changes  i n  w e i g h t  g a i n  and s u r -  
v i v a l ,  a s  w e l l  a s  Ca-DTPA d e c o r p o r a -  
t i o n  e f f i c a c y ,  w e r e  r e p o r t e d  i n  
p r e v i o u s  Annua l  R e p o r t s .  B r i e f l y ,  
t h e r e  was no e f f e c t  o f  Ca-DTPA 
a d m i n i s t r a t i o n  o n  w e i g h t  g a i n  and 
s u r v i v a l ,  a l t h o u g h  t h e  c h e l a t i n g  
a g e n t  r e d u c e d  s k e l e t a l  and  h e p a t i c  
Pu l e v e l s  by  20% (p  = 0 . 0 5 )  f rom 
t h e  n o n t r e a t e d  c o n t r o l  l e v e l .  T h e r e  
was no a p p a r e n t  e f f e c t  o f  t r e a t m e n t  
o n  Pu r e t e n t i o n  i n  t h e  l u n g .  

As r a t s  d i e d  d u r i n g  t h e  l o n g - t e r m  
p h a s e  o f  t h i s  s t u d y ,  t h e  m a j o r  t i s -  
sues w e r e  examined  h i s t o p a t h o l o g -  
i c a l l y  and t h e  s i g n i f i c a n t  l e s i o n s  

NUMBER 
TREATMENT OF RATS 

P I J ( N O ~ ) ~ ( ~ )  +SHAM Ca-DTPA 20 

SHAM C~-DTPA(') 30  

Ca- DTPA 70  

NONTREATED CONTROLS 100 

(a) I N I T I A L  LUNG BURDEN AVERAGED 78  nC i :  RANGE 51-105 n C i  MEASURED 
IMMEDIATELY AFTER EXPOSURE. 

(b l  ESTIMATED DEPOSITION WAS 3 mqlRAT FOR EACH OF S I X  WEEKLY ONE- 
HOUR EXPOSURES. 

(c) SHAM-EXPOSED ANIMALS WERE SUBJECTED TO THE SAME TREATMENT 
AS THE EXPOSED GROUPS EXCEPT THAT NO AEROSOL WAS DELIVERED. 

* 
w e r e  r e c o r d e d .  Lung,  l i v e r ,  s k e l e -  
t o n ,  t r a c h e o b r o n c h i a l  lymph n o d e s ,  

. 
p e l t  a n d  r e s i d u a l  s o f t  t i s s u e s  w e r e  
a n a l y z e d  f o r  Pu c o n t e n t  t o  c a l c u l a t e  
c u m u l a t i v e  l i f e - t i m e  r a d i a t i o n  d o s e .  

I n  T a b l e  2 5 . 2 ,  t h e  m a l i g n a n t  
tumor  i n c i d e n c e  i n  l u n g  a n d  bone  i s  
l i s t e d  f o r  t h e  v a r i o u s  t r e a t m e n t  



TABLE 2 5 . 2 .  Number o f  M a l i g n a n t  Lung and  Bone i n  R a t s  Admin- 
i s t e r e d  P u ( N O ~ ) ~  and  Ca-DTPA b y  I n h a l a t i o n .  

LUNG SKELETON 

SQUAMOUS CELL ADENOSQUAMOUS 
TREATMENT TOTAL ADENOCARCINOMAS CARCINOMAS CARCINOMAS OSTEOSARCOMAS 

P U I N O ~ ) ~  + SHAM Ca-DTPA 9120 7 120 1120 1120 1/20 

P U ( N O ~ ) ~  + Ca-DTPA 18146 16146 2146 0146 1 146 

SHAM Ca- DTPA OD0 0130 Oi30 0130 Oi30 

Ca-DTPA 1/70 1/70 OR0 OR0 OR0 

NONTREATED CONTROLS 01100 01100 01100 01100 01100 

g r o u p s .  The l u n g  tumors  i n c l u d e d  
23 a d e n o c a r c i n o m a s ,  f o u r  squamous 
c e l l  c a r c i n o m a s ,  and o n e  mixed t y p e  
adenosquamous c a r c i n o m a .  Only two 
o s t e o s a r c o m a s  w e r e  f o u n d :  o n e  i n  
t h e  g r o u p  e x p o s e d  t o  Pu(N03)4  + 
Ca-DTPA, and  o n e  i n  t h e  P u ( N 0 3 j 4  
+ sham Ca-DTPA g r o u p .  No s i g n i f i -  
c a n t  d i f f e r e n c e  i n  tumor i n c i d e n c e  
was shown be tween  t h e s e  two g r o u p s .  
The s i n g l e  l u n g  tumor o b s e r v e d  w i t h  
Ca-DTPA a l o n e  c a n n o t  b e  a t t r i b u t e d  
w i t h  any d e g r e e  o f  c e r t a i n t y  t o  t h e  
c h e l a t e  t r e a t m e n t .  A l t h o u g h  t h e  
normal  i n c i d e n c e  o f  l u n g  t u m o r s  i n  
t h e  W i s t a r  s t r a i n  i s  q u i t e  low (on 
t h e  o r d e r  o f  0 .  I % ) ,  l u n g  tumors  
have  b e e n  r e p o r t e d  b y  o t h e r s  i n  c o n -  
t r o l  r a t s  exposed  t o  a c i d i c  n i t r a t e  
a e r o s o l s .  

The a c c u m u l a t e d  r a d i a t i o n  d o s e  
t o  l u n g  and  s k e l e t o n  was c a l c u l a t e d  
f o r  e a c h  r a t  o n  t h e  b a s i s  o f  t h e  
amount o f  p l u t o n i u m  i n  t h e s e  t i s -  
s u e s  a t  d e a t h  and t h e  p l u t o n i u m  

r e t e n t i o n  k i n e t i c s ,  d e t e r m i n e d  f rom 
a n a l y s e s  o f  a n i m a l s  t h a t  were  s e -  
r i a l l y  s a c r i f i c e d  o r  t h a t  d i e d  d u r -  
i n g  t h e  c o u r s e  o f  t h i s  s t u d y .  The 
a c c u m u l a t e d  r a d i a t i o n  d o s e  t o  l u n g  
and c o r r e s p o n d i n g  numbers  o f  l u n g  
tumors  a r e  l i s t e d  i n  T a b l e  2 5 . 3  
f o r  b o t h  Ca-DTPA- t rea ted  and sham- 
t r e a t e d  r a t s .  S i m i l a r  d a t a  a r e  
shown f o r  bone tumors  i n  T a b l e  2 5 . 4 .  
The c u m u l a t i v e  l u n g  d o s e  v a r i e d  
o v e r  a  5 0 - f o l d  r a n g e ,  due  m o s t l y  t o  
t h e  v a r i a t i o n  i n  i n i t i a l  d e p o s i t i o n  
( a v e r a g e  7 8  n C i ;  r a n g e  5 1 - 1 0 5  n C i )  
and  d i f f e r e n c e s  i n  l i f e  s p a n  
(s 500-1000  d a y s ) .  Lung tumors  
were  f o u n d  i n  r a t s  a c c u m u l a t i n g  
f rom 50 t o  2000 r a d s  t o  t h e  l u n g .  
Only two bone tumors  were  o b s e r v e d  
( T a b l e  2 5 . 4 )  , one  i n  e a c h  PU (NO3) L, 
g r o u p ,  a f t e r  c u m u l a t i v e  d o s e s  o f  
10 and  25 r a d s .  The r e s u l t s  i n d i -  
c a t e  t h a t  i n h a l e d  Ca-DTPA n e i t h e r  
augmented n o r  r e p r e s s e d  t h e  t u -  
m o r i g e n i c i t y  o f  i n h a l e d  Pu (NO3) 
i n  t h e s e  a n i m a l s .  



TABLE 2 5 . 3 .  Lung Tumors a n d  C u m u l a t i v e  R a d i a t i o n  Dose i n  R a t s  
A d m i n i s t e r e d  I n h a l e d  Ca-DTPA o r  Sham Ca-DTPA A f t e r  Pu(N03) ,  
I n h a l a t i o n .  

NUMBER OF RATS NUMBER OF RATS 

LIFETIME ACCUMULATED IN RANGE AVERAGE DAYS AT R l  SK WITH LUNG TUMORS 

DOSE TO LUNG, rads Ca-DTPA SHAM Ca- DTPA Ca- DTPA SHAM Ca- DTPA Ca- DTPA SHAM Ca-DTPA 

36- 100 5 1 603 BE* 1 1 

501- 1000 8 5 7 14 699 6 2 
<. 

1001-Moo 1 3 975 * 641 1 2 

Ca- DTPA 70 30 604 591 1 0 

NONTREATED CONTROL 99 677 --- 0 

* VALUE FOR ONE RAT 

TABLE 2 5 . 4 .  Bone Tumors a n d  C u m u l a t i v e  R a d i a t i o n  Dose i n  R a t s  
A d m i n i s t e r e d  I n h a l e d  Ca-DTPA o r  Sham Ca-DTPA A f t e r  Pu(N03)  ,+ 
I n h a l a t i o n .  

LIFETIME ACCUMULATED 
DOSE TO BONE, rads 

2- 10 

Ca- DTPA 

CONTROL 

NUMBER OF RATS 
I N  DOSE RANGE 

Ca-DTPA SHAM Ca-DTPA 

18 0 

11 6 

5 2 

10 10 

70 30 

99 . . 

AVERAGE DAYS AT R I  SK 

Ca- DTPA SHAM Ca- DTPA 

4% 0 

5% 593 

692 680 

7 92 653 

604 591 

677 .-- 

NUMBER OF RATS 
WITH OSTEOSARCOMAS 

Ca- DTPA SHAM Ca- DTPA 

1 0 

0 0 

0 1 

0 0 

0 0 

0 0 



REMOVAL OF INTRATRACHEALLY INTUBATED 
2 5 3 E ~ ( ~ 0 3 )  3 

FROM RATS BY INHALED OR INJECTED Ca- OR Zn-DTPA 

P r i n c i p a l  I n v e s t i g a t o r :  

V. H .  Smi th  

T e c h n i c a l  A s s i s t a n c e :  

K .  A .  A l l e n  and  D .  W .  W i l l a r d  

T w e n t y - s e v e n  d a y s  a f t e r  t h e  i n t r a t r a c h e a l  i n s t i l l a t i o n  o f  

2 5 3 ~ s ( ~ 0 3 ) 3  t o  r a t s ,  Ca-DTPA, Zn-DTPA, o r  m i x t u r e s  o f  t h e  two ,  

were  g i v e n  by i n h a l a t i o n  o r  i n t r a p e r i t o n e a l  i n j e c t i o n  f o r  a  

s e r i e s  o f  n i n e  t r e a t m e n t s  s p a c e d  o v e r  3  weeks .  The c a t i o n  had 

no e f f e c t  on  t r e a t m e n t  e f f e c t i v e n e s s  b u t  a d m i n i s t r a t i o n  by i n j e c -  

t i o n  may g i v e  b e t t e r  r e m o v a l  o f  E s  f rom t h e  l i v e r  t h a n  d o e s  

i n h a l a t i o n .  High d o s e s  o f  t h e  c h e l a t i n g  a g e n t  remove more  E s ,  

t hough  t h e  m a g n i t u d e  o f  t h i s  e f f e c t  d e c r e a s e s  w i t h  t h e  number o f  

t r e a t m e n t s .  I n c r e a s e d  r e t e n t i o n  o f  E s  was o b s e r v e d  i n  t h e  l u n g s  

o f  mos t  t r e a t e d  r a t s .  

I t  would a p p e a r  t h a t  a  b i o l o g -  
i c a l l y  m o b i l e  a c t i n i d e  s u c h  a s  e i n -  
s t e i n i u m  m i g h t  be  more r e a d i l y  r e -  
moved by c h e l a t i n g  a g e n t s  f r o m  s i t e s  
o f  t i s s u e  d e p o s i t  t h a n  l e s s  m o b i l e  
a c t i n i d e s  s u c h  a s  p l u t o n i u m .  We 
have  examined t h e  e f f e c t  o f  Ca- a n d /  
o r  Zn-DTPA on t h e  r e m o v a l  o f  E s ,  a s  
i n f l u e n c e d  by d o s e  and r o u t e  o f  a d -  
m i n i s t r a t i o n .  

A d u l t ,  f e m a l e  W i s t a r  r a t s  u n d e r  
l i g h t  e t h e r  a n e s t h e s i a  were  i n t u -  
b a t e d  i n t r a t r a c h e a l l y  w i t h  
1 7 . 4  1 1 C i  2 5 3 ~ s ( ~ 0 3 ) 3  i n  0 . 4  m l  o f  
0 . 1  M HN03. A f t e r  27 d a y s ,  30-min 
i n h a l a t i o n  t r e a t m e n t s  o r  1 - m l  i n t r a -  
p e r i t o n e a l  i n j e c t i o n s  o f  DTPA were  
s t a r t e d .  T r e a t m e n t s  were  g i v e n  t h r e e  
t i m e s  a  week on a l t e r n a t i v e  d a y s  f o r  
3 weeks .  An imal s  w e r e  s a c r i f i c e d  and  
t i s s u e s  t a k e n  f o r  r a d i o a n a l y s i s  2 1  
d a y s  a f t e r  t r e a t m e n t s  w e r e  i n i t i a t e d .  
The i n h a l e d  d o s e  o f  DTPA was e s t i -  
ma ted  f rom 14c l a b e l  e x c r e t e d  i n  
u r i n e  o f  r a t s  e x p o s e d  t o  1 4 c - D ~ p ~  a t  
t h e  same t i m e  a s  t h e  t r e a t e d  a n i m a l s .  
The i n h a l e d  DTPA d o s e  was a b o u t  0 . 0 3  
mmol/kg and t h i s  same d o s e  was g i v e n  
i n t r a p e r i t o n e a l l y ;  a  h i g h e r  d o s e  o f  
1 mmol/kg was a l s o  g i v e n  t o  compare  
d o s e  e f f e c t s .  The low d o s e  was a b o u t  

t h e  same a s  t h e  human i n t r a v e n o u s  
d o s e ,  0 .2  mmol/kg. A l l  Es m e a s u r e -  
m e n t s  w e r e  c o r r e c t e d  f o r  d e c a y .  

The h i  h  r a d i a t i o n  d o s e  f rom 
1 7 . 4  u C i  k 5 3 E s  d e p o s i t e d  i n  t h e  l u n g s  
p r o d u c e d  no e f f e c t s  o n  w e i g h t  g a i n ,  
and no g r o s s  e v i d e n c e  o f  p n e u m o n i t i s  
o r  o t h e r  l e s i o n s  i n  t h e  l u n g s .  Dur -  
i n g  t h e  t r e a t m e n t  p e r i o d ,  c o n t r o l  
r a t s  e x c r e t e d  2 . 6 %  o f  t h e  i n i t i a l  Es 
d o s e ;  t h o s e  t r e a t e d  w i t h  t h e  low DTPA 
d o s e  e x c r e t e d  s i x  t i m e s  more t h a n  t h e  
c o n t r o l s .  The d i f f e r e n c e  d u e  t o  
t r e a t m e n t  d o s e  a p p e a r e d  t o  d i m i n i s h  
w i t h  t h e  number o f  t r e a t m e n t s  a s  d o e s  
t h e  e f f e c t i v e n e s s  p e r  t r e a t m e n t  ( F i g -  
u r e  2 5 . 1 ) .  T h e r e  were  no d i f f e r e n c e s  
i n  Es e x c r e t i o n  d u e  t o  t h e  c a t i o n  
a s s o c i a t e d  w i t h  DTPA, o r  t o  t h e  mode 
o f  d e l i v e r y .  

The Es c o n t e n t  o f  l u n g ,  l i v e r ,  a n d  
s k e l e t o n  a s  measured  i n  t h e  v a r i o u s  
t r e a t m e n t  g r o u p s  a r e  shown i n  
T a b l e  2 5 . 5 .  R e g a r d l e s s  of  d o s e ,  
t h e r e  a p p e a r e d  t o  be  l i t t l e  o r  no 
e f f e c t  o n  Es d e p o s i t i o n  a s  t h e  c a t -  
i o n i c  component  o f  DTPA was v a r i e d .  
With t h r e e  e x c e p t i o n s ,  t r e a t m e n t  w i t h  
DTPA a p p e a r e d  t o  i n c r e a s e  t h e  c o n c e n -  
t r a t i o n  of  Es i n  t h e  l u n g ,  a n  o b s e r v a -  



-HIGH DTPA DOSE, INJECTED 

DOSE, INJECTED 

27 30 33 36 39 42 45 48 

DAYS AFTER Es ADMINISTRATION 

TRIANGLES INDICATE DAYS TREATMENTS GIVEN 

FIGURE 2 5 . 1 .  E x c r e t i 9 g 3 0 f  I n t r a t r a -  
c h e a l l y  A d m i n i s t e r e d  E s  by  t h e  Rat  
and  t h e  E f f e c t  o f  DTPA on Tha t  E x c r e -  
t i o n .  Zn- and Ca-DTPA r e s u l t s  a t  
e a c h  l e v e l  w e r e  combined t o  show t h e  
e f f e c t  o f  r o u t e  and  d o s e  l e v e l .  



TABLE 2 5 . 5 .  E i n s t e i n i u m  C o n t e n t  o f  Organs  o f  R a t s  T r e a t e d  With 
I n h a l e d  o r  I n j e c t e d  Ca- o r  Zn-DTPA. 

NUMBER OF 
TREATMENT ROUTE AN I M A L S  

INHALED 8 

8 

8 

INJECTED. 8 
INTRAPERITON- 
EALLY 8 

CONTROL 8 

RAT I0 OF 
Ca: Z N  

DPTA SALT 

l : o  
2: 3 

1: 9 

0: 1  

OF A D M l N l  STERED DOSE 
LUNG SKELETON 

9.8 
(b) a77(a)  37(a), b )  

(a)  MEANS WITH SAME LETTER ARE NOT DIFFERENT FROM EACH OTHER AT THE 0.05 SIGNIFICANCE 
LEVEL 

') A N I M A L S  SACRIFICED AT BEGINNING OF TREATMENT PERIOD 

t i o n  i n c o n s i s t e n t  w i t h  p r e v i o u s  e x -  
p e r i e n c e  and p r e s e n t l y  b e i n g  f u r t h e r  
i n v e s t i g a t e d .  Es r emova l  f rom l i v e r  
showed a  marked d o s e  e f f e c t ;  i n j e c t e d  
DTPA a p p e a r e d  t o  b e  more e f f i c i e n t  a t  
removing Es f rom l i v e r  t h a n  d i d  i n -  
h a l e d  DTPA. T h e r e  was l i t t l e  o r  no  
e f f e c t  o f  d o s e  o r  r o u t e  o f  a d m i n i s t r a -  
t i o n  on c o n c e n t r a t i o n s  o f  Es i n  b o n e .  
Both  d o s e  r e g i m e n s  a p p e a r e d  t o  d e -  
c r e a s e  bone l e v e l s  o f  Es by a p p r o x i -  

m a t e l y  1 0 % .  Comparison o f  t i s s u e  Es 
l e v e l s  i n  c o n t r o l  a n i m a l s  h e l d  4 8  
d a y s  p o s t e x p o s u r e  v e r s u s  a n i m a l s  h e l d  
2 1  d a y s  p o s t e x p o s u r e  s u g g e s t s  t h a t ,  
w i t h  t h e  e x c e p t i o n  o f  s k e l e t o n ,  t h e r e  
i s  c o n s i d e r a b l e  n a t u r a l  l o s s  o f  t h i s  
e l e m e n t .  I t  would a p p e a r  t h a t  t h e  
e f f e c t i v e n e s s  o f  DTPA a s  a  r emova l  
a g e n t  i s  n o t  w e l l  c o r r e l a t e d  w i t h  t h e  
r e l a t i v e  b i o l o g i c  m o b i l i t y  o f  E s .  



PREPARATION OF ALBUMIN MICROSPHERIODS 

CONTAINING ZN-DTPA 
. 

I n v e s t i g a t o r :  

D .  H .  W i l l a r d  and V .  H .  S m i t h  

Zn-DTPA was e n c a p s u l a t e d  i n  m a t e r i a l s  p r e s e n t i n g  b o t h  a  

l i p i d  s u r f a c e  ( l i p o s o m e s )  and  a  p r o t e i n  s u r f a c e .  The amount o f  

Zn-DTPA i n c o r p o r a t e d  was on t h e  o r d e r  of  l o - ' *  t o  m o l e s  

f o r  a  1-um d i a m e t e r  c a p s u l e ;  b a r e l y  enough  t o  complex  t h e  Pu 

c o n t a i n e d  i n  a  m o d e r a t e - s i z e  Pu p o l y m e r .  N e i t h e r  t y p e  o f  m i c r o -  

c a p s u l e  c a u s e d  d i s t r e s s  o r  g r o s s  l u n g  l e s i o n s  when i n h a l e d  b y ,  o r  

i n t r a c h e a l l y  a d m i n i s t e r e d  t o  r a t s .  

The c h e l a t i n g  a g e n t  DTPA, when 
a d m i n i s t e r e d  a s  t h e  Ca o r  Zn s a l t ,  
d o e s  n o t  a p p e a r  t o  c r o s s  c e l l  mem- 
b r a n e s .  S i n c e  i n h a l e d  Pu i s  q u i c k l y  
i n c o r p o r a t e d  i n  l u n g  m a c r o p h a g e s ,  a  
m i c r o e n c a p s u l a t e d  s y s t e m  f o r  d e l i v e r y  
of  DTPA t o  t h e  l u n g  m i g h t  a l l o w  t h e  
DTPA t o  e n t e r  t h e  c e l l s  and  r e l e a s e  
Pu n o t  a v a i l a b l e  t o  c o n v e n t i o n a l  
i n t r a v e n o u s  t h e r a p y .  

U s i n g  t h e  p r o c e d u r e s  o f  Rahman 
e t  a l .  ( J .  Lab .  C l i n .  Med. 8 3 :  6 4 0 ,  
1 9 7 4 ) ,  l i p o s o m e s  c o n t a i n i n g T 4 C - D T P A  
were  p r e p a r e d .  An a d d i t i o n a l  u l t r a -  
s o n i c a t i o n  s t e p  was u s e d  t o  o b t a i n  
l i p o s o m e s  i n  t h e  r e s p i r a b l e  s i z e  
r a n g e  ( <  2 pm). I n  o u r  h a n d s ,  t h e  
p r e p a r e d  l i p o s o m e s  c o n t a i n e d  d i s -  
a p p o i n t i n g l y  s m a l l  amoun t s  o f  DTPA, 

mole  (?  a n  o r d e r  o f  m a g n i t u d e )  
a s  e s t i m a t e d  by 1 4 C  m e a s u r e m e n t s .  
D e s p i t e  t h e i r  f r a g i l e  a p p e a r a n c e  and  
s e n s i t i v i t y  t o  o s m o t i c  c h a n g e s ,  t h e  
l i p o s o m e s  a p p e a r e d  t o  a e r o s o l i z e  f r o m  
a  R e t e c  n e b u l i z e r  e s s e n t i a l l y  un-  
c h a n g e d ,  a s  j u d g e d  f r o m  m i c r o s c o p i c  
e x a m i n a t i o n .  No g r o s s  l e s i o n s  o f  t h e  
l u n g s  w e r e  n o t e d  i n  r a t s  t h a t  i n h a l e d  
o r  were  i n t r a t r a c h e a l l y  i n t u b a t e d  
w i t h  l i p o s o m a l  DTPA a t  d o s e s  o f  1 - 9  
mg/kg body w e i g h t .  

The p o o r  y i e l d s  e x p e r i e n c e d  i n  t h e  
p r e p a r a t i o n  o f  l i p o s o m e s  l e d  u s  t o  
t r y  i n c o r p o r a t i n g  Zn-DTPA i n t o  b e e f  
se rum m i c r o c a p s u l e s ,  u s i n g  e s s e n -  
t i a l l y  t h e  p r o c e d u r e s  o f  Kramer 
(J .  Pharm. S c i .  6 3 :  1 6 4 7 ,  1 9 7 4 ) .  I n  
a  t y p i c a l  p r e p a r a t i o n ,  t h e  p a r t i c l e -  
s i z e  d i s t r i b u t i o n  was b i m o d a l ,  r a n g -  

i n g  from 10 t o  20 Dm and  f r o m  0 .2  t o  
5  p m .  The l a r g e r  p a r t i c l e s  were  s e p a -  
r a t e d  by c e n t r i f u g a t i o n  and c o n t a i n e d  
a b o u t  85% of  t h e  e n c a p s u l a t e d  DTPA; 
t h e  s m a l l e r  p a r t i c l e s  c o n t a i n e d  1 5 % .  
The p a r t i c l e s  were  washed w i t h  e t h a -  
n o l  and  d i e t h y l  e t h e r  t o  g i v e  a  r e a d -  
i l y  s t o r a b l e  d r y  powder .  The s m a l l e r -  
s i z e d  a l b u m i n  m i c r o c a p s u l e s  
(CMD 1 . 2  urn) w e r e  s t a b l e  when n e b u -  
l i z e d ,  b u t  t h e  DTPA s t a r t e d  t o  l e a c h  
o u t  a s  soon  a s  t h e y  were  p u t  i n t o  
w a t e r  t o  p r o d u c e  a e r o s o l s  f o r  i n h a l a -  
t i o n  by  t h e  r a t s .  No t o x i c  r e a c t i o n s  , 
w e r e  n o t e d  a f t e r  i n h a l a t i o n  o f  
3  mg DTPA/kg body w e i g h t  o r  a f t e r  
i n t r a t r a c h e a l  i n t u b a t i o n  o f  up  t o  4 
t i m e s  h i g h e r  d o s e s .  

More DTPA was t a k e n  up by t h e  
a l b u m i n  m i c r o c a p s u l e s  t h a n  by t h e  
l y s o s o m e s ,  b u t  t h e  amount was s t i l l  
s m a l l .  T h i s  would  be  r o u g h l y  e q u i -  
m o l a r  t o  a  Pu po lymer  o f  a b o u t  
400 [ - 0 - P u - 0 - 1  u n i t s .  

The b i n d i n g  o f  DTPA t o  a l b u m i n  
w i t h o u t  m i c r o e n c a p s u l a t i o n  was a l s o  
s t u d i e d  i n  a n  e f f o r t  t o  o b t a i n  h i g h e r  
DTPA- load ing .  I n  F i g u r e  2 5 . 2 ,  t h e  
r e s u l t s  o f  t e s t i n g  f o r  e f f e c t s  o f  
~ o s s i b l e  b i n d i n g  o n  t h e  d i f f u s i o n  o f  

" C - l a b e l e d  Zn-DTPA a r e  compared  f o r  
Zn-DTPA, a l b u m i n  + Zn-DTPA, and  
Zn-DTPA i n  a l b u m i n  m i c r o s c a p s u l e s .  
The p r e s e n c e  o f  a l b u m i n  d o e s  r e t a r d  
t h e  a p p e a r a n c e  o f  l a b e l  i n  t h e  
d i f f u s a t e ,  and Zn-DTPA f r o m  m i c r o -  
c a p s u l e s  showed a n  e v e n  s l o w e r  
a p p e a r a n c e .  



The d i f f u s i o n  was s o l u t i o n - l i m i t e d ,  
s o  t h a t  d i f f e r e n c e s  i n  t h e  c u r v e s  
r e p r e s e n t  d i f f e r e n c e s  i n  a v a i l a b i l i t y  
o f  Zn-DTPA t o  d i f f u s e  a c r o s s  t h e  mem- 
b r a n e .  D e s p i t e  t h e s e  i n  v i t r o  d i f -  
f e r e n c e s ,  u r i n e  c o l l e c t e d  f rom two 
r a t s  i n t r a t r a c h e a l l y  i n j e c t e d  w i t h  
Zn-DTPA ( l  4 ~ )  m i c r o c a p s u l e s  showed 
50% o f  t h e  DTPA i n  t h e  u r i n e  i n  2  
h o u r s ,  t h e  same a s  f o r  u n e n c a p s u l a t e d  
Zn- DTPA. 

Some a l t e r a t i o n s  i n  t h e  p r e p a r a -  
t i o n  p r o c e d u r e  a r e  b e i n g  t r i e d  t o  
i n c r e a s e  l o a d i n g  and y i e l d  o f  DTPA- 
a lbumin  m i c r o c a p s u l e s  i n  t h e  r e s p i r a -  
t o r y  s i z e  r a n g e .  I n  v i t r o  t e s t s  f o r  
u p t a k e  i n  macrophages  w i l l  be  f o l -  
lowed b y  i n  v i v o  t e s t s  f o r  e f f e c t i v e -  
n e s s  o f  r e m o v a l .  
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FIGURE 25.2 .  R e l a t i v e  D i f f u s i o n  
Through a S p e c t r o p o r e  # 2  Membrane o f  
1 4 c - D ~ p A  a s  Zn-DTPA, Zn-DTPA + Albu-  
min and Zn-DTPA i n  Albumin M i c r o c a p -  
s u l e s .  

Zn-DTPA + ALBUMIN , 



TREATMENT FOR TOXIC METAL EXPOSURES ASSOCIATED WITH 

NON-NUCLEAR ENERGY TECHNOLOGIES 

Pe r son  i n  Charge:  V .  H .  Smith 

Th i s  p r o j e c t  ha s  t h e  broad  o b j e c t i v e  o f  deve lop ing  t r e a t m e n t s  f o r  o v e r -  

exposure  t o  t o x i c a n t s  encoun te r ed  i n  some o f  t h e  new n o n - n u c l e a r  energy  

t e c h n o l o g i e s .  N e c e s s a r i l y  a s s o c i a t e d  w i t h  t h i s  e f f o r t  i s  t h e  i d e n t i f i c a t i o n  

o f  t o x i c  a g e n t s ,  t h e i r  e f f e c t s  and t h e  mechanisms o f  t h e i r  t o x i c i t y ,  t h e  

development  of  s u i t a b l e - t e s t  models and exposure  p r o c e d u r e s ,  and t h e  s y n t h e -  

s i s  of  t h i s  i n f o r m a t i o n  i n  t h e  f o r m u l a t i o n  of  e f f e c t i v e  t r e a t m e n t  p r o c e d u r e s .  

I n i t i a l  e f f o r t s  a r e  b e i n g  d i r e c t e d  toward t h e  t o x i c  m e t a l s :  cadmium, 

vanadium, n i c k e l ,  c o b a l t ,  chromium, and a r s e n i c ,  which a r e  a s s o c i a t e d  w i t h  

c a t a l y t i c  p r o c e s s e s  used  i n  s h a l e  o i l  p r o d u c t i o n ,  and a r e  p roduc t s  o f  f o s s i l  

f u e l  combus t ion ,  g e n e r a l l y .  I n  t h e  hope of  f i n d i n g  complexing a g e n t s  com- 

b i n i n g  h i g h  s e l e c t i v i t y  f o r  m e t a l s  w i t h  low t o x i c i t y  i n  mammals, b i o l o g i c a l l y  

d e r i v e d  c h e l o n s  w i l l  be t e s t e d .  The s ide roch romes  produced by some b a c t e r i a  

c h e l a t e  s e v e r a l  m e t a l s  w i t h  a  h igh  deg ree  o f  s p e c i f i c i t y ,  t r a n s p o r t  them 

a c r o s s  b a c t e r i a l  membranes, and may be c a p a b l e  of  removing t o x i c  m e t a l s  from 

w i t h i n  c e l l s  and from t h e  c i r c u l a t o r y  sy s t em.  They have t h e  advan t age  of  

sma l l  mo lecu l a r  s i z e ,  which shou ld  make them poor  a n t i g e n s .  The t e c h n i q u e  

of  i nduc ing  organisms  t o  produce  s iderochromes  a g a i n s t  s p e c i f i c  m e t a l s  w i l l  

be i n v e s t i g a t e d .  

This  p r o j e c t  was f i r s t  funded  i n  FY 1976 and no r e p o r t a b l e  r e s u l t s  a r e  a s  

y e t  a v a i l a b l e .  S e v e r a l  c a t e c h o l - p r o d u c i n g  microorganisms  have been o b t a i n e d  

and i s o l a t i o n  o f  s i de roch romes  i s  underway. 



BLOOD IRRADIATION FOR MEDICAL APPLICATIONS 

Pe r son  i n  Charge:  F. P. Hungate 

E x t r a c o r p o r e a l  i r r a d i a t i o n  o f  b l o o d ,  u s i n g  r e p e a t e d  b r i e f  exposu re s  , has  

been shown t o  s u p p r e s s  r e j e c t i o n  of t i s s u e  t r a n s p l a n t s  and t o  i n h i b i t  p r o -  

g r e s s i o n  o f  c h r o n i c  lymphocyt ic  leukemia .  There remains a  need  t o  e s t a b l i s h  

t h e  c o n d i t i o n s  o f  dose  a d m i n i s t r a t i o n  which op t imize  t h e r a p e u t i c  e f f e c t ,  t o  

s t u d y  t h e  b a s i c  p r o c e s s e s  by which b lood  i r r a d i a t i o n  p roduces  such  e f f e c t s ,  

and t o  improve t h e  t e c h n i q u e  of  b lood  i r r a d i a t i o n  t h rough  t h e  develcpment  

of improved and p o r t a b l e  b lood  i r r a d i a t o r s .  I r r a d i a t o r s  now i n  use  a r e  

l a r g e ,  expens ive  and consequen t ly  a v a i l a b l e  t o  r e l a t i v e l y  few p a t i e n t s .  I t  

a l s o  a p p e a r s  p r o b a b l e  t h a t  con t inuous  i r r a d i a t i o n  o f  b lood  d u r i n g  c r i t i c a l  

p e r i o d s ,  w i th  lower  dose  r a t e s ,  may c o n s t i t u t e  a  more e f f e c t i v e  t r e a t m e n t .  

T e s t s  s i n c e  FY 1969 on a  number o f  p h o t o n - ,  a l p h a - ,  and b e t a - e m i t t i n g  

i s o t o p e s ,  f o r  t h e i r  a b i l i t y  t o  d e l i v e r  e f f e c t i v e  dose s  t o  b l o o d ,  have r e -  

s u l t e d  i n  t h e  c h o i c e  o f  170Tm, e n c a p s u l a t e d  i n  v i t r e o u s  ca rbon ,  as  t h e  

s o u r c e  m a t e r i a l .  The 170Tm b e t a  i r r a d i a t i o n  p a s s e s  th rough t h e  ca rbon  l a y e r  

and e f f e c t i v e l y  i r r a d i a t e s  b l o o d ;  t h e  d i r e c t  and i n d i r e c t  ( b r emss t r ah lung )  

r a d i a t i o n  i s  r e a d i l y  s h i e l d e d ;  t h e  conta inment  and b lood  i n t e r f a c e  m a t e r i a l  

i s  u n a f f e c t e d  by r a d i a t i o n  doses  i n  e x c e s s  o f  101 O r a d s  and i s  r e l a t i v e l y  

nonthrombogenic.  An a d d i t i o n a l  advantage  i s  t h e  f a c t  t h a t  i r r a d i a t i o n  u n i t s  

c an  be t o t a l l y  f a b r i c a t e d  w i t h  s t a b l e  1 6 9 ~ m ,  which i s  conve r t ed  t o  r a d i o a c -  

t i v e  170Tm by a  f i n a l  n e u t r o n  a c t i v a t i o n .  T o t a l  weight  o f  s h i e l d e d  p r o t o -  

t ype  u n i t s  i s  about  5 0 0  g .  

Cu r r en t  and p r o j e c t e d  f u t u r e  e f f o r t s  i n c l u d e :  (1)  con t inued  m a t e r i a l s  

and d e s i g n  r e s e a r c h  l e a d i n g  t o  improved p o r t a b l e  i r r a d i a t o r s ,  and t h e i r  p r e -  

c l i n i c a l  e v a l u a t i o n  i n  a n i m a l s ;  (2 )  b a s i c  hema to log i c  and immunologic s t u d -  

i e s  r e l a t i n g  t o  b lood  i r r a d i a t i o n  and i t s  e f f e c t s  on c e l l u l a r  and humoral 

immune r e s p o n s e ;  (3)  l i a i s o n  w i t h  r e g u l a t o r y  b o d i e s  t o  p r o v i d e  them wi th  i n -  

f o rma t ion  p e r t i n e n t  t o  u l t i m a t e  1 i c e n s i n g  ; and (4)  c o n t i n u e d  and expanded 

suppor t  o f ,  and c o l l a b o r a t i v e  r e s e a r c h  w i t h ,  c l i n i c a l  g roups  i n t e r e s t e d  i n  

u s i n g  b lood  i r r a d i a t i o n  as  an a d j u v a n t  i n  t h e  s u p p r e s s i o n  of t r a n s p l a n t  r e -  

j e c t i o n  and t h e  t r e a t m e n t  o f  c e r t a i n  lymphocyt ic  neoplasms .  
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DEVELOPMENT OF A PORTABLE BLOOD IRRADIATOR 

FOR MEDICAL APPLICATIONS 

I n v e s t i g a t o r s  : 

F .  P.  H u n g a t e ,  L .  R .  B u n n e l l ,  

and W .  F. Riemath 

A new d e s i g n  f o r  t h e  f u l l y  p o r t a b l e  b l o o d  i r r a d i a t o r  was 

c o m p l e t e d  a n d  f a b r i c a t i o n  methods  a r e  b e i n g  f i n a l i z e d .  I n i t i a l  

t e s t s  i n d i c a t e  t h a t  t h i s  d e s i g n  overcomes t h r o m b o g e n e s i s  p r o b -  

lems p r e v i o u s l y  e n c o u n t e r e d ;  i t s  u s e  i n  A-V s h u n t s  i s  s i g n i f i -  

c a n t l y  s i m p l i f i e d  r e l a t i v e  t o  p r e v i o u s  mode l s .  Animal d a t a  

a r e  now b e i n g  a c q u i r e d .  

A s i g n i f i c a n t  a d v a n c e  i n  c o n c e p t  
f o r  t h e  p o r t a b l e  i r r a d i a t o r  was 
a c h i e v e d  by b r i n g i n g  t o g e t h e r  1 7 0 ~ m  
a s  t h e  r a d i a t i o n  s o u r c e  and  v i t r e o u s  
c a r b o n  (VC) a s  t h e  c o n t a i n m e n t  and  
b l o o d  i n t e r f a c e  m a t e r i a l .  Very p u r e ,  
n o n r a d i o a c t i v e  169Tm203 i s  c a s t  a s  a  
t h i n  l a y e r  i n  a  c y l i n d e r  o f  p o l y m e r -  
i z e d  p o l y f u r f u r y l  a l c o h o l .  A t h i n ,  
p o u r -  t h r o u g h  l a y e r  o f  r e s i n  p r o v i d e s  
c o n t a i n m e n t  and a  v e r y  smooth b l o o d  
i n t e r f a c e ,  w h i l e  an o u t e r ,  t h i c k  
( 4  mm) l a y e r  p r o v i d e s  s t r e n g t h  and 
a d s o r p t i o n  o f  t h e  0 .96  MeV b e t a s  i n  a  
low- Z m a t e r i a l .  F o l l o w i n g  c a s t i n g  
and m a c h i n i n g  ( i f  n e e d e d )  t h e  u n i t  i s  
v i t r i f i e d  i n  a  c o n t r o l l e d  a t m o s p h e r e  
f u r n a c e .  N e u t r o n  a c t i v a t i o n  t h e n  con-  
v e r t s  t h e  1 6 9 ~ m  t o  1 7 0 ~ m .  The VC i s  
n e i t h e r  a c t i v a t e d  n o r  damaged by t h e  
h i g h  r a d i a t i o n  r e c e i v e d  d u r i n g  a c t i -  
v a t i o n  and  s u b s e q u e n t  d e c a y  o f  t h e  
1 7 0 ~ m .  The 1.29-day h a l f - l i f e  of 
1 7 0 ~ m  g i v e s  a  u s e f u l  l i f e  f o r  t h e  
u n i t s  w i t h o u t  p r e s e n t i n g  s e r i o u s  
l o n g -  t e r m  d i s p o s a l  p r o b l e m s .  

The p r i m a r y  o b j e c t i v e  o f  t h e  p a s t  
y e a r  was t o  d e s i g n  a  u n i t  which c o u l d  
b e  r e a d i l y  a d a p t e d  f o r  u s e  by c l i n i -  
c i a n s ,  and t o  o b t a i n  a n i m a l  d a t a  r e -  
l a t i n g  d a i l y  r a d i a t i o n  d o s e  t o  lympho- 
cy t e  r e s p o n s e .  

The i n i t i a l  u n i t s  were  c o n s t r u c t e d  
w i t h  a n  i n s e r t e d  t u b e  o f  0.25-mm 
t h i c k  p y r o l y t i c  c a r b o n  t h r o u g h  which  
t h e  b l o o d  f l o w e d .  These  u n i t s  h a d  
two f e a t u r e s  which a p p e a r e d  t o  be  u n -  
d e s i r a b l e  f o r  c l i n i c a l  a p p l i c a t i o n .  
F i r s t ,  a t t a c h m e n t  of  s h u n t  t u b i n g  t o  
t h e  i n s e r t  t u b e  was n o t  s u f f i c i e n t l y  
p o s i t i v e  and would r e s u l t  i n  r a d i a -  
t i o n  e x p o s u r e  i f  d i s a s s e m b l e d .  S e c -  
ond ,  t h e  t h i c k n e s s  o f  t h e  i n s e r t  t u b e  
n e c e s s i t a t e d  more 7 0 ~ m  t o  a c h i e v e  a  
g i v e n  b l o o d  d o s e ,  t h u s  r e q u i r i n g  more 
e x t e r i o r  s h i e l d i n g  t o  r e d u c e  t h e  a t -  
t e n d a n t  b r e m s s t r a h l u n g  r a d i a t i o n .  
The s e c o n d  p rob lem we hoped  t o  s o l v e  
by s u b s t i t u t i n g  a  f l o w - t h r o u g h  VC 
i n n e r  c o a t i n g  f o r  t h e  p y r o l y t i c  c a r -  
bon t u b e .  To s o l v e  t h e  f i r s t  p r o b l e m ,  



a  new c o n n e c t o r  d e s i g n  was d e v e l o p e d  human p a t i e n t s .  F i g u r e  2 7 . 2  shows 
u s i n g  t e f l o n  i n s e r t s  f i t t e d  t o  s l i d e  s u c h  a  u n i t  w i t h  s i l a s t i c  t u b i n g  of  
i n t o  an e n l a r g e d  p o r t i o n  a t  e a c h  end t h e  s h u n t  a t t a c h e d .  of  t h e  VC-Tm u n i t s .  The e n l a r g e m e n t  
was s p e c i a l l y  d r i l l e d  t o  g i v e  a  
" 1 ,  - - .  . 1 ( 7  . - To f a b r i c a t e  t h e  u n i t s  shown i n  

IRRADIATION OF BLOOD BY 2 3 8 ~ ~  ALPHA PARTICLES 
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NUCLEIC ACID COMPONENTS FROM STRONTIUM-90 

EXPOSED MINIATURE SWINE 

I n v e s t i g a t o r :  

M .  E .  F r a z i e r  

Technica l  Ass i s  t a n c e :  

T .  K .  Andrews and J .  T .  C r e s t o  

The r e v e r s e  t r a n s c r i p t a s e  a s s o c i a t e d  w i t h  p o r c i n e  type  C 

v i r u s  p a r t i c l e s  was used t o  g e n e r a t e  a  t r i t i u m - l a b e l e d  DNA 

p roduc t  complementary t o  t h e  v i r a l  RNA t e m p l a t e .  R e s u l t s  of 

n u c l e i c  a c i d  h y b r i d i z a t i o n  exper iments  i n d i c a t e  t h i s  3 H - D N A  

(probe)  was copied  from he t e ropo lymer i c  r e g i o n s  of t h e  p o r c i n e  

v i r a l  RNA. Probe p repa red  from t h i s  p o r c i n e  t ype  C v i r u s  

c o n t a i n s  sequences  t h a t  p o s s e s s  some homology i n  sequence t o  

RNA i s o l a t e d  from v i r u s e s  known t o  cause  s i m i l a r  d i s e a s e s  i n  

o t h e r  a n i m a l s .  

The methodology f o r  p r e p a r a t i o n  of  
a  3H-DNA complementary copy of an 
onco rnav i rus  RNA was d e s c r i b e d  i n  l a s t  
y e a r ' s  annual  r e p o r t .  Th i s  procedure  
i nvo lves  t h e  i s o l a t i o n  from leukemic 
c e l l s  of  t h e  f r a c t i o n  e n r i c h e d  f o r  
v i r u s  p a r t i c l e s  c o n t a i n i n g  t h e  70s 
RNA and RNA-directed DNA polymerase .  
This  f r a c t i o n  i s  used t o  g e n e r a t e  a  
3H-DNA, endogenously s y n t h e s i z e d  i n  
t h e  p re sence  of h igh  c o n c e n t r a t i o n s  
of ac t inomycin  D ( t o  i n h i b i t  h o s t  
and v i r a l  DNA-directed DNA s y n t h e s i s ) .  
The 3H-D~A i s  s u b s e q u e n t l y  p u r i f i e d ,  
u s ing  h y d r o x y a p a t i t e  and Sephadex 
chromatography.  The m a t e r i a l  i s  s e l f -  
annea led  t o  remove a l l  se l f -complemen-  
t a r y  m a t e r i a l  and t h e  r e s u l t a n t  3H-DNA 
i s  used t o  d e t e c t  complementary s e -  
quences i n  n u c l e i c  a c i d s  from a  va -  
r i e t y  of s o u r c e s .  

I n fo rma t ion  on t h e  n a t u r e  of  t h e  
complexes between a  3H-DNA complemen- 
t a r y  t o  p o r c i n e  t y p e  C v i r u s  RNA 

( P v - 3 ~ - D ~ A )  and t h e  v a r i o u s  DNA and 
RNA's was o b t a i n e d  by examining t h e  
thermal  s t a b i l i t y  of t h e  hyb r id  s t r u c  
t u r e s .  I n  t h e s e  exper iments  t h e  
PV- 3H-DNA i s  annea l ed  t o  exces s  DNA 
o r  RNA and t h e  r e s u l t a n t  h y b r i d s  
mel ted  on h y d r o x y a p a t i t e .  I n  t h i s  
sys tem,  unpa i r ed  s i n g l e  s t r a n d s  e l u t e  
w i t h  0.15 M phosphate  b u f f e r  a t  60°C, 
i m p e r f e c t l y  p a i r e d  dup lexes  d i s s o -  
c i a t e d  between 65' and 80°C, and 
p r o p e r l y  p a i r e d  dup lexes  e l u t e  above 
80°C. 

The PV- 3H-DNA p r o d u c t  was i n i t i a l l y  
checked by h y b r i d i z a t i o n  w i t h  RNA 
i s o l a t e d  from C- type  p a r t i c l e s  p r o -  
duced i n  t i s s u e  c u l t u r e s  o r i g i n a t i n g  
from leukemic swine ,  w i t h  s y n t h e t i c  
p o l y a d e n y l i c  a c i d ,  o r  a g a i n s t  RNA 
from f o u r  known oncornav i ruses  
(Table 28 .1 ) .  Under s t r i n g e n t  c o n d i -  
t i o n s  n e a r l y  85% of  t h e  3H-DNA h y b r i d -  
i z e d  t o  t h e  p o r c i n e  RNA. The mean 
e l u t i o n  t empera tu re  [Tmle) ] of t h e  



TABLE 28 . l .  H y b r i d i z a t i o n  of Po rc ine  
C-Type V i r u s  3~-DNA With RNA. 

RNA %HYBRIDIZATION >tLI0c Trnie,, OC 
-- 

AVIAN MYELOBLASTOSIS VIRUS 1.4 <65.0 

RAUSCHER LEUKEMIA VIRUS 24.1 70.9 

MOLONEY SARCOMA V I  RUS 26.1 69.5 

POLYADENYLIC ACID 

PORCINE TYPE C VIRUS 

FELINE LEUKEMIAVIRUS 15.4 71.0 

U ' "U L 0 

68 84 l m  

h y b r i d s  from h y d r o x y a p a t i t e  was 84OC, TEMPERATURE, OC 

i n d i c a t i n g  t h a t  a  p r o p e r l y  p a i r e d  
duplex  (RNA:DNA) was formed i n  t h e  FIGURE 28.1.  Me l t i ng  Curve of PV- 3 ~ -  

a n n e a l i n g  r e a c t i o n  w i t h  t h e s e  two DNA-cel lular  DNA h y b r i d s  from Hydrox- 
s p e c i e s .  S y n t h e t i c  p o l y a d e n y l i c  a c i d  y a p a t i t e .  The e x t e n t  of h y b r i d i z a -  
and a v i a n  m y e l o b l a s t o s i s  RNA h y b r i d -  t i o n  was 60-76% f o r  normal swine DNA 
i z e d  poor ly  t o  t h e  PV- 3~-DNA, i n d i c a -  and 88-90% f o r  leukemic  swine DNA. 
t i n g  t h a t  h y b r i d i z a t i o n s  due t o  l a r g e  The c e l l u l a r  D N A ' s  r e n a t u r a t i o n  was 
s t r e t c h e s  of 3H- l a b e l e d  thymidine fo l lowed  o p t i c a l l y ,  and 90% of t h e  , 
were i n s i g n i f i c a n t  . F i n a l l y ,  t h e  normal swine DNA r e a n n e a l e d  w i t h  a  
P V - 3 ~ - ~ N A  h y b r i d i z e d  t o  some deg ree  Tm(e) of  abou t  8S°C, w h i l e  a  s i m i l a r  
w i t h  s e v e r a l  mammalian onco rnav i ruses  p e r c e n t  of  t h e  leukemic swine DNA 
(Rauscher ,  Moloney, and f e l i n e  l e u k e -  r eannea l ed  w i t h  a  Tm(e) of abou t  
mia v i r u s e s ) ,  i n d i c a t i n g  some deg ree  84.3OC. 
of homology; b u t  a t  t h e  same t ime ,  
t h e  p e r c e n t  of h y b r i d i z a t i o n  ( < 2 7 % )  
and t h e  r e l a t i v e l y  low Tmle) i n d i c a t e  
a  h igh  d e g r e e  of  mismatching.  There-  
f o r e ,  w h i l e  t h e s e  o n c o r n a v i r u s e s  may 
c o n t a i n  some r e l a t e d  s equences ,  they  and t h e  complementar i ty  of  base  p a i r s .  
a r e  n o t  i d e n t i c a l  t o  t h e  p o r c i n e  S ince  t h e  s i z e  of  t h e  c e l l  D N A ' s  was 
i s o l a t e s .  s i m i l a r ,  t h e  h i g h e r  thermal  s t a b i l i t y  

of dup lexes  formed between P V - 3 ~ - D ~ A  
Using t h e  PV-3H-DNA p r o d u c t  a s  a  and DNA from leukemic  swine means t h a t  

mo lecu la r  p robe ,  we have looked a t  any one of  t h e  f o l l o w i n g  p o s s i b i l i t i e s  
t h e  DNA i s o l a t e d  from bo th  leukemic o r  combina t ions  cou ld  e x i s t :  
and nonleukemic swine t o  de t e rmine  i f  
v i r u s - r e l a t e d  sequences  were p r e s e n t  1 )  There is  a  more p r e c i s e  p a i r -  
(F igu re  28.1)  . These exper iments  i ng  of base  n u c l e o t i d e s ,  
have r e v e a l e d  a  h i g h  p e r c e n t  of  h y b r i d -  2) There i s  a  h i g h e r  G : C  c o n t e n t  
i z a t i o n  (65 -76%)  of  normal p o r c i n e  i n  t h e s e  leukemic DNA p r e p a r a -  
DNA t o  t h e  PV- 3 ~ - ~ ~ ~  p robe ,  and a  t i o n s ,  
r e l a t i v e l y  h i g h  Tm(, (%7g°C) .  While a 3 )  The leukemic c e l l s  c o n t a i n  
t h i s  i n d i c a t e s  c o n s i  e r a b l e  sequence a d d i t i o n a l  DNA sequences  n o t  
homology between t h e  p u t a t i v e  swine p r e s e n t  i n  nonleukemic c e l l s .  
leukemia v i r u s  genome and a  DNA com- 
ponent  of  normal swine ,  a  h i g h e r  While t h e  r e a s o n  f o r  t h e  i n c r e a s e d  
Tmce) ( ~ 8 4 .  S°C) was c o n s i s t e n t l y  ob- p e r c e n t  o f  h y b r i d i z a t i o n  and Tm(e) of 
t a i n e d  w i t h  DNA from leukemic swine .  t h e  PV-3~-DNA probe  t o  DNA from l e u k e -  

mic swine i s  n o t  c u r r e n t l y  known, 
The h i g h e r  Tm{,) o b t a i n e d  w i t h  DNA f u t u r e  i n v e s t i g a t i o n s  w i l l  be  d i r e c t e d  

from leukemic swine may r e p r e s e n t  i n -  a t  r e s o l v i n g  t h i s  i s s u e .  
c r e a s e d  sequence homology w i t h  t h e  
PV-3H-DNA probe .  The thermal  s t a b i l -  Based on t h e  d a t a  a v a i l a b l e  from 
i t y  of n u c l e i c  a c i d  dup lexes  depends t h i s  s t u d y  we can  make t h e  f o l l o w i n g  
on t h e i r  l e n g t h ,  base  compos i t i on ,  s t a t e m e n t s :  



1 )  The Tm(,) and p e r c e n t  h y b r i d -  
i z a t i o n s  obse rved  be tween  
PV-3H-DNA and PV-RNA i n d i c a t e  
t h a t  PV-3H-DNA i s  a  s p e c i f i c  
p robe .  

2 )  There i s  some sequence  homol: 
ogy w i t h  murine o n c o r n a v i r u s e s .  

3) The swine i s o l a t e  i s  n o t  t h e  
r e s u l t  o f  c o n t a m i n a t i o n  o r  
i n f e c t i o n  w i t h  a  murine v i r u s .  

4)  The PV-3H-DNA probe  c o n t a i n s  
a  c o n s i d e r a b l e  amount o f  
sequence  homology w i t h  normal 
swine DNA. 

RAPID-MIXING/PULSE RADIOLYSIS TECHNIOUE 

FOR FAST REACTION STUDIES 

I n v e s t i g a t o r s  : 

W .  D .  F e l i x  and L .  A .  Braby 

A r a p i d - m i x i n g / p u l s e  r a d i o l y s i s  t e chn ique  was deve loped  f o r  

t h e  s t u d y  o f  s p e c i f i c  r a d i c a l  r e a c t a n t s .  An i r r a d i a t e d  s o l u -  

t i o n  i s  r a p i d l y  d r i v e n  i n t o  a  mixing chamber and t h e  r e s u l t a n t  

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

Although c e r t a i n  r a d i c a l s  may be 
r e l a t i v e l y  s t a b l e  i n  a  g iven  e n v i r o n -  
ment, i t  i s  q u i t e  p r o b a b l e  t h a t  i n  most 
b i o l o g i c a l  sys tems  r a d i a t i o n - i n d u c e d  
r a d i c a l s  w i l l  r e a c t  w i t h i n  t h e  r ange  
of  microseconds  t o  seconds  a f t e r  expo-  
s u r e .  The s t u d y  o f  f r e e  r a d i c a l  
e f f e c t s ,  t h e r e f o r e ,  r e q u i r e s  t h e  t e c h -  
n iques  o f  f a s t  r e a c t i o n  k i n e t i c s ,  i . e . ,  
p u l s e  r a d i o l y s i s  and f l a s h  p h o t o l y s i s .  
Both of  t h e s e  t e c h n i q u e s ,  s h a r e  a  com- 
mon problem: i r r a d i a t i o n  of  a  com- 
p l e x  mix tu re  i n t r o d u c e s  a  wide r ange  
o f  r a d i c a l s  w i t h i n  t h a t  m i x t u r e ,  de -  
pendent  upon t h e  complex i ty  of  t h e  
i n i t i a l  sys tem.  An e f f e c t i v e  k i n e t i c  
s t u d y  of p e r t i n e n t  r e a c t i o n s  can  on ly  
be made i f  s p e c i f i c  r e a c t i o n s  can  b e  
i d e n t i f i e d  and t h e  r e a c t a n t s  o r  p r o -  
d u c t s  of  t h e s e  r e a c t i o n s  fo l l owed  
d i r e c t l y .  

To c i r cumven t  t h i s  problem we have 
deve loped  a  method t o  s e l e c t i v e l y  f o l -  
low t h e  r e a c t i o n s  of  a  s p e c i f i c  r a d -  
i c a l  w i t h  a  known m i x t u r e  of  compounds. 
I n  t h i s  t e c h n i q u e ,  which combines 
r a p i d - m i x i n g  and p u l s e  r a d i o l y s i s  
t e c h n i q u e s ,  a n  i r r a d i a t e d  s o l u t i o n  i s  
r a p i d l y  d r i v e n  i n t o  a  mix ing  chamber 
where t h e  r a d i c a l s  r e a c t  w i t h  a  sub -  
s t r a t e  of  i n t e r e s t .  Th i s  m i x t u r e  i s  
t h e n  d r i v e n  i n t o  a  chamber where f l ow  
i s  s t opped  and p r o d u c t s  o f  t h e  r e a c -  
t i o n ,  o r  t h e  r e a c t a n t s  t hemse lves ,  a r e  
observed  s p e c t r o p h o t o m e t r i c a l l y .  The 
sys tem,  a s  shown i n  F i g u r e  28 .2 ,  con-  
s i s t s  of a  mod i f i ed  Durham f a s t - m i x i n g  
assembly ,  1 /4 -me te r  monochromator,  
u l t r a v i o l e t  spec t ropho tome te r  , h i g h -  
i n t e n s i t y  lamp, and a  Van de  Graaf 
a c c e l e r a t o r  a s  t h e  r a d i a t i o n  s o u r c e .  
The o r i g i n a l  Durham f a s t - m i x i n g  u n i t  
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was modi f ied  by r ep l acemen t  of pneu- 
ma t i c  v a l v e s  w i t h  f a s t e r  a c t i n g  v a l v e s ,  
and by rep lacement  of t h e  e l e c t r o n i c  
system t o  a l l o w  c o n t r o l  of t h e  d r i v e  
r e sponse  a s  a  f u n c t i o n  of  t h e  a c c e l e r -  
a t o r  p u l s e .  A v a i l a b i l i t y  o f  s t a b l e  
DC components a l lowed t h e  u s e  o f  a  
ba l anced  p h o t o m u l t i p l i e r  sys tem w i t h -  
o u t  t h e  i n t e r j e c t i o n  of  a  r o t a t i n g  
s e c t o r  o r  o t h e r  AC conve r s ion  d e v i c e .  
Because of  t h e  s t a b i l i t y  of t h e  DC 
e l e c t r o n i c s  and t h e  w e l l  matched 
l i g h t  p a t h s ,  t h e  n u l l e d  r e sponse  from 
t h e  ba l anced  p h o t o m u l t i p l i e r  t u b e s  
showed s i g n i f i c a n t  r e d u c t i o n  of n o i s e  
a s s o c i a t e d  w i t h  t h e  l i g h t  s o u r c e .  

T e s t s  u s i n g  f l a s h - p h o t o l y z e d  dye 
s o l u t i o n s  have shown t h a t  f r e e  r a d -  
i c a l s  may be examined when t h e i r  l i f e -  
t imes  a r e  g r e a t e r  t h a n  a  few m i l l i -  
s e conds .  Th i s  l i m i t a t i o n  i s  d e t e r -  
mined by t h e  speed  of t h e  pneumatic  
d r i v e  sys tem.  F a s t e r  speeds  shou ld  
undoubtedly  be o b t a i n e d  w i t h  t h e  a d d i -  
t i o n  of  f a s t e r  v a l v e  a s s e m b l i e s  and 
r e d u c t i o n  of t h e  l i q u i d  p a t h  l e n g t h  
p r i o r  t o  mixing .  

FIGURE 2 8 . 2 .  Schemat ic  Drawing of  
Fas t -Mixing  P u l s e  R a d i o l y s i s  System. 



DAMAGE TO PHOSPHOLIPID MEMBRANES BY ATTACK 

OF RADIATION-INDUCED FREE RADICALS 

I n v e s t i g a t o r :  

D .  R .  Kalkwarf 
( a )  

S p h e r i c a l  v e s i c l e s ,  bounded by a  s i n g l e  p h o s p h o l i p i d  b i l a y e r  

and c o n t a i n i n g  a n  aqueous s o l u t i o n  o f  chromophore,  were used  

a s  model sys tems  t o  a s s e s s  t h e  s e n s i t i v i t y  o f  cel l -membrane 

components t o  f r e e - r a d i c a l  a t t a c k .  V e s i c l e s  p r e p a r e d  from 

e i t h e r  s t e a r o y l  sph ingomyel in  o r  d i p a l m i t o y l  p h o s p h a t i d y l c h o l i n e  

were l y s e d  by r a d i c a l s  d e r i v e d  from i r r a d i a t e d  g a l a c t o s e .  The 

d a t a  s u g g e s t  t h a t  p h o s p h o l i p i d  components o f  membranes could  

be s e n s i t i v e  s i t e s  f o r  r a d i a t i o n  damage. 

Membrane damage would appea r  t o  be 
a  p a r t i c u l a r l y  e f f e c t i v e  mechanism 
f o r  a m p l i f y i n g  r a d i o b i o l o g i c a l  e f -  
f e c t s .  I n  p a s t  y e a r s  we have used 
washed s u s p e n s i o n s  o f  mammalian 
e r y t h r o c y t e s  a s  model sys tems  t o  g a i n  
i n s i g h t  i n t o  t h e  g e n e r a l  problem of  
f r e e - r a d i c a l  a t t a c k  on l i v i n g - c e l l  
membranes. I n  o r d e r  t o  s e p a r a t e  dam- 
age  caused  by r a d i c a l s  from o t h e r  
r a d i a t i o n  e f f e c t s ,  a  t e chn ique  was 
deve loped  t o  expose e r y t h r o c y t e  s u r  - 
f a c e s  t o  r a d i a t i o n - i n d u c e d  r a d i c a l s  
o u t s i d e  o f  t h e  r a d i a t i o n  f i e l d .  The 
r a d i c a l s  were formed by gamma i r r a d i a -  
t i o n  of  pu re  b iochemica l  c r y s t a l s ,  
a s sayed  by e l e c t r o n  s p i n  r e sonance  
measurements and t h e n  r e l e a s e d  i n t o  
t he  e r y t h r o c y t e  s u s p e n s i o n s  by d i s s o -  
l u t i o n  of t he  c r y s t a l l i n e  m a t r i x .  
R a d i c a l s  d e r i v e d  from i r r a d i a t e d  
g a l a c t o s e ,  l a c t o s e  and s e r i n e  were 
found t o  l y s e  t h e  c e l l s ,  whereas 
r a d i c a l s  d e r i v e d  from i r r a d i a t e d  
g l u c o s e ,  g l y c i n e  and a l a n i n e  were 
w i t h o u t  e f f e c t  a t  s i m i l a r  
c o n c e n t r a t i o n s .  

The same t echn ique  has  now been 
used  t o  i n v e s t i g a t e  t h e  s e n s i t i v i t y  
of  i n d i v i d u a l  membrane components t o  
r a d i c a l  a t t a c k .  Phospho l ip id s  a r e  
major  c o n s t i t u e n t s  o f  most living-cell 
membranes and compr ise  20 w t %  o f  t h e  
e r y t h r o c y t e  g h o s t .  Two o f  t h e s e ,  
s t e a r o y l  sph ingomyel in  and d i p a l m i t o y l  
p h o s p h a t i d y l c h o l i n e ,  were t e s t e d .  
Using t h e  method o f  Huang and 
Thompson, each  of  t h e s e  compounds was 

formed i n t o  s u s p e n s i o n s  of  s  h e r i c a l  
v e s i c l e s ,  app rox ima te ly  200 1 i n  d i a -  
me te r  and bounded by a  s i n g l e  phospho- 
l i p i d  b i l a y e r  t o  s i m u l a t e  t h e i r  a r -  
rangement i n  l i v i n g - c e l l  membranes. 
This  p rocedu re  i nvo lved  p r e p a r a t i o n  
o f  aqueous emuls ions  o f  t h e  pu re  
p h o s p h o l i p i d s ,  s o n i c a t i o n  a t  70°C t o  
c r e a t e  t h e  v e s i c l e s ,  and s e p a r a t i o n  
of  t h e  s i n g l e - b i l a y e r  v e s i c l e s  from 
m u l t i l a y e r e d  l iposomes  and e x t e r n a l  
s o l u t e s  by g e l  chromatography on 
Sepharose  4 B .  During s o n i c a t i o n ,  t h e  
i n t e r n a l  volume o f  each  v e s i c l e  was 
l oaded  w i t h  1 . 8  x  M N-2, 
4 - d i n i  t r opheny lg lyc  i n e  (DNP-glycine) 
t o  i n d i c a t e  changes i n  p e r m e a b i l i t y  
o f  t h e  v e s i c l e s ,  Both t h i s  i n t e r n a l  
s o l u t i o n  and t h e  s o l u t i o n  o u t s i d e  t h e  
v e s i c l e s  was b u f f e r e d  a t  pH 7 . 4  w i t h  
p = 0 . 1  M phospha t e .  

V e s i c l e s  were exposed t o  g a l a c t o s e  
r a d i c a l s  by r a p i d  d i s s o l u t i o n  of  i r r a -  
d i a t e d  g a l a c t o s e  c r y s t a l s  i n  t h e  
aqueous s u s p e n s i o n s .  S i m i l a r  s u s p e n -  
s i o n s  were exposed t o  n o n i r r a d i a t e d  
c r y s t a l s  o f  g a l a c t o s e  a s  c o n t r o l s .  
P e r i o d i c a l l y ,  t h e  r e l e a s e  of  DNP- 
g l y c i n e  was de te rmined  by p a s s i n g  a  
sample of  each  s u s p e n s i o n  through a  
g e l  chromatographic  column of  Sephadex 
G-25 and a n a l y z i n g  t h e  e f f l u e n t  w i t h  
a  W - m o n i t o r  s e t  a t  360 nm. 
F i g u r e  28.3 shows t h e  r e s u l t s  o f  such 
a s s a y s .  I n t a c t  v e s i c l e s  pa s sed  r a p -  
i d l y  th rough t h e  v o i d s  i n  t h e  column 
and appea red  f i r s t  i n  t h e  e f f l u e n t .  
DNP-glycine appeared  l a t e r  and was 

( a )  Phys i c s  6 I n s t r u m e n t a t i o n  Dept .  



FIGURE 28.3. S e p a r a t i o n  of DNP- 
G lyc ine  from S ~ h i n e o m v e l i n  V e s i c l e s  
~ x p o s e d  t o  e i t h e r  50 mg o f  Irrad!? 
a t e d  G a l a c t o s e  Con ta in ing  5 x  10 
R a d i c a l s  (-) o r  a n  Equal Q u a n t i t y  
of  U n i r r a d i a t e d  G a l a c t o s e  ( - - - - ) .  

v e s i c l e s .  Th i s  q u a n t i t y  r e p r e s e n t e d  
e s s e n t i a l l y  a l l  of  t h e  d i n i t r o p h e n y l -  
g l y c i n e  i n  t h e  sample s i n c e  t h e  
v e s i c l e s  occup ied  o n l y  a  s m a l l  f r a c -  
t i o n  of  t h e  s u s p e n s i o n ' s  volume. 

DNP-glycine was r e l e a s e d  much more 
r a p i d l y  from v e s i c l e s  exposed t o  
r a d i c a l s .  Data t a k e n  24 hou r s  a f t e r  
exposure  ( F i g u r e  28.3)  i n d i c a t e  t h a t  
39% o f  t h e  DNP-glycine was r e l e a s e d  
from s t e a r o y l  sph ingomye l in  v e s i c l e s  
exposed t o  5 x  1017  g a l a c t o s e  r a d i c a l s ,  
w h i l e  o n l y  3% o f  t h e  DNP-glycine was 
r e l e a s e d  i n  t h e  c o n t r o l  s u s p e n s i o n .  

I, S i m i l a r  r e s u l t s  were o b t a i n e d  w i t h  
v e s i c l e s  p r e p a r e d  from d i p a l m i t o y l  
p h o s p h a t i d y l c h o l i n e .  

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  
p h o s p h o l i p i d s  t e s t e d  t h u s  f a r  c o n t a i n  
o n l y  s a t u r a t e d  f a t t y  a c i d  r e s i d u e s .  
P h o s p h o l i p i d s  c o n t a i n i n g  u n s a t u r a t e d  
r e s i d u e s  would be e x p e c t e d  t o  be even 
more r e a c t i v e .  I n  o r d e r  t o  o b t a i n  a  
q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e s e  r e -  
a c t i v i t i e s ,  however, f a c t o r s  such  a s  

w e l l  s e p a r a t e d  from t h e  f i r s t  peak .  v e s i c l e / r a d i c a l  r a t i o  and t h e  k i n e t i c s  
T o t a l  DNP-glycine i n  each  suspens ion  of  DNP-glycine r e l e a s e  must be ana -  
was e v a l u a t e d  by r e s o n i c a t i n g  t h e  l yzed  i n  more d e t a i l .  When t h a t  i s  
v e s i c l e s  i n  f r e s h  b u f f e r ,  r e p a s s i n g  accompl i shed ,  a  method may be  a v a i l -  
them th rough  t h e  g e l  ch roma tog raph ic  a b l e  f o r  c l e a r l y  i d e n t i f y i n g  r a d i c a l -  
column and measur ing  t h e  amount of  s e n s i t i v e  s i t e s  on membranes and 
d i n i t r o p h e n y l g l y c i n e  o u t s i d e  t h e  t h o s e  r a d i c a l s  most  c a p a b l e  of  c a u s -  

i n g  damage. 



RADIATION-INDUCED CELL DAMAGE 

I n v e s t i g a t o r s :  

W .  D .  F e l i x  and M .  H .  Schneiderman 

The a d d i t i o n  of  i r r a d i a t e d  c r y s t a l s  o f  g a l a c t o s e  t o  Chinese  

hamster  ovary  c e l l s  r e s u l t e d  i n  m i t o t i c  d e l a y ,  whereas exposure  

t o  n o n i r r a d i a t e d  c r y s t a l s  r e s u l t e d  i n  no d e t e c t a b l e  d e l a y .  The 

i n f e r e n c e  from t h i s  p r e l i m i n a r y  d a t a  i s  t h a t  f r e e  r a d i c a l s  o r  

o t h e r  t r a n s i e n t  i r r a d i a t i o n  p r o d u c t s  have r e a c t e d  w i t h  e x t e r n a l  

c e l l u l a r  components .  

P r ev ious  annua l  r e p o r t s  have d e -  
s c r i b e d  o u r  s t u d i e s  of f r e e  r a d i c a l  
damage t o  model b iochemica l  sys tems  
i n  which s o l i d  i r r a d i a t e d  c r y s t a l l i n e  
m a t e r i a l  was used  a s  a  medium f o r  
damage i n d u c t i o n .  We have now ex-  
tended  t h e s e  s t u d i e s  t o  t h e  i n v e s t i g a -  
t i o n  of  f r e e  r a d i c a l  damage t o  Chinese  
hamster  ovary  (CHO) c e l l s .  Th i s  c e l -  
l u l a r  sys tem i s  of  p a r t i c u l a r  i n t e r e s t  
f o r  u s e  w i t h  i r r a d i a t e d  c r y s t a l s  
s i n c e  i t  i s  known t h a t  v e r y  sma l l  
dose s  from c o n v e n t i o n a l  r a d i a t i o n  
s o u r c e s  d e l a y  p r o g r e s s i o n  i n t o  m i t o s i s  
from t h e  G 2  phase .  Th i s  m i t o t i c  behav-  
i o r  of  CHO c e l l s  i s  r e a d i l y  e v a l u a t e d  
and t h e r e f o r e  p r o v i d e s  a  v e r y  s e n s i -  
t i v e  and p r e c i s e  measure o f  c e l l u l a r  
d e l a y .  

C e l l s  grown a s  a  monolayer i n  
75-cm s q u a r e  p l a s t i c  d i s h e s  were me- 
c h a n i c a l l y  shaken  and t h e  c e l l s  e n t e r -  
i n g  t h e  l a t e  metaphase were washed 
o f f .  Repeated shak ing  a t  10-min i n t e r -  
v a l s  r e s u l t e d  i n  a  r e p r o d u c i b l e  r e -  
l e a s e  r a t e  of  m i t o t i c  c e l l s .  Known 
amounts of  i r r a d i a t e d  g a l a c t o s e  c r y s -  
t a l s  were r e l e a s e d  i n t o  t h e  f l a s k s  v i a  
a n  a i r  s t r e a m .  The amounts added t o  

t h i s  monolayer of CHO c e l l s  were s u f -  
f i c i e n t  t o  make t h e  s u r r o u n d i n g  media 
s l i g h t l y  h y p e r t o n i c .  H y p e r t o n i c i t y  
was c o r r e c t e d  s h o r t l y  a f t e r  d i s s o l u -  
t i o n  of  t h e  c r y s t a l s  by d i l u t i o n  and 
washing .  Subsequent  m i t o t i c  d e l a y  
was de t e rmined  a s  a  f u n c t i o n  of  t h e  
c e l l  y i e l d  i n  t h e  wash ings .  A modi- 
f i e d  C o u l t e r  c o u n t e r  was used  t o  make 
a l l  c e l l  c o u n t s .  

Con t ro l  exposures  were made u s i n g  
s i m i l a r  we igh t s  of  u n i r r a d i a t e d  g a -  
l a c t o s e  and t h e  f r e e z e - d r i e d  r e s i d u e  
from a n  aqueous s o l u t i o n  of  i r r a d i -  
a t e d  g a l a c t o s e .  Ne i the r  o f  t h e  con-  
t r o l  exposu re s  r e s u l t e d  i n  m i t o t i c  
d e l a y ,  whereas exposure  t o  i r r a d i a t e d  
c r y s t a l s  r e s u l t e d  i n  measurab le  d e l a y .  
The i m p l i c a t i o n  i s  t h a t  f r e e  r a d i c a l s  
o r  o t h e r  a c t i v e  t r a n s i e n t  i r r a d i a t i o n  
p r o d u c t s ,  such  a s  p e r o x i d e s ,  a r e  r e -  
a c t i n g  w i t h  e x t e r n a l  c e l l u l a r  compo- 
n e n t s  w i t h  r e s u l t a n t  m i t o t i c  d e l a y .  
However, t h i s  c o n c l u s i o n  i s  based  on 
r e s u l t s  from p r e l i m i n a r y  e x p e r i m e n t s .  
For  f u t u r e  e x p e r i m e n t s ,  t h e  d e l i v e r y  
sys tem w i l l  be improved t o  g u a r a n t e e  
a  more un i form d i s p e r s i o n  of  c r y s t a l s .  



INTERACTION OF FOSSIL-FUEL-DERIVED TOXIC 

METALS WITH BIOLOGICAL MEMBRANES 

P e r s o n  i n  C h a r g e :  R .  P.  S c h n e i d e r  

The i o n i c  fo rms  o f  most  t o x i c  m e t a l s  p e n e t r a t e  c e l l  membranes s l o w l y  a n d  i t  

seems l i k e l y  t h a t  t h e i r  p r i m a r y  e f f e c t s  a r e  e x e r t e d  a t  t h e  membrane l e v e l .  I n -  

f o r m a t i o n  on t h e  i n t e r a c t i o n  o f  m e t a l s  w i t h  membrane f u n c t i o n s  may t h e r e f o r e  

be  e x p e c t e d  t o  a i d  i n  p r e d i c t i n g  p o t e n t i a l  e f f e c t s  o f  t r a c e  m e t a l s  f rom f o s s i l -  

f  ue 1 combust  i o n .  

R e s e a r c h  b e i n g  c o n d u c t e d  u n d e r  t h i s  p r o j e c t  c e n t e r s  a r o u n d  f o u r  f u n c t i o n s  o f  

c e l l  membranes which  may be l i n k e d  t o  p o s s i b l e  mechanisms o f  t r a c e  m e t a l  p a t h o -  

g e n e s i s .  These  f u n c t i o n s  and t h e  a p p r o a c h e s  we a r e  u s i n g  t o  s t u d y  them a r e  

c o n s i d e r e d  be low.  

Immune s u r v e i l l a n c e  o f  c a n c e r o u s  c e l l s  may p l a y  an  i m p o r t a n t  r o l e  i n  m e t a l  

c a r c i n o g e n e s i s .  Lymphocyte f u n c t i o n s  i m p o r t a n t  i n  t h e  d e t e c t i o n  and  k i l l i n g  of 

f o r e i g n  c e l l s  a r e  known t o  be  a f f e c t e d  by h e a v y  m e t a l s .  To examine t h e s e  p r o -  

c e s s e s  we a r e  s t u d y i n g  t h e  s y n t h e s i s  and d i s t r i b u t i o n  o f  dog lymphocy te  mem- 

b r a n e  m a r k e r s  which b i n d  a n t i - c a n i n e  IgG,  a s  w e l l  a s  t h e  c h a n g e s  i n  t h e s e  mark-  

e r s  which  may o c c u r  a s  a  r e s u l t  o f  a n t i g e n  a n d / o r  m e t a l  b i n d i n g .  

Membranes may b e  d i r e c t l y  i n v o l v e d  i n  r e g u l a t i o n  o f  c e l l  g r o w t h  and d i v i -  

s i o n  b y  s e n s i n g  c e l l - c e l l  c o n t a c t  and  r e l a y i n g  t h i s  i n f o r m a t i o n  t o  t h e  n u c l e u s .  

We a r e  e x a m i n i n g  t h e  r o l e  o f  t h e  membrane i n  t h e s e  p r o c e s s e s  u s i n g  c u l t u r e d  

g l i a l  ( b r a i n )  c e l l s ,  which s i m u l t a n e o u s l y  s t o p  c e l l  d i v i s i o n  and  s y n t h e s i z e  a 

s p e c i f i c  p r o t e i n  (S -  100 p r o t e i n )  . 
C o n t r o l  of c e l l  a c t i v i t y  and d i v i s i o n  i s ,  t o  a  l a r g e  e x t e n t ,  d e p e n d e n t  on 

t h e  t r a n s m i s s i o n  o f  i n f o r m a t i o n  c o n t a i n e d  i n  e x t e r n a l  impermeant  s i g n a l  mole -  

c u l e s  t h r o u g h  t h e  c e l l  membrane t o  t h e  n u c l e u s .  The i n d u c t i o n  of e x o c e l l u l a r  

p r o t e a s e  s y n t h e s i s  by e x t e r n a l  p r o t e i n  i n d u c e r s  i n  N e u r o s p o r a  c r a s s a  i s  b e i n g  

s t u d i e d  a s  a  model s y s t e m .  

The e n v e l o p e  o f  RNA tumor v i r u s e s  i s  d e r i v e d ,  i n  p a r t ,  f rom t h e  h o s t  c e l l  

membrane. The ATPase of a v i a n  m y e l o b l a s t o s i s  v i r u s  i s  b e i n g  u s e d  a s  a  m a r k e r  

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

c o n t r o l  o v e r  h o s t  c e l l  membrane c o m p o s i t i o n .  



I n c r - c a s e d  u n d c r s t : ~ r l d i ~ i g  o r  t l le  b i o c h c m i c n l  b a s i s  ol '  met rl l  t o s i c i  t y  w i l l  p r o -  

v i d c  a  r a t i o n a l  h a s i s  f o r  I ) r c d i c t i n p ,  c f  r c c t s ,  and i n i l u e n c e  t l i c  d e s i g n  o f  e x -  

~ ~ c r i ~ n e n t s  t o  a s s c s s  r i s k .  S i n c e  t h e  c f f c c t s  b e i n g  examined  a r c  prirurlry e f -  

f e c t s  o c c u r r i n g  on t l l c  1 )e r i l ) l l c ry  of  t i l e  c e l  L ,  t h e y  may p r o v i d e  c r i t i c a l  i n f o r -  

1113tion S o r  t h e  d c t e c t i o l l  ,311d e a r l y  treatment o f  c a n c e r .  
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n i t r o g e n  and s u l f u r - m e t a b o l i t e  r e -  
p r e s s i o n .  A r c h .  Biochem.  B i o p h y s .  
1 6 9 ,  3 2 4 - 3 3 0 .  - 

U r u c k e r ,  H .  R e g u l a t i o n  o f  e x c e l l u l a r  
p r o t e a s e s  i n  N e u r o s p o r a  c r a s s a :  
" A c t i v a t i o n "  o f  c e l l s  i n m n d u c -  
t i o n  p r o c e s s  b y  t h e r m o l y s i n .  
J .  B a c t e r i o l .  ( I n  P r e s s )  

Cohen ,  B .  L .  a n d  H .  D r u c k e r .  R e g u l a -  
t i o n  o f  e x t r a c e l l u l a r  p r o t e a s e s  o f  
N e u r o s p o r a  c r a s s a :  ~ e p r e s s i o n  o f  n i -  
t r o g e n  m e t a b o l i t e s  a n d  i n d u c t i o n  b y  
a  c e l l - f r e e  e x t r a c t .  J .  B a c t e r i o l :  
( I n  P r e s s )  



SYNTHESIS OF SlOO PROTEIN IN GLIAL CELLS 

SELECTION OF A CONTACT-SENSITIVE C E L L  LINE 

I n v e s t i g a t o r s  : 

R .  G .  Rupp and W .  R .  Wiley 

Techn ica l  A s s i s t a n c e  : 

L .  S.  Winn 

A c o n t a c t - s e n s i t i v e  l i n e  o f  C 6  g l i a l  c e l l s  was o b t a i n e d  by 

t r e a t m e n t  w i t h  FUdR. These C6F c e l l s  have a  s a t u r a t i o n  den- 

s i t y  h a l f  t h a t  of t h e  C6  c e l l s .  The c o n f l u e n t  d e n s i t y  i s  ob- 

t a i n e d  w i t h  d a i l y  medium changes and i s  t h e r e f o r e  n o t  due t o  

subop t ima l  medium c o n d i t i o n s .  

As c u l t u r e s  of growing mammalian 
c e l l s  r e a c h  a  h i g h  d e n s i t y ,  t h e i r  
growth r a t e  d e c r e a s e s .  T h i s  d e c r e a s e  
i n  c e l l u l a r  p r o l i f e r a t i o n  r e q u i r e s  
c e l l - c e l l  c o n t a c t  and ,  p e r h a p s ,  t h e  
p r e sence  o r  absence  o f  c e r t a i n  s o l -  
ub le  f a c t o r s  i n  t h e  medium. T h i s  de-  
c r e a s e d  growth phenomenon has  been 
termed " c o n t a c t  i n h i b i t i o n "  o r ,  p e r -  
haps more a c c u r a t e l y ,  " d e n s i t y -  
dependent  i n h i b i t i o n "  of g rowth .  

Biochemical  e v e n t s  s p e c i f i c  t o  
d e n s i t y -  i n h i b i t e d  c e l l s  a r e  of i n t e r -  
e s t  because  c a n c e r  may be caused ,  i n  
p a r t ,  by a  l o s s  of t h i s  d e n s i t y -  
dependent  c o n t r o l .  I n  1970 .  P f e i f  f e r  
e t *  31. ( J .  C e l l  P h y s i o l .  75; 329-340, 
1970) r e p o r t e d  t h a t  c u l t u z d  r a t  
g l i a i  c e i l s  (C6 c e l l s )  produced i n -  
c r e a s e d  amounts of  SlOO p r o t e i n ,  a  
n e r v o u s - s y s t e m - s p e c i f i c  p r o t e i n ,  d u r -  
i n g  d e n s i t y -  dependent  i n h i b i t i o n  of 
growth.  Th i s  p r o t e i n  was produced a t  
much lower r a t e s  by e x p o n e n t i a l l y  
growing c e l l s .  Our l a b o r a t o r y  i s  i n -  
v e s t i g a t i n g  t h e  e f f e c t  o f  d e n s i t y -  
dependent  i n h i b i t i o n  of growth on 
macromolecular  s y n t h e s i s ,  i n  p a r t i c u -  
l a r  on t h e  s y n t h e s i s  o f  SlOO p r o t e i n .  

The b a s i c  q u e s t i o n  t o  be answered i s :  
What e v e n t ( s )  o c c u r  i n  t h e  c e l l  mem- 
b rane  due t o  c e l l - c e l l  c o n t a c t  t o  e f -  
f e c t  t h e  i n c r e a s e  i n  SlOO p r o t e i n  
s y n t h e s i s ?  

Our d a t a  r a i s e  q u e s t i o n s  about  t h e  
c o n d i t i o n s  of c e l l  c u l t u r e  under  
which P f e i f f e r  e t  a l .  o b t a i n e d  t h e  ob- 
s e r v e d  SlOO p r o t e i n  s y n t h e s i s .  We 
have found  t h a t  t h e  c o n f l u e n t  c e l l  
d e n s i t y  ( t h a t  a t  which c e l l - c e l l  con- 
t a c t  i s  maximal) v a r i e s  w i t h  t h e  num- 
b e r  of medium changes .  F igu re  29 .1  
shows t h a t  w i t h  d a i l y  medium changes ,  
c e l l s  r e a c h  a  d e n s i t y  of 
1 . 5  x  l o 8  c e l l s / f l a s k .  T h i s  i s  e i g h t  
t imes  t h e  c e l l  d e n s i t y  r e p o r t e d  by 
P f e i f f e r  e t  a l . ,  u s i n g  t h e  same c u l -  
t u r e  c o n d i t i o n s  excep t  f o r  t h e  f r e -  
quen t  medium changes .  Fu r the rmore ,  
c e l l s  neve r  c o m p l e t e l y  c e a s e  d i v i d i n g  
i n  o r d e r  t o  f i l l  up s p a c e s  v a c a t e d  by 
c e l l s  d e t a c h i n g  from t h e  f l a s k .  The 
graph  a l s o  shows t h a t ,  c o n f r o n t e d  by 
i n f r e q u e n t  medium changes ,  c e l l s  c an  
be made t o  e x h i b i t  a p p a r e n t  s t a t e s  of 
dens i t y -dependen t  i n h i b i t i o n .  



DAYS AFTER PLATING 

FIGURE 29.1.  Growth o f  C 6  C e l l s  
unde r  Var ious  Medium-Changing 
Regimens. (0-0) D a i l y  changes ; 
(m-m) changes e v e r y  t h i r d  d a y ;  
(A.  . . A )  d a i l y  changes beg inn ing  on 
t h e  t e n t h  day ;  ( 0 - - - 0  ) no changes .  

From t h e s e  expe r imen t s  i t  i s  appa r  
e n t  t h a t  a  deg ree  o f  c a u t i o n  is r e -  
q u i r e d  when a t t r i b u t i n g  b iochemica l  
e v e n t s  t o  c e l l -  c e l l  c o n t a c t ;  t h e s e  
e v e n t s  may a c t u a l l y  be due t o  s u b -  
o p t i m a l  medium c o n d i t i o n s .  I n  o r d e r  
t o  c i rcumvent  t h i s  problem we have 
a t t e m p t e d  t o  s e l e c t  f o r  a  p o p u l a t i o n  
of  C 6  c e l l s  t h a t  e x h i b i t s  d e n s i t y -  
dependent  i n h i b i t i o n  of growth due t o  
c e l l - c e l l  c o n t a c t  under  o p t i m a l  me- 
dium c o n d i t i o n s ,  i . e .  c o n t a c t - s e n s i -  
t i v e  c e l l s .  E x p o n e n t i a l l y  growing 
C6  c e l l s  were t r e a t e d  w i t h  f l u o r o -  
d e o x y u r i d i n e  (FUdR) which k i l l s  a c -  
t i v e l y  d i v i d i n g  c e l l s .  Those c e l l s  

n o t  d i v i d i n g  because  of c e l l - c e l l  con- 
t a c t  would be u n a f f e c t e d  by t h e  d rug .  
A f t e r  t h r e e ,  t h r e e -  day exposu re s  t o  
FUdR t h e  c e l l s  were c l o n e d .  Of t h e  
e i g h t  c l o n e s  o b t a i n e d ,  one e x h i b i t e d  
t h e  c h a r a c t e r i s t i c s  o f  c o n t a c t  s e n s i -  
t i v i t y .  F i g u r e  29.2 shows t h a t  t h e s e  
c e l l s ,  d e s i g n a t e d  C6F, grow t o  con-  
f l u e n t  d e n s i t y  o f  abou t  
7 x  l o 7  c e l l s / f l a s k  w i t h  d a i l y  me- 
dium changes.  Th i s  maximum popu la -  
t i o n  i s  50% o f  t h e  number of  C6  c e l l s  
o b t a i n e d  under  t h e  same c o n d i t i o n s .  
I n  a d d i t i o n ,  l a b e l i n g  i ndex  e x p e r i -  
ments i n d i c a t e  t h a t  t h e  C6F c e l l s  ap-  
p a r e n t l y  s t opped  d i v i d i n g  more com- 
p l e t e l y  a t  con f luency  t han  do t h e  C 6  
c e l l s .  The l a b e l i n g  i ndex  a f t e r  a  
20-minute p u l s e  w i t h  3 ~ - ~ d ~  was 5 - 6 %  
i n  t h e  C 6  c e l l s  and 0 - 1 %  i n  t h e  C6F 
c e l l s .  

DAYS AFTER PLAT1 NG 

FIGURE 29 .2 .  Growth of  C 6  and C6F 
* 

C e l l s  w i t h  D a i l y  Medium Changes. 
(*-a) C 6  c e l l s ;  ( 0 - - - 0 )  C6F c e l l s .  



The c e l l s  a r e  n o t  m e r e l y  FUdR- 
r e s i s t a n t  c e l l s  b e c a u s e  we h a v e  shown 
them t o  b e  a s  s e n s i t i v e  t o  FUdR a s  
a r e  t h e  C 6  c e l l s .  

The C6F c e l l s  a r e  more f l a t t e n e d  
a n d  somewhat l a r g e r  t h a n  t h e  C 6  c e l l s .  
I n  a d d i t i o n ,  a  s m a l l  number o f  l a r g e ,  
f l a t t e n e d  c e l l s  c a n  b e  s e e n  i n  t h e  

C 6  c u l t u r e s .  T h i s  may i n d i c a t e  t h a t  
t h e  FUdR t r e a t m e n t s  o f  t h e  C 6  c e l l s  
h a v e  s e l e c t e d  f o r  a  p o p u l a t i o n  o f  
c e l l s  w i t h i n  t h e  C 6  c u l t u r e .  

Changes i n  m a c r o m o l e c u l a r  ( p a r t i c u -  
l a r l y  SlOO p r o t e i n )  s y n t h e s i s  which  
o c c u r  a s  a  r e s u l t  o f  c o n t a c t  s e n s i -  
t i v i t y  w i l l  be  s t u d i e d  i n  t h e  C6F 
c e l l s .  

SYNTHESIS OF SlOO PROTEIN IN GLIAL CELLS: PURIFICATION 

OF BEEF BRAIN SlOO PROTEIN FOR IMhTUNOLOGICAL STUDIES 

I n v e s t i g a t o r s  : 

R .  G .  Rupp, J .  E. M o r r i s ,  a n d  W .  R .  Wi ley  

T e c h n i c a l  A s s i s t a n c e :  

L .  S .  Winn 

A r a p i d  method f o r  e x t r a c t i n g  e l e c t r o p h o r e t i c a l l y  p u r e  

SlOO p r o t e i n  f r o m  b e e f  b r a i n s  i s  d e s c r i b e d .  

Methods p r e v i o u s l y  employed i n  
o t h e r  l a b o r a t o r i e s  t o  e x t r a c t  SlOO 
p r o t e i n  f rom b e e f  b r a i n s  y i e l d  a  h e t -  
e r o g e n e o u s  p o p u l a t i o n  o f  p r o t e i n s  a s  
j u d g e d  b y  p o l y a c r y l a m i d e  e l e c t r o -  
p h o r e s i s .  The methods  a r e  a l s o  t i m e -  
consuming.  We h a v e  d e v e l o p e d  a  r a p i d  
method f o r  t h e  i s o l a t i o n  o f  e l e c t r o -  
p h o r e t i c a l l y  p u r e  SlOO p r o t e i n .  

The method c o n s i s t s  o f  homogeniz-  
i n g  1000 g  of b e e f  b r a i n s  i n  4000 m l  
of  0 . 0 1  M p o t a s s i u m  p h o s p h a t e ,  
0 . 0 0 1  M EDTA, 0 . 0 0 1  M 2 - m e r c a p t o -  
e t h a n o l ,  pH 7 . 2 ,  a t  4OC. A l l  s u b s e -  
q u e n t  s t e p s  a r e  p e r f o r m e d  a t  4OC. 
The homogenate  was c e n t r i f u g e d  a t  
18 ,000  x  g  f o r  60 min.  The s u p e r -  
n a t a n t  was b r o u g h t  t o  80% s a t u r a t i o n  
w i t h  (NH4) 2 S 0 4 .  A f t e r  c e n t r i f u g i n g  
a t  18 ,000  x g f o r  60 m i n ,  t h e  s u p e r -  
n a t a n t  was a d j u s t e d  t o  pH 4 . 0  w i t h  

1 N H C 1 .  The r e s u l t i n g  p r e c i p i t a t e  
was c o l l e c t e d  b y  c e n t r i f u g a t i o n  a n d  
was d i s s o l v e d  i n  150 m l  o f  0 . 0 7 5  M 
NaC1, 0 . 0 1  M p o t a s s i u m  p h o s p h a t e ,  
0 . 0 1  M 2 - m e r c a p t o e t h a n o l ,  0 . 0 0 1  M 
EDTA, pH 7 . 2 ,  and d i a l y z e d  e x h a u s -  
t i v e l y  a g a i n s t  t h e  same b u f f e r .  
A f t e r  a  c l a r i f y i n g  s p i n ,  t h e  s a m p l e  
was l o a d e d  o n t o  a  2 . 5  x  35-cm d i e t h y l -  
a m i n o e t h y l  (DEAE) - c e l l u l o s e  co lumn.  
Nonabsorbed m a t e r i a l  was e l u t e d  w i t h  
200 m l  o f  s t a r t i n g  b u f f e r  ( 0 . 0 7 5  M 
NaC1, 0 . 0 1  M p o t a s s i u m  p h o s p h a t e ,  
0 . 0 1  M 2 - m e r c a p t o e t h a n o l ,  0 . 0 0 1  M 
EDTA, pH 7 . 2 ) .  Absorbed  m a t e r i a l  was 
e l u t e d  w i t h  a  l i n e a r  g r a d i e n t  o f  
500 m l  of  s t a r t i n g  b u f f e r  t o  500 m l  
o f  t h e  same b u f f e r  w i t h  0 . 5  N NaC1. 
Three -ml  f r a c t i o n s  were  c o l l e c t e d  a n d  
t h e i r  a b s o r b a n c e  was measured  a t  
280 nm. The l a s t  peak o f  m a t e r i a l ,  
which e l u t e d  a t  0 . 3  M NaC1, was 



poo led  and c o n c e n t r a t e d  by adding 
(NH4) 2SO4 t o  100% c o n c e n t r a t i o n  and 
a d j u s t i n g  t h e  pH t o  4 .0  w i t h  1 N H C 1 .  
The p r e c i p i t a t e  was c o l l e c t e d  by cen -  
t r i f u g a t i o n  and d i s s o l v e d  i n  10 m l  of  
0 . 1  M po t a s s ium p h o s p h a t e ,  0 .4  M 
(NH,) ,SO4, 0  . O 1  M 2 -mercap toe thano l ,  
0 .001  M EDTA. A f t e r  e x h a u s t i v e  d i a l -  
y s i s  t h e  sample was a p p l i e d  t o  a  
2.5 x  60-cm Sephadex G-100 column. 
F i f t y - d r o p  f r a c t i o n s  were c o l l e c t e d  
and t h e  absorbance  a t  280 nm was de-  
t e rmined .  The m a t e r i a l  whose peak 
was a t  f r a c t i o n  70 was poo l ed  and de-  
t e rmined  t o  be SlOO p r o t e i n .  

o f  p r o t e i n  under  c o n d i t i o n s  which 
would have d e t e c t e d  1% c o n t a m i n a t i o n .  
Our p u r i f i e d  m a t e r i a l  c o e l e c t r o -  
phoresed  w i t h  SlOO p r o t e i n  (gene r -  
o u s l y  p rov ided  by D r .  Thomas Vaneman). 
I n  a d d i t i o n ,  i t  r e a c t e d  w i t h  i d e n t i t y  
on double  d i f f u s i o n  g e l s  w i t h  
Vaneman' s  a n t i b o d y  d i r e c t e d  a g a i n s t  a  
sample o f  SlOO p r o t e i n .  

Th i s  p r o t e i n  p r e p a r a t i o n  w i l l  now 
be u sed  t o  o b t a i n  a n t i - S 1 0 0  a n t i -  
bod i e s  i n  g o a t s ,  which w i l l  be em- 
p loyed  i n  immunoassays f o r  t h e  quan-  
t i t a t i o n  o f  SlOO p r o t e i n  i n  g l i a l  
c e l l s .  

E l e c t r o p h o r e s i s  o f  t h i s  l a s t  f r a c -  
t i o n  on t e n - p e r c e n t  po lyac ry l amide -  
charged  g e l s  r e v e a l e d  o n l y  one band 

REGULATION OF EXOCELLULAR PROTEASES IN NEUROSPORA CRASSA: 

ROLE OF CELLULAR AMINO ACID POOLS IN REGULATION 

I n v e s t i g a t o r s  : 

H .  Drucker and B .  L .  Cohen 

T e c h n i c a l  A s s i s t a n c e :  

L .  N e i l  

Neurospora c r a s s a ,  when grown on a  medium where p r o t e i n  i s  

s o l e  s o u r c e  o f  n i t r o g e n ,  deve lops  i n t r a c e l l u l a r  amino a c i d  

p o o l s  which a r e  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  d i s t i n c t  

from t h o s e  found i n  n o n s t a r v e d  c e l l s  o r  i n  c e l l s  s t a r v e d  f o r  

n i t r o g e n  i n  t h e  absence  of  p r o t e i n  s u b s t r a t e .  The n a t u r e  o f  

t h e  change i n  amino a c i d  p o o l s  s u g g e s t s  t h a t  t hey  may p l a y  a  

r o l e  i n  t h e  r e p r e s s i o n  o f  p r o t e a s e  b i o s y n t h e s i s .  

I n  p r e v i o u s  work,  t h e  e f f e c t  o f  
t h e  20 commonly o c c u r r i n g  amino a c i d s  
on p r o t e a s e  b i o s y n t h e s i s  from 
N .  c r a s s a  grown on a  p r o t e i n  as  s o l e  - 
sou- c a r b o n ,  n i t r o g e n ,  o r  s u l f u r  
was examined. The amino a c i d s  which 
e f f e c t  a  g r e a t e r  t h a n  50% d e c r e a s e  i n  
p r o t e a s e  s y n t h e s i s  a t  c o n c e n t r a t i o n s  

4 

* 
of t o  M unde r  v a r i o u s  r e g i -  
mens a r e  shown i n  Table  29 .1 .  I f  t h e  
d a t a  on amino a c i d  r e p r e s s i o n  have 
any p h y s i o l o g i c  meaning,  t h e y  s h o u l d  
c o r r e l a t e  i n  some f a s h i o n  w i t h  t h e  
k i n e t i c s  of accumula t ion  and t h e  s i z e  
of amino a c i d  p o o l s  i n  organisms  
grown on p r o t e i n  a s  s o l e  N -  ,C- o r  



TABLE 2 9 . 1 .  Amino A c i d s  E f f e c t i n g  
50% I n h i b i t i o n  o f  P r o t e a s e  S y n t h e s i s .  

PROTEIN AS N-SOURCE PROTEIN AS S-SOURCE PROTEIN AS C-SOURCE 

ARGlNlNE CYSTEINE CYSTEINE 
TRYPTOPHAN CYSTINE CYSTINE 
THREONINE METHlONlNE HISTIDINE 

l SOLEUCINE 
LEUCINE 
LYSINE 
METHlONlNE 
PHENYLALAN INE 
TRYPTOPHAN 
VALINE 
THREONINE 

S - s o u r c e  and  w i t h o u t  added  amino 
a c i d s .  T h i s  s t u d y  e x a m i n e s  c h a n g e s  
i n  amino a c i d  p o o l  s i z e s  u n d e r  c o n d i -  
t i o n s  where  p r o t e i n  i s  s o l e  n i t r o g e n  
s o u r c e .  

The 20 commonly o c c u r r i n g  amino  
a c i d s  may b e  s e p a r a t e d  i n t o  f o u r  
g r o u p s  b a s e d  upon o u r  m e a s u r e m e n t s  o f  
p o o l  s i z e  k i n e t i c s  ( T a b l e  29 .2 )  : 

1 )  The amino a c i d  p o o l  s i z e  f o l l o w s  
t h e  k i n e t i c s  o f  e x o c e l l u l a r  p r o -  
t e a s e  b i o s y n t h e s i s ,  i . e .  , t h e  p o o l  
shows s m a l l  i n c r e a s e s  i n  t h e  i n -  
t e r v a l  0 - 1 . 5  h r  when p r o t e a s e  i s  
b e i n g  made a t  a  low r a t e ,  and  
l a r g e  i n c r e a s e s  i n  t h e  i n t e r v a l  
1 . 5 - 4 . 5  h o u r s  when p r o t e a s e  i s  
b e i n g  s e c r e t e d  a t  a  maximal  r a t e .  

2)  The amino a c i d  p o o l  shows a  mono- 
t o n i c  i n c r e a s e  t h r o u g h o u t  t h e  p e -  
r i o d  o f  i n d u c t i o n .  

3 )  The amino a c i d  p o o l  r e m a i n s  e s s e n -  
t i a l l y  c o n s t a n t  t h r o u g h o u t  t h e  p e -  
r i o d  o f  i n d u c t i o n .  

4) The amino  a c i d  p o o l  i n c r e a s e s  and 
d e c r e a s e s  a s  a  f u n c t i o n  o f  i n c u b a -  
t i o n  t i m e ,  b u t  t h e s e  c h a n g e s  d o  
n o t  p a r a l l e l  c h a n g e s  i n  l e v e l s  o f  
e x c : e l l u l a r  p r o t e a s e .  

Of t h e  s e v e n  amino a c i d s  s h o w i n g  
k i n e t i c s  o f  2 0 0 1  a c c u m u l a t i o n  s i m i l a r  
t o  t h e  k i n e t i c s  o f  p r o t e a s e  s e c r e t i o n ,  
a l l  e x c e p t  t y r o s i n e  a r e  e x c e l l e n t  r e -  
p r e s s o r s  o f  p r o t e a s e  b i o s y n t h e s i s  
when c e l l s  a r e  grown u n d e r  c o n d i -  
t i o n s  where  p r o t e i n  i s  s o l e  c a r b o n  
s o u r c e  ( s e e  T a b l e  2 9 . 2 ) .  The amino  
a c i d s  ( o t h e r  t h a n  t h r e o n i n e )  w h i c h  
r e p r e s s  p r o t e a s e  b i o s y n t h e s i s  u n d e r  

TABLE 2 9 . 2 .  K i n e t i c s  o f  Amino A c i d  
A c c u m u l a t i o n :  P r o t e i n  a s  S o l e  
N - S o u r c e  f o r  N. c r a s s a .  
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G LY 

H I S  
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FOLLOWS PROTEASE MONOTONIC NO 
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t 

C 

+ 
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'a '  BASED UPON DATA DERIVED FROM EXPERIMENTAL PROTOCOL 
I N  LEGEND FIG. 7 

c o n d i t i o n s  w h e r e  p r o t e i n  i s  s o l e  
n i t r o  e n  s o u r c e  w e r e  e i t h e r  t o o  low 

e  m e a s u r e d  i n  t h e  c e l l s  ( t r y p t o -  4 
p h a n )  o r  c h a n g e d  m o n o t o n i c a l l y  
( a r g i n i n e ) .  

The r a t i o  of maximal  amino a c i d  
p o o l  s i z e  t o  p o o l  s i z e  a t  0  t i m e  was 
c a l c u l a t e d .  When t h e  amino  a c i d s  
were  g r o u p e d  on t h e  b a s i s  o f  t h i s  
c o n c e n t r a t i o n  r a t i o  ( r a t i o  v a l u e  
1 - 1 . 5 ,  1 . 5 - 3 ,  g r e a t e r  t h a n  3 ) ,  we 
f o u n d  t h a t ,  w i t h  t h e  e x c e p t i o n  o f  
t y r o s i n e  a n d  t h r e o n i n e ,  a l l  c f  t h e  
amino a c i d s  wh ich  e f f e c t  s p e c i f i c  
a n d  s u b s t a n t i a l  r e p r e s s i o n  o f  p r o -  
t e a s e  b i o s y n t h e s i s  u n d e r  c o n d i t i o n s  
o f  c a r b o n  s t a r v a t i o n  show c o n c e n t r a -  
t i o n  r a t i o s  o f  3  a n d  a b o v e  
( T a b l e  2 9 . 3 ) .  T h o s e  amino a c i d s  
wh ich  d e m o n s t r a t e  s p e c i f i c  r e p r e s s i o n  
u n d e r  c o n d i t i o n s  o f  n i t r o o e n  s t a r v a -  
t i o n  w e r e  ( e x c e p t  f o r i n e )  n o t  
a c c u m u l a t e d  t o  any  s u b s t a n t i a l  
d e g r e e .  

I f  one  compares  maximum amino  
a c i d  c o n c e n t r a t i o n s  i n  n i t r o g e n -  
s t a r v e d  c e l l s  (no  p r o t e i n  s u b s t r a t e )  



TABLE 2 9 . 3 .  A Compar i son  o f  Amino 
Ac id  C o n c e n t r a t i o n  R a t i o s  ( a )  i n  C e l l s  
o f  N .  c r a s s a  I n d u c e d  f o r  P r o t e a s e  
~ y n ? h e s i s  u n d e r  C o n d i t i o n s  o f  
N i t r o g e n  S t a r v a t i o n .  

A M I N O  A C I D  A M I N O  A C I D  A M I N O  A C I D  
CONCENTRATION CONCENTRATION CONCENTRATION 
R A T I O -  1 - 1 . 5  RAT IO  = 1.5-3 RATIO > 3 

ALAN INE 

ARGlN lNE  

CYSTINE 

GLYCINE 

PROLINE 

SERINE 

ASPARAGINE 

GLUTAMI NE 

ASPARTIC A C I D  H I S T I D I N E  

GLUTAMIC A C I D  LYSINE 

l SOLEUCINE METH lON lNE 

LEUC l NE 

PHENYLALANINE 

THREON l NE 

TYROSINE 

VALINE 

( a )  = M A X I M A L  POOL S l Z E  OF A M l N O  ACIDS 
M I N I M A L  (OT IME OF INDUCT lON l  POOL 
S l Z E  OF A M l N O  A C I D S  

w i t h  maximum c o n c e n t r a t  i o n s  o f  amino 
a c i d s  i n  c e l l s  i n d u c e d  f o r  p r o t e a s e  
i n  t h e  p r e s e n c e  of  p r o t e i n  a s  s o l e  
n i t r o g e n  s o u r c e ,  t h e  i n c r e a s e d  p o o l  
s i z e  f o r  t h o s e  amino a c i d s  r e p r e s s i n g  
p r o t e a s e  b i o s y n t h e s i s  u n d e r  c o n d i -  
t i o n s  where  p r o t e i n  i s  s o l e  c a r b o n  
s o u r c e  i s  s t i l l  a p p a r e n t .  

The above  c o m p a r i s o n s  show c l e a r l y  
t h a t  n i t r o g e n - s t a r v e d  c e l l s  (no  p r o -  
t e i n  s u b s t r a t e )  b e a r  l i t t l e  o r  n o  r e -  
s e m b l a n c e  i n  t e r m s  o f  amino a c i d  p o o l  
b e h a v i o r  t o  c e l l s  i n d u c e d  t o  make 
p r o t e a s e  b y  t h e  p r e s e n c e  o f  p r o t e i n  
a s  s o l e  n i t r o g e n  s o u r c e .  

Two t r i v i a l  e x p l a n a t i o n s  o f  t h e  
n a t u r e  of amino a c i d  p o o l s  i n  p r o -  
t e a s e - i n d u c e d  c e l l s  o i  2. c r a s s a  c a n  
be  d i s c a r d e d :  

1 )  The p o o l  s i z e  i s  a  r e f l e c t i o n  of 
t h e  amino a c i d  c o m p o s i t i o n  o f  t h e  
p r o t e i n  s u b s t r a t e  employed .  A n a l y -  
s e s  of t h e  amino a c i d  c o m p o s i t i o n  
o f  t h e  s u b s t r a t e  ( b o v i n e  se rum 
a l b u m i n )  v e r s u s  t h e  amino a c i d  
p o o l s  show n o  s u c h  c o r r e l a t i o n .  

2 )  P o o l  s i z e  i s  a  r e f l e c t i o n  o f  t h e  
r e l a t i v e  r a t e s  o f  t r a n s p o r t  f o r  
i n d i v i d u a l  amino a c i d s  r e l e a s e d  b y  
t h e  e x o c e l l u l a r  p r o t e a s e s  f rom t h e  
p r o t e i n  s u b s t r a t e .  A n a l y s e s  o f  
t h e  a f f i n i t y  c o n s t a n t s  a n d  r a t e s  
f o r  amino a c i d  t r a n s p o r t  do  n o t  
s u p p o r t  t h i s  e x p l a n a t i o n  o f  t h e  
d a t a .  

We p o s t u l a t e  t h a t  c e l l s  grown on 
p r o t e i n  a s  a  s o l e  s o u r c e  o f  n i t r o g e n ,  
s u l f u r ,  o r  c a r b o n  a r e  a l t e r e d  i n  
t h e i r  m e t a b o l i s m  i n  s u c h  a  way t h a t  
t h e y  t e n d  t o  form p o o l s  o f  amino  
a c i d s ,  and  p r o d u c t s  o f  amino  a c i d  
m e t a b o l i s m  ( a s  h a s  b e e n  shown p r e v i -  
o u s l y  f o r  t r y p t o p h a n )  , w h i c h  a r e  c a -  
p a b l e  o f  e f f e c t i n g  r e p r e s s i o n  of  p r o -  
t e a s e  b i o s y n t h e s i s .  T h e s e  p o o l s  a r e  
l a r g e  r e l a t i v e  t o  t h e i r  s i z e  i n  non-  
s t a r v e d  c e l l s ,  b u t  r e l a t i v e l y  s m a l l  
compared  t o  t o t a l  amino a c i d  p o o l  
s i z e ,  a n d  t h u s  d o  n o t  i n v o l v e  t h e  e x -  
p e n d i t u r e  of  l a r g e  amoun t s  o f  e n e r g y  
a n d  n u t r i l i t e .  How t h e s e  amino  a c i d s  
e f f e c t  r e p r e s s i o n  o f  p r o t e a s e  b i o -  
s y n t h e s i s  u n d e r  d i f f e r i n g  n u t r i l i t e  
r e g i m e n s  i s  n o t  c l e a r .  The e x p e r i -  
m e n t s  d e s c r i b e d  h e r e  ( a n d  p r e v i o u s  
work)  would  s u g g e s t  t h a t  t h e r e  may b e  
r e g u l a t o r y  c r o s s  l i n k s  i n  t h e  s y n -  
t h e s i s  o f  e x o c e l l u l a r  p r o t e a s e  u n d e r  
c o n d i t i o n s  o f  n i t r o g e n ,  s u l f u r ,  and  
c a r b o n  d e p r i v a t i o n  w h i c h  a r e  n o t  
a m e n a b l e  t o  s t r a i g h t f o r w a r d  a n a l y s e s  
of s i n g l e  n u t r i l i t e  a n d  m e t a b o l i t e  
e l e m e n t s  w i t h i n  t h e  c e l l .  
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C e l l s  o f  2. c r a s s a  grown i n  c o m p l e t e  medium a p p e a r  t o  p o s -  

s e s s  low l e v e l s  o f  a  p r o t e a s e  zymogen. The p r o t e a s e  zymogen 

i n c r e a s e s  i n t r a c e l l u l a r l y  when e x o c e l l u l a r  p r o t e a s e  i s  i n d u c e d  

by g r o w t h  on a  p r o t e i n  s u b s t r a t e  a s  s o l e  c a r b o n  s o u r c e .  The 

k i n e t i c s  o f  i t s  i n d u c t i o n  a r e  c o n s o n a n t  w i t h  a  r o l e  f o r  t h i s  

enzyme i n  r e g u l a t i o n  o f  e x o c e l l u l a r  p r o t e a s e  b i o s y n t h e s i s .  

We h a v e  p r e v i o u s l y  shown t h a t  c u l -  Given t h e  h i g h  l e v e l  o f  p r o t e i n  
t u r e s  o f  N e u r o s p o r a  c r a s s a  grown from i m m u n o l o g i c a l l y  r e l a t e d  t o  e x o c e l l u -  
c o n i d i a  on a  medium w h e r e p r o t e i n  i s  l a r  a l k a l i n e  p r o t e a s e  i n s i d e  t h e  c e l l ,  
p r i m a r y  c a r b o n  s o u r c e  show c o n s t a n t  and t h e  low and  c o n s t a n t  l e v e l s  o f  
l e v e l s  o f  i n t r a c e l l u l a r  p r o t e a s e  d u r -  
i n g  t h e  i n t e r v a l  of t i m e  when i n d u c -  
t i o n  of e x o c e l l u l a r  p r o t e a s e  o c c u r s .  
The same a p p e a r s  t o  be t h e  c a s e  i n  9 9 
e x p o n e n t i a i L p h a s e  c e l l s  o f  N. c r a s s a  
( F i g u r e  2 9 . 3 )  . These  d a t a  w o u l d m  4 . 0 1  

P 
t o  i n d i c a t e  t h a t  t h e r e  was no accumu- 
l a t i o n  of e x o c e l l u l a r  enzyme i n s i d e  
t h e  c e l l  d u r i n g  t h e  t i m e  c o u r s e  o f  
p r o t e a s e  b i o s y n t h e s i s .  

I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  p r o -  
t e i n  w i t h  immunologic  c h a r a c t e r i s t i c s  
s i m i l a r  t o  one o f  t h e  e x o c e l l u l a r  p r o -  
t e a s e s  ( t h e  a l k a l i n e  p r o t e a s e )  m i g h t  
a c c u m u l a t e  w i t h i n  t h e  c e l l  i n  amounts  
t o o  low t o  be  d e t e c t e d  by t h e  s t a n -  
d a r d  a s s a y  o f  p r o t e a s e  a c t i v i t y ,  f u r -  
t h e r  t e s t s  w e r e  c o n d u c t e d .  Us ing  an 
i m m u n o p r e c i p i t i n  r i n g  t e s t  we f o u n d  
s i g n i f i c a n t  q u a n t i t i e s  of m a t e r i a l  
c r o s s - r e a c t i n g  w i t h  a n t i b o d y  d i r e c t e d  
a g a i n s t  e x o c e T l u l a r  a l k a l i n k  p r o t e a s e  
i n  t h e  c r u d e  e x t r a c t  of t h e  i n d u c e d  
c e l l s  ( T a b l e  2 9 . 4 ) .  A c o m p a r i s o n  o f  
i m m u n o l o g i c a l l y  r e a c t i v e  m a t e r i a l  i n  
t h e  c e l l  v e r s u s  amounts  p r e s e n t  i n  
t h e  c e l l  f i l t r a t e  ( p r e s u m a b l y  e x o -  
c e l l u l a r  a l k a l i n e  p r o t e a s e ) ,  a s  a  
f u n c t i o n  of i n d u c t i o n  t i m e ,  s u g g e s t e d  
t h a t  i m m u n o l o g i c a l l y  r e a c t i v e  m a t e -  
r i a l  was p r e s e n t  e a r l y  i n  i n d u c t i o n ,  
i . e .  b e f o r e  s e c r e t i o n  o f  d e t e c t a b l e  
l e v e l s  o f  e x o c e l l u l a r  p r o t e a s e .  

0  2 4  

INCUBATION TIME, hrs 

FIGURE 29 .3 .  I n d u c t i o n  o f  E x o c e l l u -  
l a r  P r o t e a s e  f rom 1. c r a s s a  a n d  Lev-  
e l s  of I n t r a c e l l u l a r  P r o t e a s e  d u r i n g  
I n d u c t i o n .  C e l l s  grown 12 h r s  i n  
medium c o n t a i n i n g  s u c r o s e  a s  c a r b o n  
s o u r c e  were  t r a n s f e r r e d  t o  medium 
where  t h e  p r o t e i n  b o v i n e  se rum a l b u -  
min was s o l e  c a r b o n  s o u r c e .  A t  t h e  
g i v e n  i n t e r v a l s ,  s a m p l e s  of c e l l - f r e e  
f i l t r a t e  a n d  c e l l s  were  removed.  P r o -  
t e a s e  l e v e l s  i n  t h e  c e l l  f i l t r a t e  and 
i n  c e l l  e x t r a c t s  w e r e  d e t e r m i n e d .  



TABLE 2 9 . 4 .  Immunologic R e a c t i v i t y  
V e r s u s  A n t i - E x o c e l l u l a r  A l k a l i n e  
P r o t e a s e  o f  I n d u c e d  C e l l  E x t r a c t s  
and  E x o c e l l u l a r  F i l t r a t e  

IMMUNOLOGIC REACTIVITY l MMUNOLOGIC REACTIVITY 
INDUCTION TIME, hr  OF EXOCEUULAR FILTRATL OF CELL EXTRACI 
- - -- 
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RESULTS OF I h l M U N O P R E C l P l T l N  R I N G  TEST I N  WHICH ANTISERA AGAINST 
EXOCELLbLAR CRYSTALLIZED ALKALINE PROTEASE I S  OVERLAID. I N  A 
CAPILLARY TUBE. IVITH THE TEST MATERIALS. A P R E C I P I T I N  BAND AT THE 
IluTERFACE IMPLIES IMMUNOLOGIC REACTIVITY EXTENT OF REACTIVITY 
WAS JUDGED BY EYE-EXAMINATION OF S I Z E  OF P R E C I P I T I N  ZONE. 

p r o t e a s e  a s  d e t e r m i n e d  by m e a s u r e s  o f  
p r o t e a s e  a c t i v i t y  i n  c e l l  c y t o p l a s m ,  
we p e r f o r m e d  e l e c t r o p h o r e t i c  a n a l y -  
s e s  o f  c r u d e  e x t r a c t s  o f  hj. c r a s s a  
i n d u c e d  t o  make p r o t e a s e  o v e r  t i m e  i n -  
t e r v a l s  of  0 - 5  h r .  To r e s o l v e  e x o -  
c e l l u l a r  enzyme s p e c i e s  from i n t r a -  
c e l l u l a r  enzyme s p e c i e s ,  a  c o n t r o l  o f  
e x o c e l l u l a r  enzyme was r u n  a t  t h e  
same t i m e  and on t h e  same p l a t e  w i t h  
t h e  c r u d e  e x t r a c t .  I n  t h e  s y s t e m  em- 
p l o y e d ,  p r o t e a s e  i s  d e t e c t e d  by i t s  
a c t i v i t y  on a  m i l k - p r o t e i n -  a g a r  o v e r -  
l a y  o f  a  c e l l u l o s e  a c e t a t e  
e l e c t r o p h e r o g r a m .  

E x o c e l l u l a r  enzyme ( F i g u r e  2 9 . 4 ,  
column C )  c o n s i s t e d  o f  t h r e e  e l e c t r o -  
p h o r e t i c a l l y  d i s t i n c t  componen t s .  
The l o w e r  bond (most  e l e c t r o p o s i t i v e  
m a t e r i a l )  c a n  be i d e n t i f i e d  a s  t h e  
a c t i v a t i n g  p r o t e a s e  t h e r m o l y s i n ,  
which  i s  employed ( a s  p r e v i o u s l y  d e -  
s c r i b e d )  i n  t h e  i n d u c t i o n  o f  p r o t e a s e  
from c a r b o n - s t a r v e d  c e l l s  o f  
N .  c r a s s a .  The u p p e r  band (most e l e c -  - -  
t r o n e g a t i v e )  i s  s i m i l a r  t o  p u r i f i e d  
e x o c e l l u l a r  a l k a l i n e  p r o t e a s e  i n  e l e c -  
t r o p h o r e t i c  b e h a v i o r .  L i t t l e  o r  n o  
e l e c t r o p h o r e t i c a l l y  r e s o l v a b l e  p r o -  
t e a s e  a c t i v i t y  c o u l d  b e  s e e n  i n  t h e  
c r u d e  e x t r a c t s  f r o m  c e l l s  i n d u c e d  f o r  
0  t i m e ,  o r  f o r  up t o  5 h r  
( F i g u r e s  2 9 . 4 i  and 2 9 . 4 i i ,  column B ) .  

l i l  A B C 
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FIGURE 29 .4 .  E l e c t r o p h o r e s i s  o f  i n -  
t r a c e l l u l a r  and  e x o c e l l u l a r  p r o t e a s e  
a c t i v i t i e s  o f  2. c r a s s a .  ~ e i l  f i l -  
t r a t e  and c e l l  e x t r a c t s  d e r i v e d  f rom 
t h e  e x p e r i m e n t  d e s c r i b e d  i n  
F i g u r e  2 9 . 3  w e r e  e l e c t r o p h o r e s e d  o n  
s t r i p s  o f  c e l l u l o s e  a c e t a t e  (Gelman 
S e p r a p h o r e  111) i n  0 . 5  M T r i s - b o r a t e  
b u f f e r ,  pH 9 . 1  f o r  45 min .  V i s u a l i -  
z a t i o n  of  p r o t e a s e  a c t i v i t y  was e f -  
f e c t e d  by p l a c i n g  e l e c t r o p h e r o g r a m  
a g a i n s t  a  t h i n  l a y e r  o f  a g a r  c o n t a i n -  
i n g  m i l k  p r o t e i n .  Zones n o t  s t a i n -  
i n g  f o r  p r o t e i n  w i t h  N a p h t h o l  B l a c k  
a r e  shown. i .  Z e r o - t i m e  s a m p l e .  
Column A :  1 : l  mix o f  i n t r a c e l l u l a r  
and  e x o c e l l u l a r  enzyme;  3 .0  P.U. / m l .  
Column B :  I n t r a c e l l u l a r  p r o t e a s e ,  
1. 48 P.U./ml e x t r a c t ;  Column C :  e x o -  
c e l l u l a r  p r o t e a s e  a f t e r  5  h r s  o f  i n -  
d u c t i o n ,  4 . 5  P .U. /ml .  i i .  Same a s  
i ,  e x c e p t  e x t r a c t  made f rom c e l l s  i n -  
d u c e d  f o r  e x o c e l l u l a r  p r o t e a s e  by 
1 h r  o f  i n c u b a t i o n  i n  medium where  
p r o t e i n  i s  s o l e  c a r b o n  s o u r c e .  

However,  when t h e  e x o c e l l u l a r  p r o -  
t e a s e  and c r u d e  e x t r a c t  were  mixed  
( 1 : l ;  t o t a l  u n i t s  o f  mixed  enzyme,  
3 . 5 ) ,  a  new b a n d  o f  p r o t e a s e  a c t i v i t y  
was o b s e r v e d  ( F i g u r e s  2 9 . 4 i  and 
2 9 . 4 i i ,  column A) which  was e l e c t r o -  
p h o r e t i c a l l y  d i s t i n c t  f rom a l l  t h r e e  
o f  t h e  e x o c e l l u l a r  enzymes a n d  f r o m  
t h e  a l k a l i n e  p r o t e a s e  a c t i v i t y  
c l e a r l y  v i s i b l e  i n  t h e  m i x t u r e .  T h i s  
m a t e r i a l ,  a c t i v a t e d  by t h e  e x o c e l l u - ~  
l a r  p r o t e a s e ,  was a l s o  d e t e c t a b l e  i n  
t h e  c e l l  c y t o p l a s m  o f  u n i n d u c e d  c e l l s .  
I t  a p p e a r e d ,  i n  a  q u a l i t a t i v e  s e n s e  
a s  judged  by e l e c t r o p h o r e s i s ,  t o  a c c u -  
m u l a t e  i n  t h e  c e l l s  d u r i n g  t h e  c o u r s e  
of i n d u c t i o n .  F u r t h e r ,  t h e r m o l y s i n ,  
t h e  a c t i v a t i n g  p r o t e a s e  i n  i n d u c t i o n  



of e x o c e l l u l a r  p r o t e a s e  from c e l l s  
grown on p r o t e i n  as  s o l e  ca rbon  
s o u r c e ,  e f f e c t e d  t h e  same phenomena 
when added t o  t h e  c rude  e x t r a c t s  of 
e i t h e r  induced  o r  uninduced c e l l s  o f  
N .  c r a s s a .  I t  c aused  t h e  appearance  - -  
of a  new p r o t e a s e  s p e c i e s  more e l e c -  
t r o n e g a t i v e  t h a n  t h o s e  found e i t h e r  
e x o c e l l u l a r l y  o r  i n t r a c e l l u l a r l y .  I t  
would t h u s  a p p e a r  t h a t  1. c r a s s a  pos-  
s e s s e s  a  c o n s t i t u t i v e  p r o t e a s e  i n  
zymogen form,  i n c r e a s i n g  i n  l e v e l  du r -  
i n g  t h e  cou r se  of e x o c e l l u l a r  p r o -  
t e a s e  i n d u c t i o n .  

D i r e c t  measurements were made of  
p r o t e a s e  a c t i v i t y  a c t i v a t e d  i n  t h e  
c e l l  cy toplasm by e i t h e r  e x o c e l l u l a r  
p r o t e a s e  o r  t h e r m o l y s i n ,  a s  a  f u n c -  
t i o n  of  i n d u c t i o n  t ime f o r  e x o c e l l u -  
l a r  p r o t e a s e  d u r i n g  growth on p r o t e i n  
a s  s o l e  carbon  s o u r c e  (F igu re  29 .5 ) .  
I t  c an  be s een  t h a t  t h e  l e v e l s  o f  a c -  
t i v a t a b l e  m a t e r i a l  a r e  h i g h e s t  a t  t h e  
approximate  t ime  when e x o c e l l u l a r  p r o -  
t e a s e  beg ins  t o  be obse rved  i n  c u l -  
t u r e  f i l t r a t e s  ( a f t e r  2 h r s  o f  i n c u -  
b a t i o n )  ; t h e  l e v e l s  d e c r e a s e  
t h e r e a f t e r ,  b u t  n e v e r  r e a c h  l e v e l s  a s  
low a s  t h o s e  p r e s e n t  i n  t h e  uninduced 
c e l l s .  The t ime c o u r s e  f o r  i n c r e a s e  
and d e c r e a s e  of  zymogen i s  a lmos t  
i d e n t i c a l  t o  t h a t  obse rved  f o r  t h e  
p r e v i o u s l y  r e p o r t e d  i n c r e a s e  and de-  
c r e a s e  o f  c y t o p l a s m i c  p r o t e a s e -  
i nduc ing  m a t e r i a l .  

These d a t a  s u g g e s t  t h a t  a l k a l i n e  
p r o t e a s e  may be p r e s e n t  i n  zymogen 
form even  i n  uninduced c e l l s  o f  
N .  c r a s s a .  Because p r e v i o u s  work h a s  - -  
imp l i ed  a  r o l e  i n  t h e  i n d u c t i o n  p r o -  
c e s s  f o r  a  zymoprotease bound t o  
c e l l s  of N .  c r a s s a  (pe rhaps  between 
w a l l  and membrane), i t  i s  t emp t ing  t o  

p o s t u l a t e  t h a t  t h e  zymoprotease de-  
s c r i b e d  i n  t h i s  r e p o r t  may be t h e  one 
i nvo lved  i n  t h e  i n i t i a l  phase  o f  i n -  
d u c t i o n .  E f f o r t s  p r e s e n t l y  i n  p ro -  
g r e s s  a r e  examining t h i s  p o s s i b i l i t y .  
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FIGURE 29 .5 .  Leve l s  o f  P r o t e a s e  i n  
Zymogen Form i n  Crude E x t r a c t s  o f  
N; c r a s s a  Induced f o r  E x o c e l l u l a r  - -  
P r o t e a s e  S y n t h e s i s .  Induced c e l l s  a s  
i n  F igu re  29.3 were e x t r a c t e d  and a  
sample o f  e x o c e l l u l a r  p r o t e a s e  from a  
5 - h r  induced  c u l t u r e  was added ( 1  : 1 
by volume) - t o  t h e  e x t r a c t .  A v a l u e  
was c a l c u l a t e d  f o r  p r o t e a s e  p r e s e n t ,  
ba sed  upon t h e  sum o f  i n t r a c e l l u l a r  
and e x o c e l l u l a r  p r o t e a s e  a c t i v i t y ,  
measured s e p a r a t e l y .  " A c t i v a t a b l e "  
p r o t e a s e  i s  t h e  d i f f e r e n c e  between 
t h i s  c a l c u l a t e d  a c t i v i t y  and t h a t  
measured i n  t h e  m i x t u r e s .  
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The ATPase o f  a v i a n  m y e l o b l a s t o s i s  v i r u s  i s  i n h i b i t e d  b y  

t r e a t m e n t  w i t h  p h o s p h o l i p a s e  C; a c t i v i t y  i s  r e s t o r e d  upon t h e  

s u b s e q u e n t  a d d i t i o n  o f  l e c i t h i n  t o  t h e  t r e a t e d  v i r u s ,  demon- 

s t r a t i n g  t h a t  t h e  ATPase r e q u i r e s  l e c i t h i n  f o r  a c t i v i t y .  A 

p a r t i c l e  which  h a s  a  t e n f o l d  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  

c a n  be  i s o l a t e d  f rom v i r u s e s  which  have  b e e n  t r e a t e d  w i t h  a  

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

d i a l y s e d .  The d a t a  s u g g e s t  t h a t  t h e  enzyme i s  a n  i n t e g r a l  

component  o f  t h e  l i p i d  p o r t i o n  o f  t h e  v i r a l  e n v e l o p e .  

Dur ing  m a t u r a t i o n  and r e l e a s e  o f  
a n i m a l  RNA tumor  v i r u s e s  f rom h o s t  
c e l l s ,  t h e  v i r u s  "buds"  t h r o u g h  t h e  
c e l l  membrane. Due t o  t h i s  p r o c e s s ,  
v i r u s e s  a r e  e n v e l o p e d  by a  l i p i d  and 
p r o t e i n  membrane which s u p e r f i c i a l l y  
r e s e m b l e s  t h e  c e l l  membrane. L i t t l e  
i s  known of t h e  m a t u r a t i o n  s i t e s ,  
v i r a l  c o n t r o l  o f  t h e  c o m p o s i t i o n  o f  
t h e  h o s t  c e l l  membrane,  o r  t h e  c o n t r i -  
b u t i o n  o f  c e l l  membrane t o  t h e  s t r u c -  
t u r e  o f  t h e  v i r a l  e n v e l o p e .  The 
ATPase o f  a v i a n  m y e l o b l a s t o s i s  v i r u s  
(AMV) p r o v i d e s  a  good o p p o r t u n i t y  t o  
s t u d y  t h e s e  p rob lems  s i n c e  i t  a p p e a r s  
t o  b e  d e r i v e d  f rom t h e  h o s t  mye lo -  
b l a s t ;  i t  i s  p a r t  o f  o r  e x t e r n a l  t o  
t h e  v i r a l  e n v e l o p e ;  and ATPases a r e  
u b i q u i t o u s  components  o f  c e l l  
membranes.  

L a s t  y e a r  we r e p o r t e d  t h a t  a t -  
t e m p t s  t o  e x t r a c t  t h e  ATPase f rom AMV 
were  u n s u c c e s s f u l  a n d  t h a t  t h e  ATPase 
was i n h i b i t e d  by p h o s p h o l i p a s e  C .  
T h i s  enzyme d e g r a d e s  l e c i t h i n  ( p h o s -  
p h a t i d y l  c h o l i n e )  i n t o  d i g l y c e r i d e  
a n d  p h o s p h o c h o l i n e .  F u r t h e r  s t u d i e s  
h a v e  now shown t h a t  t h e  a c t i o n  o f  
p h o s p h o l i p a s e  C i s  t o  d e g r a d e  v i r a l  
l e c i t h i n  which i s  r e q u i r e d  f o r  a c t i v -  
i t y  o f  t h e  ATPase. AMV was t r e a t e d  
w i t h  p h o s p h o l i p a s e  C f o r  1 h o u r ,  d e -  
s t r o y i n g  9 0 %  o f  t h e  ATPase a c t i v i t y .  

The v i r u s  was t h e n  c o n c e n t r a t e d  and  
washed f r e e  o f  a d d e d  enzyme by c e n -  
t r i f u g a t i o n ,  s u s p e n d e d  i n  s o n i c a t e d  
d i s p e r s i o n s  of v a r i o u s  p h o s p h o l i p i d  
and  a s s a y e d  f o r  ATPase.  S y n t h e t i c  
d i p a l m i t o y l  l e c i t h i n  i n c r e a s e d  a c t i v -  
i t y  s i x f o l d  w h i l e  o t h e r  l i p i d s  s t i m u -  
l a t e d  a c t i v i t y  from two t o  f o u r f o l d  
( T a b l e  2 9 . 5 ) .  The d a t a  s u g g e s t  t h a t  
t h e  enzyme i s  a s s o c i a t e d  w i t h  p h o s -  
p h o l i p i d  and t h u s  a p p e a r s  t o  b e  an  

TABLE 2 9 . 5 .  E f f e c t  o f  P h o s p h o l i p i d s  
on P h o s p h o l i p a s e - T r e a t e d  AMV 

PHOSPHOLIPID ADDED 
(2.5 m g l m l )  

RELATIVE ATPase 
ACTIV ITY 

NONE 1.0 

L - 0 - L E C I T H I N  (SYNTHETIC) 4.1 

L - 0 - L E C I T H I N  (DIPALMITOYL) 5.8 

E C I T H I N  (EGG) 23 

CEREBROSI DES 1.5 

L -a -CEPHALIN (D l  PALMITOYL) 2.8 

LYSOCEPHALIN 2 2 

PHOSPHATIDYL SERINE 25 

DlPALMlTOYL E C I T H I N  AND LYSOCEPHALIN 2.6 

AMV WAS TREATED WITH 1.0 rnglrnl PHOSPHOLIPASE C FOR 1 HOUR AT 20' 
WASHED BY CENTRIFUGATION AND ASSAYED FOR ATPase AFTER ADDITION 
OF SONICATED SUSPENSIONS OF THE PHOSPHOLIPIDS 



i n t e g r a l  p a r t  of  t h e  l i p i d  b i l a y e r  o f  
t h e  e n v e l o p e .  F u r t h e r  s t u d y  o f  l e c i -  
t h i n s  c o n t a i n i n g  f a t t y  a c i d  m o i e t i e s  
o f  v a r y i n g  c h a i n  l e n g t h s  showed t h a t  
d i p a l m i t o y l  l e c i t h i n  (DPL) p r o v i d e d  
t h e  mos t  c o m p l e t e  r e s t o r a t i o n  o f  
a c t i v i t y .  

The demons t  r a t i o n  t h a t  t h e  ATPase 
r e q u i r e d  l e c i t h i n  p r o v i d e d  t h e  i n f o r -  
m a t i o n  n e c e s s a r y  f o r  r e m o v a l  o f  t h e  
a c t i v e  enzyme f r o m  t h e  v i r u s .  The 
v i r u s  was d i s r u p t e d  i n  a  d e t e r g e n t  
( sod ium c h o l a t e )  i n  t h e  p r e s e n c e  o f  
a d d e d  DPL; t h e  m i x t u r e  was t h e n  
d i a l y z e d  t o  remove t h e  d e t e r g e n t .  
S u b s e q u e n t  c e n t r i f u g a t i o n  o f  t h e  d i a l -  
y s a t e  on s u c r o s e  d e n s i t y  g r a d i e n t s  
showed t h a t  n o  p r o t e i n  was d e t e c t a b l e  
a t  t h e  d e n s i t y  o f  t h e  i n t a c t  v i r u s  
( 1 . 1 6 )  , and  t h a t  t h e  ATPase was a s s o -  
c i a t e d  w i t h  a  p a r t i c l e  w h i c h  h a d  a  
d e n s i t y  o f  a b o u t  1 . 0 8 .  F u r t h e r  e x -  
p e r i m e n t s  r e v e a l e d ,  h o w e v e r ,  t h a t  t h e  
d e n s i t y  o f  t h e  ATPase p a r t i c l e  v a r -  
i e d ,  d e p e n d i n g  o n  t h e  r e l a t i v e  con-  
c e n t r a t i o n  o f  DPL a n d  v i r u s  p r o t e i n .  
A t  low p r o t e i n  c o n c e n t r a t i o n s  r e l a -  
t i v e  t o  DPL, t h e  d e n s i t y  was a b o u t  

1 . 0 8 ;  a t  i n t e r m e d i a t e  r a t i o s  t h e  d e n -  
s i t y  was i n c r e a s e d  t o  1 . 1 0 ;  a n d  a t  
h i g h e r  v i r a l  p r o t e i n  c o n c e n t r a t  i o n s  
i t  was 1 . 1 2 .  O p t i m a l  s e p a r a t i o n  o f  
a c t i v i t y  f r o m  o t h e r  v i r u s  c o m p o n e n t s  
b y  c e n t r i f u g a t i o n  i s  p o s s i b l e  when 
t h e  d e n s i t y  o f  t h e  A T P a s e - c o n t a i n i n g  
p a r t i c l e  i s  1 . 1 0 .  A  r e l a t i v e l y  
s m a l l  f r a c t i o n  of  t h e  t o t a l  p r o t e i n  
a p p l i e d  t o  t h e  g r a d i e n t  i s  a s s o c i a t e d  
w i t h  v i r t u a l l y  a l l  o f  t h e  ATPase 
( F i g u r e  2 9 . 6 ) .  The s p e c i f i c  a c t i v i t y  
(enzyme u n i t s / m g  p r o t e i n )  o f  t h e  e n -  
zyme i s  a b o u t  t e n f o l d  h i g h e r  i n  t h i s  
p e a k  t h a n  i n  t h e  d i a l y z e d  m a t e r i a l  
p r i o r  t o  t h e  s e p a r a t i o n  s t e p .  We a r e  
p r e s e n t l y  a t t e m p t i n g  t o  i s o l a t e  t h e  
ATPase i n  p u r e  f o r m  f o r  c h a r a c t e r i z a -  
t i o n  and  p r e p a r a t i o n  o f  a n t i b o d i e s .  
T h e s e  w i l l  e n a b l e  u s  t o  l o c a l i z e  t h e  
enzyme i n  i n f e c t e d  and  n o n i n f e c t e d  
c e l l s  a n d ,  p e r h a p s ,  t o  e v e n t u a l l y  
p u r i f y  i t s  messenger-RNA. 

G e n e r a l  p r o p e r t i e s  o f  t h e  e x -  
t r a c t e d  enzyme d i f f e r  f r o m  t h o s e  o f  
t h e  enzyme a s s o c i a t e d  w i t h  i n t a c t  
AMV. The v i r a l  enzyme i s  s e n s i t i v e  
t o  NaCl c o n c e n t r a t i o n ;  a c t i v i t y  i s  

1 - ATPase 
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FIGURE 2 9 . 6 .  S u c r o s e  D e n s i t y  G r a d i e n t  F r a c t i o n a t i o n  o f  
AMV T r e a t e d  w i t h  D e t e r g e n t .  V i r u s e s  w e r e  d i s r u p t e d  i n  
1% sod ium c h o l a t e  and  4 mg/ml d i p a l m i t o y l  l e c i t h i n ,  
d i a l y z e d  t o  remove c h o l a t e  and  a l l o w  l e c i t h i n  v e s i c l e  
f o r m a t i o n  and  c e n t r i f u g e d  a t  200 ,000  x  g  f o r  1 6  h o u r s .  
The f r a c t i o n s  s t a r t  a t  t h e  b o t t o m  o f  t h e  t u b e  and p r o -  
g r e s s  t o  t h e  t o p .  



maximal i n  0.05 mM NaC1, and i s  r e -  
duced t o  o n e - t h i r d  o f  maximal i n  
0.5 M.  However, a c t i v i t y  o f  t h e  e x -  
t r a c t e d  enzyme v a r i e s  by o n l y  13% 
th roughou t  a  NaCl c o n c e n t r a t i o n  
r ange  of  0 .0  M t o  0 .6  M .  Unl ike  t h e  
v i r a l  ATPase, t h e  e x t r a c t e d  enzyme 
i s  i n s e n s i t i v e  t o  changes i n  pH from 
7 t o  1 0 ,  a l t e r n a t e  f r e e z i n g  and thaw- 
i n g ,  and s o n i c a t i o n .  When h e l d  a t  
room t e m p e r a t u r e  i n  t h e  p r e s e n c e  o f  
NaN3 t o  i n h i b i t  m i c r o b i a l  g rowth ,  t h e  
a c t i v i t y  of e x t r a c t e d  ATPase was s t a -  
b l e  f o r  14 d a y s .  These p r o p e r t i e s  
a r e  t y p i c a l  of enzymes f i x e d  t o  a  
n o n b i o l o g i c a l  s o l i d  s u p p o r t ,  and 
s u g g e s t  t h a t  t h e  l o c a l  environment  
of  an enzyme i s  d i f f e r e n t  i n  t h e  ex -  
t r a c t e d  p a r t i c l e  t h a n  i n  t h e  v i r u s .  

S e v e r a l  l i n e s  of ev idence  s u g g e s t  
t h a t  t h e  ATPase i s  an i n t e g r a l  compo- 
n e n t  of t h e  l i p i d  b i l a y e r  o f  t h e  

v i r a l  enve lope .  The enzyme i s  h i g h l y  
r e s i s t a n t  t o  removal  from t h e  v i r u s  
by methods commonly u s e d  t o  e x t r a c t  
membrane-bound enzymes. I t  i s  a c c e s -  
s i b l e  t o  p r o t e a s e s  and s u b s t r a t e  ex-  
t e r n a l  t o  t h e  enve lope .  The demon- 
s t r a t e d  r equ i r emen t  f o r  l e c i t h i n  
s u g g e s t s  t h a t  i t  no rma l ly  r e s i d e s  i n  
a  l i p i d  m i l i e u .  I t  seems u n l i k e l y  
t h a t  t h e  enzyme i s  mere ly  a  contami-  
n a n t  f rom t h e  h o s t  c e l l  which i s  a c -  
c i d e n t l y  abso rbed  t o  t h e  v i r u s  p r i o r  
t o  m a t u r a t i o n ,  s i n c e  i t  i s  a p p a r e n t l y  
p a r t  of  a  membrane s t r u c t u r e .  Fur-  
t h e r  s t u d i e s  w i l l  examine t h e  c h a r a c -  
t e r i s t i c s  of t h e  ATPase i n  i n f e c t e d  
m y e l o b l a s t s .  The enzyme may be  p a r t  
o f  a  s u b u n i t  of  t h e  c e l l  membrane 
which i s  used  a s  a  s i t e  f o r  v i r u s  
m a t u r a t i o n .  
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P e r s o n  i n  C h a r g e :  M .  F .  G i l l i s  

The c o m p l e t e l y  i m p l a n t e d ,  r a d i o i s o t o p e - p o w e r e d  a r t i f i c i a l  h e a r t  w i l l  

s u b j e c t  s u r r o u n d i n g  t i s s u e s  t o  h e a t  a n d  r a d i a t i o n .  The m a j o r  o b j e c t i v e  o f  

t h i s  p r o j e c t  i s  t o  d e t e r m i n e  t h e  l o n g - t e r m  l o c a l  and s y s t e m i c  e f f e c t s  o f  

p r o t o t y p i c a l  2 3 8 ~ u 1 6 0 2  h e a t  s o u r c e s  i m p l a n t e d  i n  t h e  abdomina l  r e g i o n  of  

m i n i a t u r e  s w i n e .  

E a r l i e r  work a t  t h i s  l a b o r a t o r y  a n d  e l s e w h e r e  h a s  shown t h a t  d o g s  and 

s w i n e  a r e  r e l a t i v e l y  t o l e r a n t  of  added  endogenous  h e a t ,  s o  l o n g  a s  l o c a l  

t i s s u e  damage i s  a v o i d e d .  Hea t  f l u x e s  up t o  4 . 7  w a t t / c m 2  a r e  t o l e r a t e d  f o r  

y e a r s  by a o r t i c  b l o o d  f l o w i n g  t h r o u g h  a  t u b u l a r  h e a t  e x c h a n g e r  i n  t h e  t h o r a x  

o f  s w i n e .  S o f t  t i s s u e  s u r r o u n d i n g  a  h e a t  s o u r c e  a p p e a r s  t o  have  a  h e a t  f l u x  

l i m i t  a t  l e a s t  1 0 0 - f o l d  l o w e r  t h a n  t h i s .  E x p e r i m e n t s  u s i n g  dogs  a b d o m i n a l l y  

i m p l a n t e d  w i t h  s t r o n t i u m - y t t r i u m  mock r a d i a t i o n  s o u r c e s  have  i n d i c a t e d  t h a t  

r a d i a t i o n  f rom p r o t o t y p i c a l  2 3 8 ~ ~ 1 6 0 2  s o u r c e s  w i l l  n o t  p r o d u c e  d e t e c t a b l e  

e f f e c t s  o v e r  p e r i o d s  o f  a  f e w  y e a r s .  N o t h i n g  i s  known, however ,  c o n c e r n i n g  

l o n g - t e r m  e f f e c t s ,  o r  p o s s i b l y  s y n e r g i s t i c  e f f e c t s ,  o f  e x p o s u r e  t o  combined 

h e a t  and r a d i a t i o n .  

The m a j o r  e f f o r t  o f  t h i s  p r o j e c t  h a s  b e e n  d i r e c t e d  t o w a r d  t h e  d e v e l o p m e n t  

o f  a  method f o r  i m p l a n t i n g  2 9 - w a t t  2 3 8 ~ u 1 6 0 2  s o u r c e s  i n  t h e  abdomina l  r e g i o n  

o f  m i n i a t u r e  s w i n e  f o r  l o n g - t e r m  s t u d y .  The s o u r c e  mus t  be c o n t a i n e d  i n  an 

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

l i m i t s  t o l e r a t e d  by t i s s u e  a d j a c e n t  t o  t h e  s u r f a c e  o f  t h e  i m p l a n t .  T h i s  

r e q u i r e s  d e f i n i t i o n  o f  t i s s u e  h e a t  f l u x  t o l e r a n c e  l i m i t s  and knowledge of  

t h e i r  v a r i a t i o n  w i t h  i m p l a n t  s i z e  and w i t h  t i m e  f o l l o w i n g  i m p l a n t a t i o n .  T h i s  

p r o j e c t  h a s  a l s o  i n c l u d e d  f u n d a m e n t a l  e x p e r i m e n t s  d e s i g n e d  t o  c h a r a c t e r i z e  

h e a t  t r a n s f e r  p r o p e r t i e s  of  t r a u m a t i z e d  and  h e a l i n g  t i s s u e s  i n  v i v o ,  a  d i f f i -  

c u l t  a r e a  o f  i n v e s t i g a t i o n  a n d  o n e  which  i s  c r i t i c a l  t o  many d e s i g n  c o n s i d -  

e r a t i o n s  o f  t h e  ERDA A r t i f i c i a l  H e a r t  Program.  

PUBLICATIONS SINCE 1973  

D e c k e r ,  J .  R .  and  M .  F.  G i l l i s .  1 9 7 3 .  
A c o m p l e t e l y  i m p l a n t a b l e  t h r e e  c h a n -  
n e l  t e m p e r a t u r e  b i o t e l e m e t r y  s y s t e m .  
ISA T r a n s .  1 2 ( 2 ) ,  9 7 - 1 0 2 .  
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I n v e s t i g a t o r s :  

M .  F .  G i l l i s ,  J .  R .  D e c k e r ,  M. T. K a r a g i a n e s ,  

a n d  P. L .  P e t e r s o n  ( a )  

T e c h n i c a l  A s s i s t a n c e :  

A. J .  C l a r y ,  E .  G .  K u f f e l  and  L .  G .  S m i t h  

A  s u r f a c e  h e a t  f l u x  o f  0 . 0 4  w a t t s / c m 2  f r o m  a  r e t r o p e r i t o n e a l  

i m p l a n t  w i t h  h e a l t h y  s u r f a c e  i n g r o w t h  o f  t i s s u e  p r i o r  t o  g e n -  

e r a t i o n  o f  h e a t  i s  i n t o l e r a b l e ,  p r o d u c i n g  g r o s s  t i s s u e  n e c r o -  

s i s .  P e r c u t a n e o u s  c o o l i n g  o f  h o t  i m p l a n t s  d u r i n g  t h e  p o s t -  

o p e r a t i v e  h e a l i n g  p e r i o d  i s  a  f e a s i b l e  t e c h n i q u e ,  b u t  o u r  c u r -  

r e n t  p l u t o n i u m  h e a t  s o u r c e  i m p l a n t  d e s i g n  h a s  b e e n  p r o v e n  o f  

i n a d e q u a t e  s i z e  a n d  a  new d e s i g n  i s  d e s c r i b e d .  Rough c a l c u -  

l a t i o n s  b a s e d  on t i s s u e  c o n d u c t i v i t y  a n d  c o n d u c t a n c e  v a l u e s  

s u g g e s t  t h a t  e v e n  w i t h  t h i s  l a r g e r  d e v i c e ,  added  h e a t  t o  p r o x i -  

ma te  t i s s u e s  may p r o d u c e  l o n g - t e r m  c h a n g e s  e v e n  t h o u g h  t h e  

h e a t  b u r d e n  may b e  t o l e r a b l e  o v e r  r e l a t i v e l y  s h o r t  p e r i o d s .  

Our p r e v i o u s  r e p o r t  d e s c r i b e d  an  
e x p e r i m e n t  i n  w h i c h  a  d i s c o i d  ( 8 - i n  
d i a m e t e r ,  3 - i n  c e n t e r  t h i c k n e s s ,  
810-cm2 s u r f a c e  a r e a )  h a v i n g  a  c e n -  
t r a l  e l e c t r i c a l  h e a t e r  was i m p l a n t e d  
r e t r o p e r i t o n e a l l y  i n  a  s w i n e  a n d ,  
t h r e e  weeks  l a t e r ,  t h e  h e a t e r  s u r g i -  
c a l l y  r e p l a c e d  w i t h  a  2 9 - w a t t  
2 3 8 ~ ~ 1 6 0 2  h e a t  s o u r c e .  T h i r t y  d a y s  
l a t e r ,  pos tmor tem e x a m i n a t i o n  r e -  
v e a l e d  t h a t  mos t  o f  t h e  s c a r  c a p s u l e  
a r o u n d  t h e  d e v i c e  was g r o s s l y  h e a l t h y  
i n  a p p e a r a n c e  w i t h  n e c r o s i s  o f  o n l y  
t h e  b a s a l  l a y e r  o f  t i s s u e  i m m e d i a t e l y  
a g a i n s t  t h e  s u r f a c e  o f  t h e  h e a t e r .  
i n z r o w t h  t o  t h e  d a c r o n  v e l o u r  c o v e r -  
I I,:; was good e x c e p t  o v e r  t h e  c a p  r e -  

r i i , / r - ( i  l o r  i n s e r t i o n  o f  t h e  h e a t  

( a )  E n g i n e e r i n g  T e c h n o l o g y  D e p a r t m e n t  

s o u r c e  a t  t h e  s e c o n d  o p e r a t i o n ,  where  
i n g r o w t h  was a p p a r e n t l y  p r e v e n t e d  by 
t h e  h i g h  s u r f a c e  t e m p e r a t u r e .  

To d e c i d e  w h e t h e r  t h i s  d i s c o i d  d e -  
s i g n  wou ld  s u f f i c e ,  a n d  t o  o b t a i n  a d -  
d i t i o n a l  i n f o r m a t i o n  on t o l e r a b l e  
h e a t  f l u x ,  a  d i s c o i d  was  p r e p a r e d  
i d e n t i c a l  t o  t h e  one  above  b u t  w i t h  
a n  i n s u l a t i n g  c a p  and  an  i n s u l a t i n g  
a n n u l u s  a r o u n d  t h e  p e r i p h e r y  o f  t h a t  
c a p .  The d i s c o i d  was i m p l a n t e d  r e t r o -  
p e r i t o n e a l l y  i n  a  s w i n e  and  a l l o w e d  
t o  h e a l  f o r  two m o n t h s .  By means o f  
a  s m a l l  b a r  magne t  i n  t h e  d i s c o i d  c a p  
a n d  a  s t u d  f i n d e r ,  t h e  a r e a  of  t h e  
c a p  was e x p o s e d  a t  a  s e c o n d  o p e r a t i o n  
a n d  a  2 9 - w a t t  h e a t  s o u r c e  i n s e r t e d .  
The s c a r  c a p s u l e  i n  t h e  o p e r a t i o n  
a r e a  was g r o s s l y  h e a l t h y  a n d  w e l l  a t -  
t a c h e d  t o  t h e  d a c r o n  v e l o u r  s u r f a c e .  



S u r f a c e  t e m p e r a t u r e  was m o n i t o r e d  
t e l e m e t r i c a l l y  o v e r  t h e  n e x t  23 days  
( F i g u r e  3 0 . 1 ) .  I t  i n c r e a s e d  t o  
a b o u t  115°F i n  a  few d a y s ,  t e n d e d  t o  
p l a t e a u  f o r  t h e  n e x t  1 0 - 1 1  d a y s ,  t h e n  
b e g a n  t o  i n c r e a s e  s l o w l y ,  r e a c h i n g  
a b o u t  125°F  23 d a y s  a f t e r  s o u r c e  i n -  
s e r t i o n .  T h i s  c l e a r l y  i n d i c a t e d  t i s -  
s u e  n e c r o s i s  a r o u n d  t h e  d e v i c e ,  s o  
t h e  a n i m a l  was s a c r i f i c e d .  A s  e x -  
p e c t e d ,  a l l  t i s s u e  i n  t h e  v i c i n i t y  o f  
t h e  d e v i c e  was b a k e d  a n d  n e c r o t i c .  
Because  t h e  i n s u l a t i n g  c a p  and annu-  
l u s  r e d u c e d  t h e  c o n d u c t i n g  s u r f  a c e  
a r e a  o f  t h e  d i s c o i d  b y  a b o u t  100 cm2,  
t h e  r e s u l t i n g  a v e r a g e  h e a t  f l u x  was 
0 . 0 4 1  w a t t s / c m 2 ,  s u p p o r t i n g  o u r  e a r -  
l i e r  f i n d i n g s  which  s e t  t h e  maximum 
t o l e r a b l e  f l u x  a t  0 . 0 3  w a t t s / c m 2  o r  
l e s s .  The d i s c o i d ,  t h e r e f o r e ,  i s  i n -  
a d e q u a t e  f o r  l o n g - t e r m  i m p l a n t a t i o n  
o f  2 9 - w a t t  s o u r c e s .  
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FIGURE 3 0 . 1 .  I m p l a n t - t i s s u e  I n t e r -  
f a c e  T e m p e r a t u r e  V a r i a t i o n  w i t h  Time 
a f t e r  I n s e r t i o n  o f  a  2 9 - w a t t  
2 3 8 ~ ~ 1 6 0 2  H e a t  S o u r c e .  The d i s c o i d  
s o u r c e  h o l d e r  was i m p l a n t e d  i n  t h e  
r e t r o p e r i t o n e a l  r e g i o n  o f  a  s w i n e  a n d  
a l l o w e d  t o  h e a l  i n  p l a c e  p r i o r  t o  i n -  
s e r t i n g  t h e  s o u r c e  a t  a  s e c o n d  
o p e r a t i o n .  

I n  a n o t h e r  a t t e m p t  t o  s o l v e  t h e  
p r o b l e m ,  we s u r g i c a l l y  c r e a t e d  a  r e -  
t r o p e r i t o n e a l  s p a c e  on one s i d e  o f  a  
s w i n e  which r e p r e s e n t e d  t h e  maximum 
s p a c e  a t t a i n a b l e  a n d ,  b a s e d  on mea- 
s u r e m e n t s  of t h i s  s p a c e ,  d e s i g n e d  an 
i r r e g u l a r  s o u r c e  h o l d e r  h a v i n g  a  
t o t a l  s u r f a c e  a r e a  of a b o u t  1200 cm2 
( F i g u r e  3 0 . 2 ) .  T h i s  i s  c u r r e n t l y  
b e i n g  e q u i p p e d  w i t h  t e m p e r a t u r e  t e l e m -  
e t r y ,  a f t e r  which  i t  w i l l  b e  c o v e r e d  
w i t h  d a c r o n  v e l o u r ,  s t e r i l i z e d  b y  
gamma i r r a d i a t i o n  and  i m p l a n t e d  i n  a  
s w i n e .  When a  2 9 - w a t t  s o u r c e  i s  i n -  
s e r t e d ,  a v e r a g e  s u r f a c e  h e a t  f l u x  
w i l l  b e  a b o u t  0 . 0 2 4  w a t t s / c m 2 .  I f  
t h i s  p r o v e s  t o  b e  a n  a c c e p t a b l e  d e -  
s i g n ,  i t  w i l l  b e  u s e d  f o r  l o n g - t e r m  
i m p l a n t a t i o n  o f  2 9 - w a t t  s o u r c e s .  

Our p r e v i o u s  r e p o r t  d e s c r i b e d  t h e  
b e g i n n i n g  o f  a n  e x p e r i m e n t  i n  w h i c h  a  
d i s c o i d  s i m i l a r  t o  t h o s e  d e s c r i b e d  
above  was e q u i p p e d  w i t h  t e m p e r a t u r e  
t e l e m e t r y  and  c o o l a n t  t u b i n g  c o i l s  
a r o u n d  t h e  s o u r c e  c a v i t y .  A 2 9 - w a t t  
p l u t o n i u m  h e a t  s o u r c e  was i n s e r t e d  i n  
t h e  d i s c o i d  a n d  t h e  d i s c o i d  i m p l a n t e d  
r e t r o p e r i t o n e a l l y  i n  a  s w i n e  w i t h  
c o o l a n t  t u b i n g  e x i t i n g  p e r c u t a n e o u s l y .  
Wate r  f l o w  t h r o u g h  t h e  t u b i n g  was con-  
t r o l l e d  a u t o m a t i c a l l y  t o  m a i n t a i n  t h e  
d e v i c e  s u r f a c e  t e m p e r a t u r e  a t  a  p r e -  
s e t  v a l u e .  The i n t e n t  was t o  d e t e r -  
mine t h e  f e a s i b i l i t y  o f  p e r c u t a n e o u s  
s o u r c e  c o o l i n g  d u r i n g  t h e  e a r l y  p o s t -  
o p e r a t i v e  p e r i o d  a n d  s e e  i f ,  a f t e r  a  
s u f f i c i e n t  p e r i o d  o f  t i m e ,  c o o l a n t  
f l o w  would d e c r e a s e  t o  z e r o  a s  h e a l -  
i n g  i n  t h e  p r e s e n c e  of e l e v a t e d  tem- 
p e r a t u r e  p r o g r e s s e d .  The s u r f  a c e  
t e m p e r a t u r e  was m a i n t a i n e d  a t  104OF 
f o r  t h r e e  w e e k s ,  t h e n  d e l i b e r a t e l y  
i n c r e a s e d  t o  106°F .  

T h i s  p r e p a r a t i o n  f u n c t i o n e d  f o r  
two months and  d e m o n s t r a t e d  t h e  f e a s i -  
b i l i t y  o f  p e r c u t a n e o u s  s o u r c e  c o o l -  
i n g .  U n f o r t u n a t e l y ,  b e c a u s e  o f  one  
power i n t e r r u p t i o n  and s e v e r a l  i n -  
t e r r u p t i o n s  i n  c o o l a n t  f l o w  due  t o  
t h e  a n i m a l  m u t i l a t i n g  t h e  c o o l i n g  
t u b i n g ,  t h e r e  were  s e v e r a l  e x c u r s i o n s  
i n  d e v i c e  t e m p e r a t u r e  which  r e s u l t e d  
i n  a  l o s s  of t i s s u e  a t t a c h m e n t  and  
t h e  f o r m a t i o n  o f  a  l a r g e  s e r o m a .  
Thus we d i d  n o t  a t t a i n  t h e  s e c o n d  ob-  
j e c t i v e  o f  t h i s  e x p e r i m e n t .  Work 
d e s c r i b e d  t o  u s  by F.  A .  K a l l f e l z ,  
C o r n e l l  U n i v e r s i t y  s u g g e s t s  t h a t  
c o o l a n t  f l o w  c a n  i n d e e d  b e  g r a d u a l l y  
r e d u c e d  i n  s u c h  p r e p a r a t i o n s ,  b u t  t h e  
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FIGURE 3 0 . 2 .  S k e t c h  o f  t h e  New I m p l a n t  D e s i g n  f o r  
H o l d i n g  a  L 3 8 ~ ~ 1 6 0 2  H e a t  S o u r c e .  T h i s  w i l l  occupy 
v i r t u a l l y  a l l  o f  t h e  a v a i l a b l e  r e t r o p e r i t o n e a l  s p a c e  i n  
one  s i d e  o f  a  m i n i a t u r e  s w i n e .  The magne t  i n  t h e  
s o u r c e  c a v i t y  c a p  i s  f o r  l o c a t i n g  t h e  c e n t e r  o f  t h e  
c a p  d u r i n g  s u b s e q u e n t  s u r g e r y  ( s e e  t e x t ) .  

s u r f a c e  t e m p e r a t u r e  m u s t  a t  a l l  t i m e s  
b e  t i s s u e - t o l e r a b l e  i f  t h e  p r e p a r a -  
t i o n  i s  t o  e n d u r e .  

One a l t e r n a t i v e  me thod  o f  c o o l i n g  
an  a b d o m i n a l l y  l o c a t e d  h e a t  s o u r c e ,  
p r o p o s e d  some t i m e  a g o ,  was t o  t r a n -  
s e c t  t h e  t h o r a c i c  a o r t a  a n d  r e r o u t e  
f l o w  t h r o u g h  a n  a r t e r i a l  p r o s t h e s i s  
c o n n e c t e d  t o  a  s o u r c e - c o n t a i n i n g  h e a t  
e x c h a n g e r  i n  t h e  abdomen,  c o n t i n u i n g  
o n  t h e  o t h e r  s i d e  o f  t h e  e x c h a n g e r  
w i t h  a r t e r i a l  p r o s t h e s i s  t o  an e n d -  
t o - s i d e  a n a s t o m o s i s  w i t h  t h e  p o s t -  
r e n a l  a o r t a .  We p e r f o r m e d  s u c h  a  by-  
p a s s  o p e r a t i o n  on a  s w i n e ,  minus  t h e  
h e a t  e x c h a n g e r ,  t o  a s s e s s  t h e  f e a s i -  
b i l i t y  o f  s u c h  a n  a p p r o a c h  f o r  a  l o n g -  
t e r m  p r e p a r a t i o n  ( y e a r s ) .  The a n i m a l  
was s a c r i f i c e d  1 8  months  a f t e r  t h e  
b y p a s s  o p e r a t i o n .  

The b y p a s s  was p a t e n t  t h r o u g h o u t ,  
b u t  t h e  t i s s u e  which  h a d  b u i l t  up on 
t h e  i n n e r  s u r f a c e  o f  t h e  p r o s t h e s i s  
was v e r y  t h i c k  ( 3  mm minimum) a n d  i n  
two l o c a t i o n s ,  o n e  where  t h e  p r o s -  
t h e s i s  p a s s e d  t h r o u g h  t h e  d i a p h r a g m ,  
t h e  lumen was r e d u c e d  t o  a  d i a m e t e r  
o f  c a .  1 m m .  T h e r e  i s  l i t t l e  d o u b t  
t h a t  t o t a l  o c c l u s i o n  wou ld  e v e n t u -  
a l l y  h a v e  r e s u l t e d .  The d e v e l o p m e n t  
i n  s w i n e  o f  s u c h  t h i c k  " p s e u d o i n t i m a l "  
l i n i n g s  i n  p r o s t h e s e s  h a s  b e e n  r e -  
p o r t e d  by o t h e r s ,  and  we h a v e  con-  
c l u d e d  t h a t  s u c h  a  p r e p a r a t i o n  c o u l d  
n o t  b e  r e l i e d  upon f o r  l o n g -  t e r m  
s t u d i e s .  

I t  i s  o f  i n t e r e s t  t o  e s t i m a t e  how 
much t i s s u e  s u r r o u n d i n g  a  h o t  i m p l a n t  
i s  i n v o l v e d  i n  c a r r y i n g  away t h e  h e a t .  
R e p o r t e d  t i s s u e  c o n d u c t i v i t i e s  v a r y  



w i d e l y  due t o  a n i m a l  u s e d ,  t i s s u e  
t y p e ,  d e g r e e  o f  t r a u m a  i n f l i c t e d ,  
t i s s u e  v a s c u l a r i t y  a n d  p e r f u s i o n  r a t e ,  
v a s o a c t i v i t y  i n  r e s p o n s e  t o  l o c a l  
h e a t i n g  a n d  a u t o n o m i c  f a c t o r s ,  a n d  e x -  
p e r i m e n t a l  t e c h n i q u e .  A s  a n  e x a m p l e ,  
h o w e v e r ,  t h e  a v e r a g e  c o n d u c t i v i t y  o f  
r a b b i t  s u b c u t a n e o u s  t i s s u e s  h a s  b e e n  
r e p o r t e d  b y  one  g r o u p ( 1 )  t o  b e  a b o u t  
0 . 0 1  W/(cm.OC). 

Us ing  i m p l a n t s  w i t h  volumes r a n g -  
i n g  f rom 71 t o  o v e r  1500 cm3, we h a v e  
m e a s u r e d  c o n d u c t a n c e  i n  t h e  s w i n e .  
Our v a l u e s  r a n g e d  f rom 0 . 0 1 0  t o  
0 . 0 3 5  W/(cm2. OC) . Combining t h e s e  r e -  
s u l t s  w i t h  t h e  a b o v e  c o n d u c t i v i t y  
v a l u e ,  we c o n c l u d e  t h a t  t h e  e f f e c t i v e  
s i n k  d i s t a n c e  i s  1 - 4  cm, i n d i c a t i n g  
t h a t  a  r e l a t i v e l y  s m a l l  amount o f  t i s -  
s u e  n e a r  t h e  i m p l a n t  s u r f a c e  i s  r e -  
s p o n s i b l e  f o r  t r a n s f e r  o f  h e a t  f r o m  
t h e  i m p l a n t .  T h i s  i s  what  one  would  
e x p e c t ,  a n d  i t  means t h a t  t o  m i n i m i z e  
t e m p e r a t u r e  one  m u s t  ( 1 )  maximize  d e -  
v i c e  s u r f a c e  a r e a  a n d  ( 2 )  e n c o u r a g e  
t h e  f o r m a t i o n  o f  h i g h l y  v a s c u l a r  t i s -  
s u e  a r o u n d  t h e  i m p l a n t .  

I f  we assume t h a t  a  s h e l l  o f  t i s -  
s u e  a b o u t  1 cm t h i c k  a r o u n d  t h e  new 
s o u r c e  h o l d e r  d i s c u s s e d  e a r l i e r  
( s u r f a c e  a r e a  1200 cm2) mus t  c a r r y  
away t h e  h e a t  f rom a  2 9 - w a t t  s o u r c e  
i n  t h a t  h o l d e r ,  t h e  a v e r a g e  r a t e  of  
h e a t  t r a n s f e r  p e r  u n i t  o f  volume o f  
t i s s u e  i n  t h e  s h e l l  i s  a b o u t  
0 .02 w a t t s / c m 3 ,  t o  which  mus t  b e  
added  t h e  r e l a t i v e l y  s m a l l  c o n t r i b u -  
t i o n  o f  m e t a b o l i c  h e a t  p r o d u c t i o n  i n  
t h e  s h e l l  t i s s u e .  T h i s  i s  c o m p a r a b l e  
t o  t h e  r a t e  of  h e a t  p r o d u c t i o n  i n  
h i g h l y  m e t a b o l i c  t i s s u e s ,  e . g .  m a l i g -  
n a n c i e s ( l 1 ,  which r a i s e s  t h e  r e a l  p o s -  
s i b i l i t y  t h a t  c h a n g e s  i n  t i s s u e  s u r -  
r o u n d i n g  a  h o t  i m p l a n t  may r e s u l t  
o v e r  t h e  l o n g  t e r m  e v e n  t h o u g h  t h e  
s u r f a c e  h e a t  f l u x  (and  t e m p e r a t u r e )  
i s  t o l e r a b l e  o v e r  r e l a t i v e l y  s h o r t  
p e r i o d s .  One o b j e c t i v e  o f  o u r  p r o j -  
e c t  i s  t o  r e s o l v e  t h a t  q u e s t i o n .  

1. N i l s s o n ,  S .  K .  and  G u s t a f s s o n ,  
S .  E . ,  S u r f a c e  t e m p e r a t u r e  o v e r  a n  
i m p l a n t e d  a r t i f i c i a l  h e a t  s o u r c e .  
Phys .  bled. B i o l .  1 9 :  6 7 7 - 6 9 1 ,  1974 .  - 



ARTIFICIAL HEART PROGRAM - RECIPIENT RADIATION EXPOSURE 

Person  i n  Charge:  F .  T .  Cross  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  de t e rmine  t h e  dose from r a d i o i s o t o p i c  

h e a t  s o u r c e s  proposed  f o r  u se  i n  c i r c u l a t o r y  s u p p o r t  sy s t ems .  Involved  a r e  

c o n s i d e r a t i o n s  of  h e a t  s o u r c e s  and r a d i o i s o t o p e  sys tems  d e s i g n ,  m a t e r i a l s ,  

r a d i a t i o n  dos ime t ry  t o  v a r i o u s  t i s s u e s ,  and t h e  e s t i m a t i o n  of  b i o l o g i c a l  

e f f e c t s .  

Dose measurements a r e  made w i t h  p r o t o t y p e  h e a t  s o u r c e s  p l a c e d  i n  v a r i o u s  

t i s s u e - e q u i v a l e n t  phantoms.  Computer codes a r e  deve loped  o r  adap t ed  t o  simu- 

l a t e  t h e  r e s u l t s  o f  t h e s e  measurements .  The codes a r e  t h e n  used  i n  p a r a -  

m e t r i c  dose  r a t e  s t u d i e s ,  such  a s  s t u d i e s  of s h i e l d i n g  r e q u i r e m e n t s ,  and f o r  

t h e  c a l c u l a t i o n  of  dose  r a t e s  t o  v a r i o u s  o rgans  and t i s s u e s  t h a t  a r e  n o t  

e a s i l y  measured i n  v i v o .  

C u r r e n t l y ,  expe r imen t s  a r e  c o n t i n u i n g  t o  de t e rmine  t h e  dose  t o  b y s t a n d e r s  

r e s u l t i n g  from t h e i r  exposure  t o  a  r e c i p i e n t  o f  an  a r t i f i c i a l  h e a r t .  Dosim- 

e t r y  a s s i s t a n c e  w i l l  a l s o  be p rov ided  f o r  animal  expe r imen t s  de s igned  t o  

de t e rmine  t h e  combined e f f e c t s  of h e a t  and r a d i a t i o n  i n  sw ine .  

PUBLICATIONS SINCE JANUARY, 1973 

C r o s s ,  F.  T .  1975 .  Dose Rates  t o  a  
Bys tander  from a n  A r t i f i c i a l  H e a r t  
~ b w e r  Sou rce .  H e a l t h  Phys.  29, 350- - - - - 



ARTIFICIAL HEART PROGRAM - POPULATION RADIATION EXPOSURE 

P e r s o n  i n  Charge :  R .  W .  McKee 

S u c c e s s f u l  deve lopment  and r o u t i n e  u s e  o f  2 3 8 P u - f u e l e d  a r t i f i c i a l  h e a r t  

d e v i c e s  would e x p o s e  p e r s o n s  i n  t h e  v i c i n i t y  o f  t h e s e  d e v i c e s  t o  s m a l l  amounts 

of r a d i a t i o n .  The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  d e v e l o p  c o m p r e h e n s i v e  e s t i -  

ma tes  o f  t h e s e  l o w - l e v e l  r a d i a t i o n  d o s e s  s o  t h a t  t h e  p h y s i o l o g i c a l  i m p l i c a -  

t i o n s  t o  p e r s o n s  o t h e r  t h a n  t h e  d e v i c e  u s e r s  c a n  b e  e v a l u a t e d .  

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

s u b d i v i d e d  i n t o  s m a l l e r  g r o u p s  whose d a i l y  a c t i v i t i e s  c a n  b e  i d e n t i f i e d  by 

sample  s u r v e y  t e c h n i q u e s .  Dose c a l c u l a t i o n s  f o r  a l l  of  t h e  a c t i v i t i e s  a r e  

summed f o r  a l l  u s e r  g r o u p s  t o  e s t i m a t e  t h e  p o p u l a t i o n  d o s e .  E s s e n t i a l  compo- 

n e n t s  o f  t h e  s t u d y  i n c l u d e  ( 1 )  p r o j e c t i o n s  o f  t h e  p o t e n t i a l  a r t i f i c i a l  h e a r t  

u s e r s  by a g e ,  s e x ,  h o u s e h o l d  c h a r a c t e r i s t i c s ,  e t c . ,  ( 2 )  s u r v e y s  t o  d e v e l o p  

t i m e - d i s t a n c e  r e l a t i o n s h i p s  be tween  p o t e n t i a l  r e c i p i e n t s  and o t h e r  p e r s o n s ,  

( 3 )  c a l c u l a t i o n s  o f  r a d i a t i o n  d o s e  f a c t o r s ,  and  ( 4 )  deve lopment  o f  a  c o m p u t e r  

program t o  sum and c l a s s i f y  t h e  p o p u l a t i o n  d o s e .  

Us ing  t h i s  a p p r o a c h ,  t h e  p o p u l a t i o n  d o s e  h a s  been  e s t i m a t e d  o v e r  a  wide  

r a n g e  o f  p o s s i b l e  c o n d i t i o n s .  F o r  t h e  y e a r  2000 t h e  e s t i m a t e d  r a n g e  i s  f rom 

60 ,000  t o  500 ,000  rem.  A  d e t a i l e d  t o p i c a l  r e p o r t  d e s c r i b i n g  t h e s e  r e s u l t s  

i s  i n  t h e  p r o c e s s  o f  f i n a l  e d i t i n g  and r e v i e w  p r i o r  t o  p u b l i c a t i o n .  

A m a j o r  u n c e r t a i n t y  i n  d e t e r m i n i n g  p o p u l a t i o n  d o s e ,  and t h e  p r i n c i p a l  

r e a s o n  f o r  t h e  wide  r a n g e  o f  e s t i m a t e s ,  i s  t h e  p r o j e c t e d  demand f o r  a r t i f i -  

c i a l  h e a r t s .  A d d i t i o n a l  work h a s  b e e n  p r o p o s e d  t o  i d e n t i f y  t h i s  r e q u i r e m e n t ,  

employ ing  a  p a n e l  o f  c a r d i o l o g i s t s  and s u r g e o n s  t o  d e f i n e  c r i t e r i a  f o r  

a r t i f i c i a l  h e a r t  e l i g i b i l i t y .  

PUBLICATIONS SINCE JANUARY, 1973 

McKee, R .  W . ,  L .  L .  C l a r k ,  B .  M .  C o l e  
and R.  A. L ibby .  1974 .  Dose t o  t h e  
P o p u l a t i o n  ~ s t i m a t e s  f o r  Use o f  
R a d i o i s o t o p e - P o w e r e d  C a r d i a c  P a c e -  
makers .  BNWL-1858. 



ARTIFICIAL HEART PROGRAM - MEDICAL GRADE 2 3 8 P ~  FROM 2 4 1 A m  

P e r s o n  i n  Charge :  R .  W .  McKee 

For a p p l i c a t i o n s  i n  m e d i c a l  d e v i c e s  s u c h  a s  p a c e m a k e r s  and a r t i f i c i a l  

h e a r t s ,  a  s u p p l y  o f  2 3 8 ~ ~  w i t h  l e s s  t h a n  0 . 3  ppm of  2 3 6 P ~  i s  needed  b e c a u s e  

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

2 3 6 ~ ~ .  The p a s t  and c u r r e n t  p r i n c i p a l  s o u r c e  of 2 3 8 ~ ~  h a s  been t h r o u g h  

n e u t r o n  i r r a d i a t i o n  of 2 3 7 ~ p  i n  ERDA r e a c t o r s ,  w i t h  s u b s e q u e n t  c h e m i c a l  

s e p a r a t i o n  o f  t h e  2 3 8 ~ u  formed by n e u t r o n  c a p t u r e .  U n f o r t u n a t e l y ,  a  s m a l l  

amount o f  2 3 6 ~ ~  i s  a l s o  formed i n  t h i s  p r o c e s s .  Power r e a c t o r s  w i l l  be  d i s -  

c h a r g i n g  s p e n t  f u e l  c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  o f  241Am w h i c h ,  i f  

s e p a r a t e d ,  c o u l d  be  i r r a d i a t e d  t o  p r o d u c e  a  2 3 8 ~ ~  p r o d u c t  f r e e  of 2 3 6 ~ u .  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  e v a l u a t e  t h e  economics  and t e c h n i c a l  

p r a c t i c a b i l i t y  o f  p r o d u c i n g  m e d i c a l  g r a d e  2 3 8 P ~  by i r r a d i a t i n g  2 4 1 A m  r e c o v -  

e r e d  from s p e n t  power r e a c t o r  f u e l .  The 241Am t a r g e t  i r r a d i a t i o n  c o u l d  be  

p e r f o r m e d  i n  power r e a c t o r s .  

The s c o p e  of t h e  p r o j e c t  i n c l u d e s :  ( 1 )  p r o j e c t i n g  t h e  a v a i l a b i l i t y  o f  

2 4 1 A m ,  ( 2 )  i d e n t i f y i n g  t h e  f a c i l i t i e s  a n d  c o s t  f o r  amer ic ium r e c o v e r y ,  and  

( 3 )  i d e n t i f y i n g  t h e  optimum t a r g e t  i r r a d i a t i o n  and p r o c e s s i n g  c y c l e  and c o s t  

o f  p r o d u c i n g  2 3 8 ~ ~ .  
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I n v e s t i g a t o r :  

R .  W .  McKee ( a )  

S h i e l d i n g  r e q u i r e m e n t s  f o r  f a b r i c a t i o n  o f  a m e r i c i u m  t a r g e t s  

w e r e  e v a l u a t e d ,  a  p r e l i m i n a r y  f l o w s h e e t  f o r  p r o c e s s i n g  t h e  i r r a -  

d i a t e d  Am t a r g e t s  was d e v e l o p e d ,  and t h e  AMRAD c o m p u t e r  p r o g r a m ,  

which  mode l s  t h e  i r r a d i a t i o n  c y c l e ,  was improved .  

D u r i n g  t h e  p r e v i o u s  y e a r  t h e  p h y s -  
i c a l  c o n s t r a i n t s  i n  t h e  ALTHAEA com- 
p u t e r  c o d e  were  c a l i b r a t e d  t o  p r o -  
d u c e  i r r a d i a t i o n  c a l c u l a t i o n s  t h a t  
ma tched  e x p e r i m e n t a l  d a t a  f o r  
a m e r i c i u m  and c u r i u m  c o m p o s i t i o n s ;  
i r r a d i a t i o n  c a l c u l a t i o n s  f o r  s p e n t  
p o w e r - r e a c t o r  f u e l  a n d  a m e r i c i u m  
t a r g e t  c o m p o s i t i o n s  were  computed ;  
d e v e l o p m e n t  o f  t h e  AMRAD c o m p u t e r  
p rogram f o r  a n a l y s i s  o f  t h e  2 4 1 A m  
t a r g e t  i r r a d i a t i o n  c y c l e  was b e g u n ;  
and p r e l i m i n a r y  e s t i m a t e s  o f  t h e  c o s t  
o f  r e c o v e r i n g  2 4 1 ~ m  f r o m  s p e n t  power 
r e a c t o r  f u e l  were  made. The p a s t  
y e a r ' s  work i n c l u d e d  d e t e r m i n a t i o n  
o f  s h i e l d i n g  r e q u i r e m e n t s  f o r  f a b r i -  
c a t i o n  o f  a m e r i c i u m  t a r g e t s ,  d e v e l o p -  
ment  o f  a  p r e l i m i n a r y  f l o w s h e e t  f o r  
p r o c e s s i n g  t h e  i r r a d i a t e d  2 4 1 ~ m - 2 4 3 A m  
m i x t u r e ,  and f u r t h e r  d e v e l o p m e n t  o f  
t h e  AMRAD c o m p u t e r  p rogram t o  p r o v i d e  
a  more d e t a i l e d  d e s c r i p t i o n  o f  t h e  
p r o d u c t i o n  c y c l e .  

A n a l y s e s  o f  s h i e l d i n g  r e q u i r e m e n t s  
f o r  amer ic ium t a r g e t  f a b r i c a t i o n  i n d i -  
c a t e  t h a t  e s t i m a t e d  p h o t o n  d o s e  r a t e s  
f rom 243Am02 i n  t h e  p r o c e s s e d  m a t e -  
r i a l  and i n  t h i n  d u s t  f i l m s  w i l l  p r o b -  
a b l y  p r e c l u d e  t a r g e t  f a b r i c a t i o n  i n  

g l o v e b o x e s .  T a b l e  3 3 . 1  i n d i c a t e s  
d o s e  r a t e s  t h r o u g h  60-ml  l e a d  g l o v e s  
f rom t h e  s u r f a c e  o f  a  c o n t a i n e r  h o l d -  
i n g  114 g  o f  v a r i o u s  2 4 1 ~ m - 2 4 3 ~ m  mix-  
t u r e s .  T a b l e  3 3 . 2  shows e s t i m a t e d  
d o s e  r a t e s  f rom t h i n  d u s t  l a y e r s  
i n s i d e  g l o v e b o x e s  and t h e  t i m e  a v a i l -  
a b l e  f o r  u s i n g  g l o v e s  b e f o r e  a  
7 5  r a d / y r  e x t r e m i t y  e x p o s u r e  l i m i t  i s  
r e a c h e d .  I t  a p p e a r s  t h a t  i t  w i l l  
n o t  b e  p r a c t i c a l  t o  p r o c e s s  Arne2  i n  

- -  

TABLE 33 .1 .  Dose R a t e s  f rom t h e  
S u r f a c e  o f '  a  C o n t a i n e r ,  t h r o u g h  
6 0 - m i l  Heavy Lead Gloves  f o r  
V a r i o u s  241Am-243Am M i x t u r e s  
T o t a l l i n g  1 1 4  g .  

DOSE RATE, 
I SOTOPIC MIXTLIRES radslyr 

100% 2 4 1 ~ m  18.7 

( a )  Sys tems  E n g i n e e r i n g  D e p a r t m e n t  



TABLE 3 3 . 2 .  E s t i m a t e d  Dose R a t e s  t o  
Hands f rom T h i n  Dus t  L a y e r s  on t h e  
S u r f a c e  o f  6 0 - m i l    loves and  o n  t h e  
I n s i d e  o f  t h e  G l o v e b o x e s .  

T I M E  REQUIRED TO A l l A I N  
DOSE RATE 75 R lyr  EXPOSURE L I M I T ,  

- 
mrads lhr  l SOTOPIC MIX= h o u r s  

any g l o v e b o x  o p e r a t i o n  i n  w h i c h  d u s t  
i s  g e n e r a t e d .  C a l c u l a t i o n s  f o r  
r e m o t e - p r o c e s s i n g  s h i e l d i n g  r e q u i r e -  
m e n t s  f o r  k i l o g r a m  q u a n t i t i e s  o f  Am02 
i n d i c a t e  t h a t  a  2 . 5 4 - c m - t h i c k  l e a d  
p h o t o n  s h i e l d  a n d  1 5 . 2 - c m - t h i c k  n e u -  
t r o n  s h i e l d  s h o u l d  b e  a d e q u a t e .  

I n  d e v e l o p i n g  t h e  p r e l i m i n a r y  f l o w -  
s h e e t  f o r  r e  r o c e s s i n g  o f  t h e  i r r a d i -  
a t e d  2 4  Am- 2P3Am t a r g e t s ,  t h r e e  a r e a s  
were  i d e n t i f i e d  on w h i c h  more work i s  
n e e d e d :  ( a )  t h e  n a t u r e  o f  t h e  t a r g e t  
d i l u e n t ,  ( b )  t h e  c h o i c e  b e t w e e n  s o l -  
v e n t  e x t r a c t i o n  o r  i o n  e x c h a n g e  f o r  
p l u t o n i u m  r e m o v a l ,  a n d  ( c )  r a d i o -  
i o d i n e  c o n t r o l .  Both  Zr02  and a l u m i -  
num c e r m e t  t a r g e t  d i l u e n t s  w e r e  f o u n d  
t o  b e  o b j e c t i o n a b l e - - t h e  Zr02  b e c a u s e  
d i s s o l u t i o n  i s  v e r y  d i f f i c u l t  a n d  t h e  
A 1  c e r m e t  b e c a u s e  of  i t s  l e a c h a b i l i t y ,  
r e s u l t i n g  i n  p o s s i b l e  c o n t a m i n a t i o n  
of power r e a c t o r  c o o l a n t .  A  p o s s i b l e  
s o l u t i o n ,  w h i c h  n e e d s  f u r t h e r  i n v e s t i -  
g a t i o n ,  may b e  a  g r a p h i t e  d i l u e n t .  

The t e c h n o l o g y  o f  b o t h  i o n  e x -  
c h a n g e  a n d  s o l v e n t  e x t r a c t i o n  s y s t e m s  
f o r  Pu s e p a r a t i o n s  i s  w e l l  d e v e l o p e d ,  
b u t  t h e  p r e s e n c e  o f  2 4 2 C m  i n  t h e  s y s -  
tem u n d e r  c o n s i d e r a t i o n  p r e s e n t s  p r o b -  
l e m s .  B e c a u s e  o f  t h e  l a r g e  amount o f  
h e a t  F e n e r a t e d  ( c l 2 0  w a t t s / g r a m )  by  
t h e  2 ~ m ,  t h e  d i a m e t e r  o f  i o n -  
e x c h a n g e  co lumns  m u s t  be  l i m i t e d  t o  
4 i n c h e s  t o  p r e v e n t  runaway e x o t h e r -  
m i c  r e s i n  o x i d a t i o n  by  n i t r i c  a c i d .  
B e c a u s e  o f  t h i s  l i m i t  o n  t h r o u g h p u t ,  

a  s i n g l e  i o n  e x c h a n g e  l i n e  f o r  Pu 
s e p a r a t i o n  wou ld  p r o b a b l y  be  f e a s i b l e  
o n l y  f o r  a n  a n n u a l  p r o d u c t i o n  o f  
500 kg 2 3 8 ~ ~  o r  l e s s ,  u s i n g  a  c o n t i n u -  
o u s  p r o c e s s i n g  f a c i l i t y .  T h i s  i s  
more t h a n  a d e q u a t e ,  however ,  f o r  p r o -  
j e c t e d  m e d i c a l  g r a d e  2 3 8 ~ ~  r e q u i r e -  
m e n t s  d u r i n g  t h e  e a r l y  y e a r s  o f  
p r o d u c t i o n .  

S o l v e n t  e x t r a c t i o n  s y s t e m s  d o  n o t  
h a v e  t h e  t h r o u g h p u t  l i m i t a t i o n s  o f  
t h e  i o n  e x c h a n g e  s y s t e m ,  b u t  p r e s e n t  
o t h e r  p r o b l e m s - - p r i n c i p a l l y  d e g r a d a -  
t i o n  o f  t h e  TBP s o l v e n t  by 2 4 2 C m  
r a d i o a c t i v i t y ,  and c o n s e q u e n t  l o s s  o f  
Pu i n  t h e  u n s t r i p p a b l e  r e a c t i o n  p r o d -  
u c t .  T h i s  c a n  b e  m i n i m i z e d  by  e i t h e r  
a q u e o u s  f e e d  d i l u t i o n  o r  u s e  o f  c e n -  
t r i f u g a l  c o n t a c t o r s  h a v i n g  s h o r t  r e s i -  
d e n c e  t i m e s .  I f  p r o c e s s i n g  of  t h e  
i r r a d i a t e d  Am m i x t u r e  i s  d o n e  o n  a  
campa ign  b a s i s  i n  a n  e x i s t i n g  f a c i l -  
i t y ,  i t  would  u n d o u b t e d l y  u s e  a  s o l -  
v e n t  e x t r a c t i o n  p r o c e s s .  O v e r a l l ,  
s o l v e n t  e x t r a c t i o n  a p p e a r s  t o  b e  t h e  
b e t t e r  c h o i c e  f o r  Pu s e p a r a t i o n .  

The y i e l d  o f  h i g h - q u a l i t y  2 3 8 ~ ~  
f rom a  s e c o n d  s e p a r a t i o n  p r o c e s s  i s  
max imized  by a l l o w i n g  a minimum c o o l -  
i n g  p e r i o d  b e f o r e  t h e  f i r s t  p l u t o n i u m  
s e p a r a t i o n .  However,  w i t h  a  s h o r t  
c o o l i n g  p e r i o d  1 3 1 1  l e v e l s  a r e  s i g n i f -  
i c a n t .  Based on c a l c u l a t e d  1 3 1 1  g e n -  
e r a t i o n  r a t e s ,  and  a s s u m i n g  a  c o o l i n g  
t i m e  o f  30 d a y s  b e f o r e  p r o c e s s i n g ,  
a p p r o x i m a t e l y  100 c u r i e s  o f  1 3 1 1  w i l l  
b e  g e n e r a t e d  p e r  k g  o f  2 3 8 ~ ~  s e p a -  
r a t e d .  At a  p r o d u c t i o n  l e v e l  o f  
500 kg o f  2 3 8 ~ ~  p e r  y e a r ,  a  d e c o n t a m -  
i n a t i o n  f a c t o r  (DF) o f  5  x l o 4  would  
b e  n e c e s s a r y  t o  l i m i t  r e l e a s e  t o  one  
c u r i e  p e r  y e a r .  F u r t h e r  work w i l l  be 
n e e d e d  t o  a c h i e v e  t h i s  h i g h  DF. 

Work h a s  c o n t i n u e d  on i m p r o v i n g  
t h e  AMRAD c o m p u t e r  c o d e ,  wh ich  m o d e l s  
t h e  e n t i r e  p r o d u c t i o n  c y c l e  f o r  p u r -  
p o s e s  o f  p r o d u c t i o n  and  c o s t  a n a l y s i s .  
T h i s  work h a s  b e e n  d i r e c t e d  t o w a r d s  
d e v e l o p i n g  a  more  d e t a i l e d  d e s c r i p -  
t i o n  of  t h e  p r o d u c t i o n  c y c l e  t o  i d e n -  
t i f y  o p e r a t i n g  c o n d i t i o n s  t h a t  would  
max imize  p r o d u c t i o n  of  h i g h  p u r i t y  
2 3 8 ~ ~ .  



EPA P a s s  Through  1 9 5  

ALVEOLAR CLEARANCE OF INHALED METAL OXIDES 

P e r s o n  i n  C h a r g e :  C .  L.  S a n d e r s  

M e t a l  o x i d e s  p r o d u c e d  d u r i n g  t h e  c o m b u s t i o n  o f  f o s s i l  f u e l s  f o r  e n e r g y  

p r o d u c t i o n  c o n s t i t u t e  a  p o t e n t i a l  h e a l t h  h a z a r d  t o  human p o p u l a t i o n s  l i v i n g  

n e a r ,  o r  w o r k i n g  i n ,  s u c h  f a c i l i t i e s .  A v a i l a b l e  i n f o r m a t i o n  on t h e  c e l l u l a r  

f a t e  o f  i n h a l e d  m e t a l  o x i d e s  i n d i c a t e s  t h a t  t h e  a l v e o l a r  macrophage and t h e  

t y p e  I  a l v e o l a r  e p i t h e l i a l  c e l l  p l a y  p r i m e  r o l e s  i n  d e t e r m i n i n g  t h e  e a r l y  

s p a t i a l - t e m p o r a l  d i s t r i b u t i o n  o f  m e t a l  o x i d e s ,  and  i n  t h e i r  s u b s e q u e n t  c l e a r -  

a n c e  f rom t h e  l u n g .  M e t a l  o x i d e s  t h a t  damage t h e  c e l l s  i n  which t h e y  a r e  

p h a g o c y t i z e d  may have  a  l o n g e r  r e t e n t i o n  t i m e  i n  t h e  l u n g ,  and c o n s t i t u t e  a  

g r e a t e r  h e a l t h  h a z a r d ,  t h a n  m e t a l  o x i d e s  t h a t  p r o d u c e  l i t t l e  damage and a r e  

more r a p i d l y  c l e a r e d .  

T h i s  p r o j e c t  w i l l  examine t h e  r o l e  o f  t h e  a l v e o l a r  macrophage ,  a l v e o l a r  

e p i t h e l i a l  c e l l s ,  and o t h e r  pu lmonary  c e l l s  i n  i n f l u e n c i n g  t h e  d i s t r i b u t i o n  

w i t h i n  t h e  l u n g ,  and  t h e  c l e a r a n c e  f rom t h e  l u n g ,  o f  s e v e r a l  i n h a l e d  m e t a l  

o x i d e s ,  i n i t i a l l y  t h o s e  o f  l e a d ,  cadmium and  m e r c u r y .  E l e c t r o n  m i c r o s c o p y  

w i l l  b e  employed t o  examine q u a n t i t a t i v e l y  t h e  d i s t r i b u t i o n  o f  m e t a l  o x i d e s  

i n  l u n g  c e l l s  and  t h e  damage which t h e y  c a u s e .  O t h e r  s t u d i e s  w i l l  a s s e s s  

t h e  d e g r e e  o f  i n h i b i t i o n  o f  c l e a r a n c e  o f  a  t e s t  a e r o s o l  g i v e n  a f t e r  m e t a l  

o x i d e  i n h a l a t i o n .  We w i l l  a l s o  examine  t h e  d e g r e e  of i n h i b i t i o n  o f  m e t h y l -  

c h o l a n t h r e n e - i n d u c e d  a r y l  h y d r o c a r b o n  h y d r o x y l a s e  a c t i v i t y  i n  a  s t i m u l a t e d  

p o p u l a t i o n  of macrophages  p r e v i o u s l y  l o a d e d  w i t h  m e t a l  o x i d e .  

T h i s  p r o j e c t  r e c e i v e d  EPA " P a s s  Through" f u n d i n g  i n  FY 1 9 7 6 .  R e p o r t a b l e  

r e s u l t s  have  n o t  y e t  b e e n  o b t a i n e d .  



EPA Pass Through 

EFFECTS OF SULFUR POLLUTANTS ON LUNG PtIYSIOLOGY AND BIOCHEMISTRY 

Person in Charge: S. M. Loscutoff 

This project seeks to define the vasoactive agents responsible for 

changes in pulmonary function during inhalation of sulfur pollutants. The 

guinea pig is known to be .highly sensitive to inhaled sulfur compounds, 

responding with an increased pulmonary resistance and a decreased pulmonary 

compliance. This response of the guinea pig is similar to that of humans 

with pre-existing pulmonary or cardiovascular disease. It is hoped that 

the definition of agents responsible for pulmonary changes in laboratory 

animals may suggest means of protecting sensitive individuals in the human 

population from air pollution episodes. 

Guinea pigs will be exposed to respirable mists of sulfuric acid at 

concentrations sufficient to produce rapid increases in pulmonary resis- 

tance. Pulmonary resistance and compliance will be monitored continuously 

from simultaneous measurements of pleural pressure, tidal volume and air 

flow. The influence of different vasoactive agents on the response to 

sulfuric acid will be assessed by pharmacologically blocking the action 

of each agent with specific inhibitory drugs. 

Upon completion of these initial studies, it will be important to 

determine whether other animal species respond in a manner similar to 

the guinea pig and whether other sulfur pollutants produce responses 

similar to those of sulfuric acid mists. These studies will provide a 

better understanding of events responsible for changes in puln~onary 

function during exposure to sulfur pollutants. Based on this information, 

the most effective means of protecting sensitive humans from air pollution 

crises may he suggested. 

This project received FF\  "Pass 'lhrough" funding in FY 1976. 

Reportable results are not yet available. 



EPA P a s s  Through 19 9  

COMBINED EFFECTS OF ACUTE A N D  CIlRONIC EXPOSURE 

TO C O .  N O ? .  SO? A N D  FLY ASH 

P e r s o n  i n  Charge :  S.  M .  L o s c u t o f f / A .  J .  G a n d o l f i  

T h i s  p r o j e c t  s e e k s  t o  d e f i n e  i n  a n  a n i m a l  model t h e  b i o l o g i c a l  e f f e c t s  o f  

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

l a r g e - s c a l e  f o s s i l - f u e l - b u r n i n g  power p l a n t s .  Most p r e v i o u s  s t u d i e s  r e l a t e d  

t o  t h e  h e a l t h  e f f e c t s  o f  a i r  p o l l u t a n t s  have  f o c u s e d  on one p o l l u t a n t  m a t e -  

r i a l  a d m i n i s t e r e d  a t  l e v e l s  h i g h e r  t h a n  a c t u a l  e n v i r o n m e n t a l  c o n c e n t r a t i o n s .  

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

a d m i n i s t e r e d  a t  a m b i e n t  c o n c e n t r a t i o n s .  

T h r e e  e x p o s u r e  g r o u p s  and  a  c o n t r o l  g r o u p  o f  r a t s  w i l l  be  e v a l u a t e d  d u r i n g  

t h e  i n i t i a l  p h a s e  o f  t h i s  s t u d y .  One g roup  w i l l  be  e x p o s e d  s i x  h o u r s  p e r  d a y ,  

f i v e  d a y s  p e r  week,  t o  an  a t m o s p h e r e  c o n t a i n i n g  N O x ,  SO2,  C O  and  f l y  a s h  i n  

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

d u r i n g  a  p l u m e - t r a p p i n g  e p i s o d e .  A s e c o n d  g roup  o f  r a t s  w i l l  be  exposed  o n  

t h e  same s c h e d u l e  t o  p o l l u t a n t  c o n c e n t r a t i o n s  a t  t e n  t i m e s  t h e  c o n c e n t r a t i o n s  

a d m i n i s t e r e d  t o  t h e  f i r s t  g r o u p .  A t h i r d  g r o u p  w i l l  be  exposed  t o  t h e  same 

a t m o s p h e r e  a s  g roup  t w o ,  b u t  w i t h  2 0 - m i n u t e  morn ing  a n d  a f t e r n o o n  e x p o s u r e s  

s i m u l a t i n g  e x p o s u r e  t o  a  l o o p i n g  p lume .  Group t h r e e  a n i m a l s  w i l l  be  e x p o s e d  

t o  t h e  same t o t a l  d o s e  o f  p o l l u t a n t  m a t e r i a l  a s  g r o u p  o n e ,  b u t  d o s e  r a t e s  i n  

t h e  two g r o u p s  w i l l  b e  v e r y  d i f f e r e n t .  

E f f e c t s  o f  p o l l u t a n t  e x p o s u r e  w i l l  b e  a s s e s s e d  f rom p h y s i o l o g i c a l ,  b i o -  

c h e m i c a l  and a n a t o m i c a l  e v a l u a t i o n s .  P h y s i o l o g i c a l  measurements  w i l l  e v a l u -  

a t e  flow-resistive and  e l a s t i c  p r o p e r t i e s  of t h e  l u n g .  B i o c h e m i c a l  m e a s u r e -  

m e n t s  w i l l  a s s e s s  a c u t e  damage t o  l u n g  f u n c t i o n ,  a d a p t i v e  c h a n g e s  making t h e  

l u n g  r e s i s t a n t  t o  r e p e a t e d  i n s u l t s ,  and c h r o n i c  c h a n g e s  i n  l u n g  m e t a b o l i s m .  

A n a t o m i c a l  c h a n g e s  w i l l  be  a s s e s s e d  f rom p e r i o d i c  h i s t o p a t h o l o g i c a l  e v a l u -  

a t i o n  o f  l u n g  s e c t i o n s  l rom exposed  animals. 

F o l l o w i n g  c o m p l e t i o n  of i n i t i a l  s t u d i e s ,  t h e  b e n e f i c i a l  e f f e c t s  o f  remov- 

i n g  e i t h e r  NO SO2,  C O  o r  f l y  a s h  f rom t h e  p o l l u t a n t  m i x t u r e  w i l l  be  e v a l u -  x '  
a t e d  t o  d e t e r m i n e  ~ , . h i c h  component c o n t r i b u t e s  mos t  t o  t h e  h a r m f u l  e f f e c t s  of 

p o l l u t a n t  e x p o s u r e .  R e s u l t s  of t h e s e  s t u d i e s  s h o u l d  s u g g e s t  t h e  most  e f f e c t -  

i v e  means of r e d u c i n g  t h e  h e a l t h  r i s k s  t o  human p o p u l a t i o n s  l i v i n g  n e a r  

f o s s i l - f u e l  p l a n t s .  

T h i s  p r o j e c t  r e c e i v e d  EPA " P a s s  Through" f u n d i n g  i n  FY 1 9 7 6 .  R e p o r t a b l e  

r e s u l t s  a r e  n o t  y e t  a v a i l a b l e .  
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FACTORS INFLUENCING THE CROSS-PLACENTAL TRANSFER AND 

TERATOGENIC ITY OF METALLIC POLLUTANTS 

P e r s o n  i n  C h a r g e :  M .  R .  S i k o v  

T h i s  p r o j e c t  w i l l  s e e k  t o  d e f i n e  t h e  s p e c i f i c  i n f l u e n c e s  o f  f a c t o r s  

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

t i o n  t h r o u g h o u t  t h e  f e t o p l a c e n t a l  u n i t  a s  a  f u n c t i o n  o f  t i m e  a f t e r  e x p o s u r e .  

T h e s e  d a t a  w i l l  d e f i n e  t h e  t i s s u e s  a t  r i s k  and  p r o v i d e  a  q u a n t i t a t i v e  e s t i -  

m a t e  o f  d o s e .  As s u c h ,  t h e y  w i l l  p r o v i d e  a  r a t i o n a l  b a s i s  o n  which  t o  i n t e r -  

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

The p r e c i s e  d e s i g n  o f  s t u d i e s  t o  be  p e r f o r m e d  w i t h  s p e c i f i c  p o l l u t a n t s  

w i ' l l  v a r y  w i t h  t h e  amount  and c r e d i b i l i t y  o f  t h e  i n f o r m a t i o n  p r e s e n t l y  

a v a i l a b l e ,  o r  wh ich  may become a v a i l a b l e  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .  

I n  g e n e r a l ,  h o w e v e r ,  c r o s s - p l a c e n t a l  t r a n s f e r  and  d i s t r i b u t i o n  w i l l  b e  

e v a l u a t e d  a t  f o u r  d i f f e r e n t  g e s t a t i o n a l  a g e s  s e l e c t e d  t o  r e p r e s e n t  s t a g e s  

i n  t h e  c o n t i n u u m  o f  e m b r y o n i c  and  p l a c e n t a l  d e v e l o p m e n t .  The i n t r a v e n o u s ,  

o r a l ,  a n d  i n h a l a t i o n  r o u t e s  o f  a d m i n i s t r a t i o n ,  wh ich  w i l l  p r o v i d e  d i f f e r -  

e n c e s  i n  t h e  r a t e  a t  wh ich  t h e  m e t a l s  a r e  p r e s e n t e d  t o  t h e  p l a c e n t a ,  a s  w e l l  

a s  p o s s i b l e  d i f f e r e n c e s  i n  t h e i r  c h e m i c a l  b i n d i n g  i n  b l o o d ,  w i l l  be  compared .  

S i n c e  m e t a b o l i s m  may b e  i n f l u e n c e d  by  t h e  mass a d m i n i s t e r e d ,  a  low d o s e  

l e v e l ,  a s  w e l l  a s  o n e  i n  t h e  t e r a t o g e n i c  r a n g e ,  w i l l  b e  s t u d i e d .  

T h i s  p r o j e c t  w i l l  p r o v i d e  some o f  t h e  t o x i c i t y  d a t a  r e q u i r e d  t o  a s s e s s  

t h e  t e r a t o g e n i c  h a z a r d  o f  h e a v y  m e t a l  p o l l u t a n t s .  More i m p o r t a n t l y ,  i t  

w i l l  p r o v i d e  t h e  d i s t r i b u t i o n  and  r e t e n t i o n  d a t a  r e q u i r e d  t o  i n t e g r a t e  t h e  

r e s u l t s  o f  p a s t  a n d  f u t u r e  s t u d i e s  on t h e s e  m a t e r i a l s  and  t o  more  r e a d i l y  

e x t r a p o l a t e  them t o  t h e  p r a c t i c a l  s i t u a t i o n .  I n i t i a l  s t u d i e s  a r e  b e i n g  

p e r f o r m e d  w i t h  l e a d ,  w h i c h  i s  known t o  b e  f e t o t o x i c  a n d  t e r a t o g e n i c .  Sub-  

s e q u e n t  s t u d i e s  w i l l  i n v e s t i g a t e  a r s e n i c ,  cadmium, and s e l e n i u m ,  which  

h a v e  b e e n  shown t o  b e  e m b r y o c i d a l  a n d / o r  t e r a t o g e n i c ,  a s  w e l l  a s  n i c k e l ,  

w h i c h  h a s  y i e l d e d  e q u i v o c a l  r e s u l t s ,  and vanad ium,  w h i c h  a p p a r e n t l y  h a s  n o t  

b e e n  e v a l u a t e d .  

T h i s  p r o j e c t  r e c e i v e d  EPA " P a s s  Through"  f u n d i n g  i n  FY 1 9 7 6 .  R e p o r t a b l e  

r e s u l t s  a r e  n o t  y e t  a v a i l a b l e .  
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GENETIC EFFECTS FROM ELECTRIC FIELDS AT THE 

CHROMOSOMAL LEVEL OF DROSOPHILA 

P e r s o n  i n  C h a r g e :  F .  P .  H u n g a t e  

A s  e l e c t r i c a l  power  g e n e r a t i o n  f a c i l i t i e s  become more  c o n c e n t r a t e d ,  more  

of  t h e  p u b l i c  w i l l  be e x p o s e d  t o  e l e c t r i c  f i e l d s  a s s o c i a t e d  w i t h  t r a n s m i s s i o n  

l i n e s ,  and  more  workmen w i l l  be  e n t e r i n g  f i e l d s  o f  t h e  s o r t  f o u n d  i n  e l e c t r i c  

s w i t c h  y a r d s .  The U n i t e d  S t a t e s  h a s  no e x p o s u r e  l i m i t s  r e l a t i v e  t o  human 

e x p o s u r e  t o  e l e c t r i c  f i e l d s .  R u s s i a n  w o r k e r s  h a v e  r e p o r t e d  e f f e c t s  o n  humans ,  

and i n  t h a t  c o u n t r y  t h e r e  a r e  c o n t r o l s  f o r  e x p o s u r e s  i n  e x c e s s  of  5 kV/m. 

Whi le  t h e r e  i s  no p r e s e n t  e v i d e n c e  r e l a t i n g  e l e c t r i c  f i e l d s  t o  g e n e t i c  e f f e c t s ,  

i t  would  seem p r u d e n t  t o  e v a l u a t e  t h i s  p o s s i b i l i t y .  S i n c e  t h e  c h a r g e  d i s t r i -  

b u t i o n  a l o n g  t h e  DNA c h a i n  i s  n o t  u n i f o r m ,  i t  i s  n o t  u n r e a s o n a b l e  t h a t  AC 

f i e l d s  m i g h t  i n c r e a s e  t h e  f r e q u e n c y  o f  chromosome b r e a k a g e ,  o r  t h a t  a n y  e l e c -  

t r i c  f i e l d s  m i g h t  a d v e r s e l y  a f f e c t  t h e  r e s t i t u t i o n  o f  b r e a k s  o c c u r r i n g  f o r  

o t h e r  r e a s o n s  w h i l e  i n  t h e  p r e s e n c e  of  a n  e l e c t r i c  f i e l d .  

T h i s  p r o j e c t  w i l l  employ g e n e t i c  a n d  c y t o l o g i c  t e c h n i q u e s  t o  i d e n t i f y  

f r e q u e n c i e s  o f  chromosome a b e r r a t i o n s  f o l l o w i n g  e x p o s u r e s  i n  e l e c t r i c  f i e l d s  

up  t o  2 MV/m. I n i t i a l  s t u d i e s  w i l l  i n v o l v e  D C  f i e l d s .  D r o s o p h i l a  s t r a i n s  

b e a r i n g  a p p r o p r i a t e  m a r k e r s  w i l l  be  u s e d  t o  d e t e c t  f r e q u e n c i e s  o f  o f f s p r i n g  

b e a r i n g  new l i n k a g e  r e l a t i o n s h i p s ,  a n d  f o r  s c o r i n g  of  a b e r r a t i o n s  i n  s q u a s h  

p r e p a r a t i o n s  of  F 1  s a l i v a r y  g l a n d s .  To s t u d y  e f f e c t s  on r e s t i t u t i o n  of  

b r e a k s ,  a  h i g h e r  f r e q u e n c y  of  b r e a k s  t h a n  i s  n o r m a l l y  p r e s e n t  w i l l  be  

o b t a i n e d  by e x p o s i n g  t h e  f l i e s  t o  i o n i z i n g  r a d i a t i o n  d u r i n g  e x p o s u r e  i n  t h e  

e l e c t r i c  f i e l d .  S t r a i n s  o f  S a l m o n e l l a  t y p h i m u r i u m ,  a u x o t r o p h i c  f o r  h i s t i d i n e ,  

w i l l  a l s o  b e  e x p o s e d  t o  t h e  i n d i v i d u a l  a n d  combined  e l e c t r i c  and  i o n i z i n g  

r a d i a t i o n  f i e l d s  t o  o b t a i n  e v i d e n c e  o f  e f f e c t s  a t  t h e  l o c u s  l e v e l .  

T h i s  p r o j e c t  r e c e i v e d  EPA " P a s s  Through"  f u n d i n g  i n  FY 1976 and i s  s t i l l  

i n  t h e  s t a g e  of  m a t e r i a l  a c q u i s i t i o n  a n d  t e c h n i q u e  d e v e l o p m e n t .  
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the American Society of Veterinary 
Clinical Pathologists, Anaheim, CA, 
July 13. 

Sanders, C. L. Health implications 
of plutonium: Inhalation carcino- 
genesis in rodents. IPHA Annual 
Meeting, Chicago, IL, November 16-20. 

Sanders, C. L. Inhalation carcino- 
genesis of high-fired 238Pu02 and 
239Pu02. Workshop on the Biological 
Effects and Toxicity of Pu-239 and 
Ra-226, Sun Valley, ID, October 6-9. 

Schneider, R. P. Apparent alloste- 
ric control of sodium transport in 
red cells. Seminar, Botany Depart- 
ment, Washington State University, 
Pullman, WA, February 26. 

Schneiderman, G. S. Plutonium- 
resistant fungi and actinomycetes in 
soil. I. Mechanism of Pu toxicity. 
Amer. Soc. Agron. Meeting, Knoxville, 
TN, August 24-28. 

Shipler, D. B., J. E. Ballou, 
B. I. Griffin, and I. C. Nelson. 
Development of a Diagnostic Model 
for Inhaled Promethium-147 Oxide - 
Animal Studies. IAEA Meeting, 
Vienna, Austria, December 8-12. 

Sikov, M. R. and D. D. Mahlum. 4ge 
and other factors influencing the 
metabolism and effects of 1311 in 
the rat. IAEA International Sympo- 
sium on Biological Effects of Low 
Level Radiation Pertinent to Protec- 
tion of Man and His Environment, 
Chicago, IL, November 3-7. 

Sikov, M. R. and D. D. Mahlum. In- 
fluence of age and physicochemical 
form on the effects of 2 3 9 P ~  on the 
skeleton of the rat. Workshop on 
the Biological Effects and Toxicity 
of Pu-239 and Ra-226, Sun Valley, ID, 
October 6-9. 

Sikov, M. R. and D. D. Mahlum. Tox- 
icity of 2 4 1 ~ m  and 244Cm after admin- 
istration at nine days of gestation 
in the rat. Radiation Research Soci- 
ety 23rd Annual Meeting, Miama Beach, 
FL, May 11-15. 

Sikov, M. R., V. H. Smith, and 
D. D. Mahlum. Embryotoxicity of 
the calcium and zinc salts of 
D i e t h y l e n e t r i a m i n e p e n t a a c e t i c  acid 
(DTPA) in Wistar rats. 15th Annual 
Meeting, Teratology Society, Pocono 
Manor, PA, May 11-14. 

Smith, V. H., J. E. Ballou, 
J. E. Lund, H. A. Ragan, R. H. Busch, 
P. L. Hackett, and D. H. Willard. 
Aspects of inhaled DTPA toxicity in 
the rat, hamster and beagle dog and 
treatment effectiveness for excorpo- 
ration of Pu from the rat. IAEA 
Meeting, Vienna, Austria, 
December 8-12. 

Smith, V. H., H. A. Ragan, 
J. E. Lund, P. L. Hackett, and 
D. H. Willard. The toxicity of in- 
haled Ca-DTPA in the beagle dog. 
Health Physics Society Meeting, 
Buffalo, NY, July 13-17. 

Stuart, B. O., R. F. Palmer, and 
R. E. Filipy. Long-term pulmonary 
effects of combined chemical and 
radionuclide exposures in experi- 
mental animals. IAEA Symposium, 
Chicago, IL, November 3-7. 

Stuart, B. 0. Deposition and clear- 
ance of inhaled particles. Sympo- 
sium on "Target Organ Toxicity: 
Lung," Cincinnati, OH, 
September 16-17. 



S u l l i v a n ,  M .  F . ,  P .  S. Ruemmler, 
J .  L .  Beamer,  a n d  T. D .  Mahony. I n -  
t e s t i n a l  r a d i a t i o n  i n j u r y :  The l o w e r  
bowel syndrome.  R a d i a t i o n  R e s e a r c h  
S o c i e t y  2 3 r d  Annual  M e e t i n g ,  Miami 
Beach,  FL, May 1 1 - 1 5 .  

Thompson, R. C .  H e a l t h  e f f e c t s  f r o m  
l o w - l e v e l  e x p o s u r e  t o  t r a n s u r a n i c  
e l e m e n t s .  I n t e r n a t i o n a l  Symposium 
on T r a n s u r a n i u m  N u c l i d e s  i n  t h e  E n v i -  
r o n m e n t ,  San F r a n c i s c o ,  C A ,  
November 1 7 - 2 1 .  

W i l e y ,  W .  R. F u t u r e  o f  s c i e n c e  and  
t e c h n o l o g y :  An o p t i m i s t i c  v i e w .  For  
t h e  B l a c k  E x e c u t i v e  Exchange Program 
(BEEP), N o r f o l k  S t a t e  C o l l e g e ,  Nor- 
f o l k ,  VA,  A p r i l  1 6 ;  S t u d e n t  F a i r ,  
R i c h l a n d ,  WA, March 22 .  

Zwicker ,  G .  M . ,  D .  D .  Mahlum, a n d  
M .  R. S i k o v .  I n f l u e n c e  o f  a g e  on 
t h e  t u m o r i g e n i c i t y  o f  p l u t o n i u m - 2 3 9  
i n  r a t s .  M e e t i n g  o f  t h e  Amer ican  
A s s o c i a t i o n  f o r  C a n c e r  R e s e a r c h ,  
San D i e g o ,  C A ,  May 8 - 1 0 .  

W i l e y ,  W .  R. B i o m e d i c a l  r e s e a r c h  a t  
H a n f o r d .  R o t a r y  C l u b ,  R i c h l a n d ,  WA, 
J u n e  1 7 .  



ORGANIZATION CHARTS 



Pacific Northwest Laboratories 

Tommy W. Ambrose. Diredor 

William A.  Wal ls  Arsirtanl l o  Ihe Director 

4 Program Support I 

I Research I I Programs 

Douglas E. Olesen. Director lerry W .  Finnigan. Direrlor 



I Research I 

Atmospheric Sckncn 

C L  Y m p m  

D E O k u n ,  Director 

- 

- 

- 

- 

- 

Chemical T c c h n o b  1 -  
A t m a p h c r k  P h p h  

L  L W m h l l  

Atmospheric Dynamics 
m d  Chemistry 

I M *  

Appl ied Me tco robqy  

P K Wd.uH 

Parficulale and G a v o u r  
Waste Research 

L C l r h r r n d i m n  

Tcchn i~a l  Supporf 

r M ronn 

Fuck and Materials 

R P Manhall C 
Ceramics and Graphite 

T D Chibalb H H Animal R e o w e s  Cenler  

V G nontrrun I Equipment L k r c b p m e n t  

a n d  0 i i h y i c s  Chemical D n d o p m e n t  Enr i ronmmlal  Chemistry H-I 1-1 m d  Enyinccrins 

P L DiUim 

Fuels Lks i sn  
and Lk re l opmcn t  

Eneqy a n d  Waste 
h n h r a t t r  EcolaEY 

and 1o.icology 

D K Crab 

Food and Agr icu l tur r  Mar ine 0 i i b  Emiu ion Contro l  4 Proc-Deve-nt 1 
I D L  Reid. A c l n ~  1 

Nuckar Waste 
Tc rm l r i a l  kw 

RldiiI'&d Phyics 
and Instrumerdalion R d i l o g i c a i  S c i m e s  Nuclear T e c h n d q y  

N F Car(*# I I Water and b n d  Resources 

D 0 C*.,kk I 
Fabrication Engineerins 

R R Kin& I.. 

M a t h  m d  Physics Analytical and 
Nuclear Research and Operations Economic Analysis 

D t b " i #  

Water and Waste 
Manasemcnt  

G W Dawwn F 
N o n d e s l r ~ ~ l i w e  

Technical Analysis 

G j P-Lon, 

Shielding A n r l y i r  

C L Brown 

Computer  Technology 

M D Frirbwn 

A ru r rmen t  

I B Bumham 

Slatistics 

R L Hoop. 

Optics. bun 
and Holography Earth a n d  Phnctary 

Chemistry 

L A  R.nritell 

Rad i i l q i ca l  Health Chemical Methods 

m d  K inc t i a  
Materials Research 

R D Neb"  4 

Physics 

Note :  C o n t r i b u t o r s  t o  DBER Programs  a r e  d e n o t e d  by heavy  
b l a c k  l i n e s .  



BIOLOGY DEPARTMENT STAFF 
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Laura M .  Trimm (Techn ica l  S e r v i c e s  Department)  - Cle rk  ( 3 )  
Zona G .  Wright  (Techn ica l  S e r v i c e s  Department)  - Cle rk  

TECHNICAL EDITOR 

Dvara L .  F e l t o n ,  B . A .  (Communications Department) - Techn ica l  E d i t o r  

BUSINESS AND OPERATIONS 

Rober t  L .  Crook, M . B . A .  (F inance  Department) - Bus ines s  Manager (3)  
Te r ry  D .  B lankenship ,  B . A .  (F inance  Department)  - F i n a n c i a l  S p e c i a l i s t  
Roger A.  P o l l a r i ,  B . A .  (F inance  Department ) - F i n a n c i a l  S p e c i a l i s t  

Ruth E .  Palmer (F inance  Department)  - Cle rk  

BIOMETRICS CENTER 

P r o f e s s i o n a l  S t a f f  T e c h n i c a l  S t a f f  

J e s s i e  L .  Burns,  B . A .  ( 4 )  
Ray L .  Buschbom, M . A .  (Systems Dept . )  
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RADIONUCLIDE COUNTING 

A r t h u r  C .  Case,  B . A .  ( R a d i o l o g i c a l  S c i e n c e s  Department)  

(1)  P a r t  Time 
121 Coope ra t i ve  O f f i c e  Educa t i on  Program (COE) 
(3)   ran sf e r r e d  t o  a n o t h e r  Department 
( 4 )  S c i e n c e  and Eng inee r ing  Program (SGE) 
( 5 )  I n q u i r y  I n t o  S c i e n c e  Program (11s )  
( 6 )  Termina ted  
( 7 )  S t u d e n t  (Vaca t i on  Help)  



EXPERIMENTAL PATHOLOGY SECTION 

J o h n  E .  Lund, D . V . M . ,  Ph.D. - Manager 
Harvey A. Ragan, D.V.M. - A s s o c i a t e  Manager 

J e a n e t t e  F. Hunt - S e c r e t a r y  
J u d i t h  E. R e h f i e l d  - S e c r e t a r y  

P r o f e s s i o n a l  S t a f f  T e c h n i c a l  S t a f f  

G e r a l d  E. Dagle ,  D . V . M . ,  Ph.D. 
Ronald E .  F i l i p y ,  M.S. 
Michae l  J .  F r e e ,  Ph.D. 
Robin M .  Madison 
K e i t h  E .  McDonald 
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Gary M .  Zwicker ,  D.V.M., Ph.D. 
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E u g e n i a  T.  Edmerson 
Sandra  L .  E n g l i s h ,  B.S. 
C a r o l e  A .  Fankhauser  (4)  
R o b e r t  F.  F l o r e s  
K e l l y  L .  F u r n e r  (4 )  
L inda  S .  Gorham, A . A .  
D a r l e n e  H .  Hunte r  
Donna M .  J e s k e  
S h e r r i  L .  Krum 
Wil l i am W .  L a e g r e i d  ( 4 , 3 )  
B a r b a r a  G .  Moore 
Mar tha  C .  P e r k i n s  
Marc ia  J .  P i p e s ,  B.S. 
Roger B .  Samples ,  B .  S .  
Donna L .  Schwanz (3)  
J a n e t  R .  Smith ( 4 , 3 )  

R .  A .  J a f f e ,  M.S. 
U n i v e r s i t y  of  C a l i f o r n i a  Medica l  

C e n t e r  
San F r a n c i s c o ,  C a l i f o r n i a  

S .  N i e l s e n ,  D.V.M.  
U n i v e r s i t y  of  C o n n e c t i c u t  
S t o r r s ,  C o n n e c t i c u t  

S. S. Schmid t ,  M . D .  
P r i v a t e  P r a c t i c e  
Eureka ,  C a l i f o r n i a  

J .  E .  D a v i s ,  M . D .  E .  S t e i n b e r g e r ,  M . D .  
New York Medica l  C o l l e g e  U n i v e r s i t y  of  Texas Medica l  School  
New York,  New York Houston,  Texas 

Nor thwes t  C o l l e g e  and U n i v e r s i t y  A s s o c i a t i o n  f o r  S c i e n c e  F e l l o w s  (NORCUS) 

J o h n  M .  R a n l e t t  
U n i v e r s i t y  o f  Montana 
M i s s o u l a ,  Montana 

( 1 )  Hour ly  C a l l -  I n  
(2 )  Youth O p p o r t u n i t y  Program (YOP) 
(3 )  T e r m i n a t e d  
( 4 )  I n q u i r y  I n t o  S c i e n c e  Program ( 1 1 s )  



INHALATION TOXICOLOGY SECTION 

Douglas K .  C r a i g ,  Ph.D. - Manager 
Bruce 0 .  S t u a r t ,  Ph.D. - A s s o c i a t e  Manager 

V i r g i n i a  J .  Choate - S e c r e t a r y  
Mona G .  Edwards - Cle rk  
E l i z a b e t h  A.  S e l l e r s  - Clerk  (1)  

P r o f e s s i o n a l  S t a f f  Techn ica l  S t a f f  

Michael  D .  A l l e n ,  M.S. 
Floyd B .  Andrew, Ph.D. 
John E .  B a l l o u ,  Ph. D .  
James L .  Beamer, B.S. 
F r e d e r i c k  G .  Bur ton ,  Ph.D. 
Wil l iam C .  Cannon, Ph.D. 
Rober t  D .  Carmichael  (2)  
Dennis L .  C a t t  
John R .  Decker ,  B.S. 
A .  J a y  G a n d o l f i ,  Ph.D. 
John C .  Gaven 
P a t r i c i a  L .  H a c k e t t ,  Ph.D. 
John P. He r r ing  
Dennis L .  H j e r e s e n ,  B.S. 
Hisamasa Josh ima,  Ph. D .  (3)  
Manuel T. Ka rag i anes ,  D . V . M .  
Wi l l iam T .  Kaune, Ph.D. 
Susan M .  L o s c u t o f f ,  Ph.D. 
Dennis D .  Mahlum, Ph.D. ( 4 )  
Ray F. Pa lmer ,  M.S. 
Richard  D.  P h i l l i p s ,  Ph.D. 
Gera ld  J .  Powers 
Melvin R .  S ikov ,  Ph.D. 
He rbe r t  E .  S t evens  
J a c k  T. Vea l ,  Ph.D. 
A l f r e d  P. Wehner, D r .  Med. Dent.  
Donald H .  W i l l a r d ,  M.S. 

J u l i e  M .  Baker ( 5 , 2 )  
J u a n i t a  S. B a r n e t t  
Louisa  J .  Beal 
Edwin F. Blan ton  
James H .  Chandon 
A .  J a c q u e l i n e  ClarY 
Mary J .  Conger ,  A . A .  
Lee J .  Dohaniuk 
Alan W .  Endres  
Martha F. England ,  B . A .  
R ichard  A .  G i e s ,  B . A .  
J uan  A .  Gonzalez 
Edward J .  G u t h r i e  ( 6 )  
Kath leen  R .  Hanson, B.S. 
Linda F .  Hens ley ,  B.S. 
Joan  0 .  Hess 
David I .  H i l t o n ,  B.S. 
S h e r i a  G .  I r b y  
Gera ld  D .  I rw in  
Debora L .  J e f f s  
Edward G .  K u f f e l ,  A . A .  
Mary J .  Kujawa, B.S. 
Gayle L .  La r son ,  B.S. 
C ra ig  A .  Leach 
S t a n l e y  J .  Lepka 
L a u r i e  J .  Lucke 
Michael  C .  M i l l e r  
Edward M .  Mi l l iman 
Leonard R .  P e t e r s  
C a r l  R .  P e t t y  
Gordon R .  P r e e c s ,  B.S. 
P a t r i c i a  J .  Raney, B.S. 
Ke i th  W .  Robe r t s  (5)  
E r n e s t  J .  Ross igno l  
Lawrence D .  Sackmann 
P a t r i c i a  L .  Sav ignac ,  B.S. 
C h r i s t i n e  A .  S h i e l d s ,  B.S. 
Wilbur Sk inne r  
J e a n  D .  S t e a r n s  
Howard G .  S t e e l e  ( 7 )  
Douglas A .  T e a t s  
K .  C .  Upton 
Dale C .  Warde l l  
J a n e t  L .  Warren ( 8 , 2 )  
Gary L .  Webb 
Wil l iam A .  Zimmerman ( 9 )  
J eanne  M .  Z i n s l i  ( 8 , 2 )  



C o n s u l t a n t s  

A .  J .  Bachrach ,  Ph.D. 
Naval Medica l  Resea rch  I n s t i t u t e  
N a t i o n a l  Naval Medical  Cen te r  
Be thesda ,  Maryland 

C .  C .  Diemond, B.S. 
4840 S.W. Fa i rhaven  Lane 
P o r t l a n d ,  Oregon 

R .  L .  Hamlin, D . V . M . ,  Ph.D. 
Ohio S t a t e  U n i v e r s i t y  
1900 Cof f  ey Road 
Columbus, Ohio 

W .  A .  Lewis, Ph.D. 
1081 W .  Washington Avenue 
Sunnyvale,  C a l i f o r n i a  

M.  Lodmell,  D.D.S. 
Walla Walla Medical  Cen te r  
Walla  Wal la ,  Washington 

R .  H .  Love ly ,  Ph.D. 
U n i v e r s i t y  o f  Washington 
S e a t t l e ,  Washington 

H .  A .  Menkes, M . D .  
J ohns  Hopkins H o s p i t a l  
B a l t i m o r e ,  Maryland 

D .  K .  Merke ley ,  M . D .  
Labo ra to ry  of  C l i n i c a l  Medicine 
S e a t t l e ,  Washington 

G .  Saccomanno, M . D .  
S t .  Mary ' s  H o s p i t a l  
Grand J u n c t i o n ,  Colorado 

R.  L .  Van C i t t e r s ,  M . D .  
U n i v e r s i t y  o f  Washington 
S e a t t l e ,  Washington 

N a t i o n a l  Sc i ence  Foundat ion 

Northwest  Co l l ege  and U n i v e r s i t y  R icha rd  F. Meg inn i s s ,  M.S. 
A s s o c i a t i o n  f o r  Sc i ence  Fe l lows  (NORCUS) Co l l ege  o f  Lake County 

Grays l ake ,  I l l i n o i s  
Sean T. Murphy 

U n i v e r s i t y  o f  Washington 
S e a t t l e ,  Washington 

K i m  Swanson 
P a c i f i c  L u t h e r a n  U n i v e r s i t y  
Tacoma, Washington 

(1)  Coope ra t i ve  O f f i c e  Educa t i on  Program (COE) 
( 2 )  Terminated 
(3 )  V i s i t i n g  S c i e n t i s t  from t h e  Na t iona l  I n s t i t u t e  of  R a d i o l o g i c a l  S c i e n c e s ,  

Chiba- s h i ,  J apan  
(4) Temporary Assignment t o  USERDA, Washington, D . C .  
( 5 )  I n q u i r y  I n t o  Sc i ence  Program (11s)  
( 6 )  Hourly C a l l - I n  
( 7 )  I l l n e s s  Leave o f  Absence 
(8)  Summer S tuden t  
(9)  Deceased 



MOLECULAR BIOLOGY AND BIOPHYSICS SECTION 

Harvey D r u c k e r ,  Ph.D. - Manager 
R .  Maxine Faub ion  - S e c r e t a r y  
M a r i l y n  J .  Love - T y p i s t  ( 1 )  

P r o f e s s i o n a l  S t a f f  T e c h n i c a l  S t a f f  

Roy R .  Adee, B.S. 
Thomas K .  Andrews, B . A .  
Marvin E. F r a z i e r ,  Ph.D. 
M .  P a u l  F u j i h a r a  
J o h n  J .  H a d l e y ,  B .  S .  (2) 
James C .  Hampton, Ph.D. 
Frank  P.  H u n g a t e ,  Ph.D. 
B e a t r i c e  J .  McClanahan, Ph.D. 
James E .  M o r r i s ,  Ph.D. 
R i c h a r d  A .  P e l r o y ,  Ph.D. 
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