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GENERAL INFORMATION 

Hote l  

R e s e r v a t i o n s  for  a l l  members of t h e  Advisory  C o m m i t t e e  

have  been  m a d e  a t  t h e  Hanford House. T h e  h o t e l  w i l l  b i l l  you 
f o r  your  r o o m .  

Meals 

R e s t a u r a n t  f ac i l i t i e s  are a v a i l a b l e  i n  t h e  Hanford House. 

Another c o n v e n t i o n  i s  booked i n  + h e  Hanford House f o r  t h e  same 
t i m e  as o u r  m e e t i n g ,  and t h i s  may teiid t o  crowd t h e i r  d i n i n g  

rooms. 

Lunch on  May 7 t h  w i l l  be c a t e r e d  i n  a l a rge  c o n f e r e n c e  
room a t  t h e  B a t t e l l e - N o r t h w e s t  campus. 

On t h e  even ing  of May 7 t h  t h e r e  w i l l  be a social  hour  a t  

t h e  R i v e r s h o r e  N o t o r  I n n  beg inn ing  a t  6:15 p.m. Out o f  town 

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

f o r  d i n n e r  a t  t h e  R i v e r s h o r e  f o l l o w i n g  t h e  soc ia l  hour .  

T r a n s p o r t a t i o n  by p r i v a t e  cars w i l l  be a r r a n g e d  t o  t a k e  you 
f r o m  and t o  t h e  Hanford House. 

A group  luncheon h a s  n o t  been a r r a n g e d  f o r  F r i d a y ,  May 8 t h .  

There  are several r e s t a u r a n t s  i n  or n e a r  R i c h l a n d ,  and  l o c a l  

peop le  w i t h  p r i v a t e  cars w i l l  be on hand t o  d r i v e  p a r t i c i p a n t s  
t o  .. l unch  o n  t h i s  day .  

R e g i s t r a t i o n  and Badges 

There  w i l l  b e  no  f o r m a l  r e g i s t r a t i o n ,  b u t  a Hanford 

"badge" i s  needed fo r  i d e n t i f i c a t i o n  and access t o  some of t h e  
f a c i l i t i e s .  

i n  t h e  lobby of t h e  Hanford House on t h e  morning o f  May 7 t h  
between 8:OO and 8 :15  a . m .  

P l e a s e  p i c k  up your  badge from o u r  r e c e p t i o n - i s t  

N o  "c lass i f ied" i n f o r m a t i o n  w i l l  b e  p r e s e n t e d  a t  t h i s  

meet ing .  
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? T r  ansDor t a t  i o n  

A s p e c i a l  bus  w i l l  be available t o  t a k e  you from t h e  ~ 

Hanford House t o  t h e  B a t t e l l e - N o r t h w e s t  Audi tor ium where t h e  

m e e t i n g s  w i l l  be h e l d .  The bus  w i l l  l e a v e  t h e  Hanford House 

a t  8:15 a .m.  on Thursday,  May 7 t h ,  and a t  8 : O O  a . m .  on 

F r i d a y ,  May 8 t h .  

a t  a b o u t  5 : O O  p.m. C a r s  w i l l  be ava i lab le  f o r  s p e c i a l  t r a n s -  

p o r t a t i o n  needs a t  o t h e r  times. 

The bus  w i l l  make t h e  r e t u r n  t r i p  each day 

The Kaymax Travel  Agency i s  located i n  t h e  Hanford House 

b u i l d i n g  and can p r o v i d e  a s s i s t a n c e  w i t h  t r a v e l  a r rangements .  

Phone 943-3124. 

Incoming Messages 

I f  you are e x p e c t i n g  a t e l e p h o n e  c-all ,  you can  be reacned  

a t  t h e  mee t ings  v i a  ( 5 0 9 )  942-1111, E x t e n s i o n  946-2208. 

( D r .  A l p e n ' s  o f f i c e  w i l l  r e l a y  t h e  c a l l  t o  you.)  

.. . . .. 
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MEMBERS OF ADVISORY COMMITTEE 

DIVISION O F  BIOLOGY AND MEDICINE 

U N I T E D  STATES ATOMIC ENERGY COMMISSION 

D r .  P h i l i p  P .  Cohen, Chairman; P r o f e s s o r  and Chairman, 

Department  of P h y s i o l o g i c a l  Chemis t ry ,  U n i v e r s i t y  of  
Wisconsin School  of Medic ine ,  Madison, Wiscons in .  

D r .  Robert D. Moseley, Jr.,  V i c e  Chairman; Chairman, 

Department of  Radiology,  U n i v e r s i t y  of Chicago ,  Chicago ,  . 
I l l i n o i s .  

D r .  W i l l i a m  F. B a l e ,  P r o f e s s o r ,  R a d i a t i o n  B io logy  and 

B i o p h y s i c s  and A t o m i c  Energy P r o j e c t ,  U n i v e r s i t y  of 
Roches t e r  Schoo l  o f  Medic ine  and D e n t i s t r y ,  Rocnester, 
New York. 

D r .  A r i e  J. Haagen-Smit, P r o f e s s o r ,  D i v i s i o n  of B io logy ,  

C a l i f o r n i a  I n s t i t u t e  of Technology,  Pasadena ,  C a l i f o r n i a .  

D r .  P e r r y  R. S t o u t ,  D i r e c t o r ,  Kearney Founda t ion  and Chairman, 

Department o f  S o i l s  and P l a n t  N u t r i t i o n ,  U n i v e r s i t y  of 
C a l i f o r n i a ,  Davis, C a l i f o r n i a .  

Rosemary E l m o ,  E x e c u t i v e  S e c r e t a r y ;  Advisory  Committee 

f o r  Biology and Medic ine ,  U.S. A t o m i c  Energy Commission, 
Washington,  D.C.  

.- GUEST 

D r .  C l e m e n t  A.  F inch ,  P r o f e s s o r ,  Department of Hematology, 

U n i v e r s i t y  of Washington, S e a t t l e ,  Washington. 

l o a t  3 1  b 3 



, 

AEC S T A F F  EXPECTED TO BE PRESENT 
- .  

WASHINGTON, D.C. 

D iv i s ion  of B i o l o g y  and Medicine 

D r .  John R. To t t e r  

D r .  John  Kirby-Smith 

D r .  C h a r l e s  W. E d i n g t o n  

D r .  C h a r l e s  L. O s t e r b e r g  

M r .  John (2. Whitnah 

D r .  R o y  V. Talmadge 

M i s s  R o s e m a r y  Elmo 

P u b l i c  Information D i v i s i o n  

M r s .  G a i l  B r a d s h a w  

- D i r e c t o r ,  D i v i s i o n  of B i o l o g y  
and Medicine 

- A s s i s t a n t  D i r e c t o r  f o r  
B i o l o g i c a l  Sciences 

- C h i e f ,  B i o l o g y  B r a n c h  

- A c t i n g  C h i e f ,  Envi ronmenta l  

- C h i e f ,  Program C o o r d i n a t i o n  

- Medical B r a n c h  

- E x e c u t i v e  Secretary,  A d v i s o r y  
-. C o m m i t t e e  f o r  D i v i s i o n  of 

Sciences B r a n c h  

B r a n c h  

B i o l o g y  and M e d i c i n e  

- P u b l i c  In fo rma t ion  O f f i c e r  

D i v i s i o n  of R a d i a t i o n  P r o t e c t i o n  S tandards  
M r .  R o b e r t  E .  B a k e r  - Program A s s i s t a n c e  B r a n c h  

RICHLAND OPERATIONS O F F I C E  

M r .  D o n a l d  G.  W i l l i a m s  - G e n e r a l  Manager 

L a b o r a t o r y  and U n i v e r s i t y  D i v i s i o n  

. .. . .. 

M r .  C. L .  R o b i n s o n  

M r .  C.  R o b e r t  Q u a l h e i m  

M r .  Michael W. T i e r n a n  

M r .  Loviece C.  B r a z l e y  

7 
D r .  W i l l i a m  E .  L o t 2  

BROOKHAVEN NATIONAL LABORATORY 

D r .  R o b e r t  A .  C o n a r d  

- Director 

- Deputy Director 
- Hea l th  P h y s i c i s t  

- R a d i o l o g i c a l  P h y s i c i s t  

- D i r e c t o r  

- Medical D e p a r t m e n t  
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PROGRAM SCHEDULE 

Thursday,  May 7 ,  1970 

8:OO a . m .  
8:15 

8:40 

8: 50 

9 : o o  

9:30 

9: 35 

10: 05 

1 0 :  20  

10:50 

11: 2 0  

11:25 

11:50 

1:OO p.m. 

1: 30 

1: 55 

.. . .  

2 :  20 

2: 35 

2 : 4 0  

I s s u e  badges i n  lobby of Hanford House 

B u s  t o  B a t t e l l e - N o r t h w e s t  Aud i to r ium 

Welcome - D .  G .  Wil l iams,  General  Manager,  R ich land  
O p e r a t i o n s  O f f i c e ,  Uni ted  S t a t e s  A t o m i c  Energy 
Commission 

I n t r o d u c t o r y  Remarks - E.  L. Alpen, Manager, 
Envi ronmenta l  and L i f e  S c i e n c e s  D i v i s i o n  

Medical F i n d i n g s  i n  t h e  Peop le  of t h e  M a r s h a l l  
I s l a n d s  A z c i d e n t a l l y  Exposed t o  F a l l o u t  - 
R. A. Conard (BNL) 

C.  L. Simpson, Manager 
I n t r o d u c t i o n  t o  t h e  Atmospheric  Resources  Programs - 

Atmospheric  T u r b u l e n c e  and D i f f u s i o n  - C ,  E .  E l d e r k i n  

Break 

P r e c i p i t a t i o n  Scavenging S t u d i e s  - W .  G .  N .  S l i n n  

Atmospheric  T r a n s f e r  P r o c e s s e s  Over t h e  Ocean - 

I n t r o d u c t i o n  t'o t h e  R a d i o l o g i c a l  S c i e n c e s  Programs - 

Cosmogenic and F a l l o u t  Rad ionuc l ides  as  T r a c e r s  

Lunch, Research  O p e r a t i o n s  B u i l d i n g ,  Nor thwes t  R o o m .  

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

N e w  Techniques  and I n s t r u m e n t a t i o n  f o r  U s e  i n  Medica l  

Trace E l e m e n t s  and Rad ionuc l ides  i n  t h e  Environment - 

Break 

I n t r o d u c t i o n  t o  t h e  Ecosystems Programs - 

R. K.  Woodruff 

J. M.  N i e l s e n ,  Manager 

of Atmospheric  Phenomena - R.  W. P e r k i n s  

P rov ided  by B a t  t e l  le-Nor thwes t 

f o r  Rad iob io logy  - W .  C .  Roesch 

Research  and H e a l t h  P h y s i c s  - H .  E .  P a l m e r  

L. A. R a n c i t e l l i  

B.  E. Vaughan, Manager 

Ecosystems - K .  R. P r i c e  
A b i o t i c  and Related Components of N a t u r a l  I 

1 0 1 1 3 1 8  
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3:05 Micro-envi ronmenta l  C l i m a t e  and Community S t r u c t u r e  
of t h e  ALE Reserve - PI. H .  Rickard  

3:30 F a c t o r s  I n f l u e n c i n g  Mammal  P o p u l a t i o n s  i n  t h e  ALE 
Reserve Ecosystem *** Problem of  E s t i m a t i n g  Body 
Burdens i n  Alaska  Chromosome S t u d i e s  - 
T. P. O ' F a r r e l l  

L. L. E b e r h a r d t  

A q u a t i c  Organisms - W. L.  Templeton 

4 : O O  Food Chain K i n e t i c s  and Envi ronmenta l  C o n t a m i n a t i o n -  

4:20 Thermal  S t r e s s  and R e l a t e d  P r o b l e m s  A f f e c t i n g  

- 5:OO Bus t o  Hanford House 

6:15 S o c i a l  Hour - Rive r shore  Motor I n n ,  S e v i l l e  Room. 
( T r a n s p o r t a t i o n  w i l l  be  p r o v i d e d . )  

7 : O O  Dinner  - R i v e r s h o r e  Motor Inn  - B a t t e l l e - N o r t h w e s t  
h o s t .  "The N e w  Look - E&LS" - E.  L .  Alpen 

F r i d a y ,  May 8 ,  1970 

8 : O O  a . m .  
8:20 

8:35 

8:50 

9 : l O  

9:30 

9:50 

10:05 
.. .. 

10:35 

10: 50 
11: 20 

.11:55 

.1:30 p.m. 

5:OO 

Bus leaves Hanford House f o r  BNW Audi tor ium 

I n t r o d u c t i o n  t o  Bio logy  Programs - W. J .  B a i r ,  

Malonaldehyde:  A R a d i o l y s i s  P r o d u c t  o f  Carbo- 

R e g u l a t i o n  of E x o c e l l u l a r  Enzyme S y n t h e s i s  and 

The R o l e  o f  Vascu la r  Damage i n  t h e  G a s t r o -  

Age and R a d i a t i o n  C a r c i n o g e n e s i s  - D.  D .  Mahlum 

Break 

Chron ic  T o x i c i t y  i n  M i n i a t u r e  Swine - 

Development of a Blood I r r a d i a t o r  - F. P. Hungate  

T o x i c i t y  of I n h a l e d  Plutonium - J. F. P a r k  

C o - c a r c i n o g e n i c i t y  of  Uranium Mine A i r  Contaminants  - 

Lunch - N o  h o s t  ( T r a v e l  by cars t o  l oca l  r e s t a u r a n t s )  

E x e c u t i v e  S e s s i o n ,  Advisory Committee,  D i v i s i o n  
of  B io logy  and Medicine.  N o r t h w e s t  Room, BNW 
Resea rch  O p e r a t i o n s  B u i l d i n g  

Manager 

h y d r a t e s  and P o l y n u c l e o t i d e s  - D. B.  Menzel 

S e c r e t i o n  - H .  Drucker  

i n t e s t i n a l  R a d i a t i o n  Syndrome - B. W .  Wachholz 

W .  J. C l a r k e  

B .  0. S t u a r t  

Bus t o  Hanford House 
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MEDICAL FINDINGS I N  THE PEOPLE OF THE MARSHALL ISLANDS 

ACCIDENTALLY EXPOSED TO FALLOUT 

R. A .  Conard,  M.D. 

Brookhaven N a t i o n a l  L a b o r a t o r y  

The m e d i c a l  s t a t u s  o f  t h e  M a r s h a l l e s e  p e o p l e  a c c i d e n t a l l y  

exposed t o  r a d i o a c t i v e  f a l l o u t  i n  1 9 5 4  w i l l  b e  reviewed and 

updated  t o  i n c l u d e  r e s u l t s  of t h e  1 6  y e a r  a n n u a l  s u r v e y  j u s t  
completed i n  March. The a c u t e  e f f e c t s  of exposure  of  t h e s e  

p e o p l e  h a s  been w e l l  documented. The m o s t  s e r i o u s  of  t h e  l a t e  

e f f e c t s  h a s  been t h e  development  of t h y r o i d  a b n o r m a l i t i e s  

r e s u l t i n g  f r o m  exposure  of  t h e  t h y r o i d  gland t o  radioact ive 
i o d i n e s  i n  t h e  f a l l o u t .  Of 8 2  p e o p l e  of  Rongelap,  66  a re  now 

l i v i n g ,  and  of t h e s e  2 1  have  deve loped  t h y r o i d  a b n o r m a l i t i e s ,  

1 9  w i t h  n o d u l a r i t y  and 2 w i t h  a t r o p h y  o f  t h e  g l a n d  a s s o c i a t e d  

w i t h  hypothyro id ism.  Of 1 9  c h i l d r e n  exposed a t  less t h a n  

10 y e a r s  of age ( r e c e i v i n g  d o s e s  of 700-1400 r a d  t o  t h e  t h y r o i d ) ,  

1 7  have developed  t h y r o i d  a b n o r m a l i t i e s .  S u r g i c a l  e x p l o r a t i o n  

w i t h  thy ro idec tomy,  p a r t i a l  t o  c o m p l e t e ,  i n  1 8  Rongelap 

p a t i e n t s  h a s  r e v e a l e d  ben ign  adenomatous nodu les  i n  1 7  cases 
and m a l i g n a n t  l e s i o n s  i n  3 cases. Cancer w a s  n o t e d  i n  one 

g i r l  exposed a t  7 y e a r s  of a g e  and i n  2 women exposed as young 

a d u l t s .  The o p e r a t e d  cases are a l l  do ing  s a t i s f a c t o r i l y  

.. e x c e p t  fo r  a 20  y e a r  o l d  f ema le  who shows a s u s p i c i o u s  e n l a r g e -  

ment of h e r  t h y r o i d  remnant which w i l l  be f u r t h e r  i n v e s t i g a t e d .  

I n  a d d i t i o n  one  U t i r i k  woman o p e r a t e d  on d u r i n g  t h e  p a s t  y e a r  

had a t h y r o i d  ma l ignancy ,  b u t  t h e  associat ion w i t h  r a d i a t i o n  

exposure  i n  t h i s  case seems u n l i k e l y  i n  v iew of t h e - l o w  d o s e  

of  r a d i a t i o n  r e c e i v e d  by t h i s  p o p u l a t i o n .  Growth r e t a r d a t i o n  

noted i n  some Rongelap c h i l d r e n  has been c o r r e l a t e d  w i t h  

hypothyro id  tendency  due  t o  t h y r o i d  l e s i o n s  and some of t h e s e  

c h i l d r e n  appea r  t o  be r e s p o n d i n g  f a v o r a b l y  t o  t h y r o i d  hormone 

t r e a t m e n t  . 
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P l a n s  f o r  r a d i o l o g i c a l  h e a l t h  mon i to r ing  of t h e  B i k i n i  

peop le  who are be ing  r e t u r n e d  t o  t h e i r  home i s l a n d  w i l l  be 

b r i e f l y  rev iewed.  
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ATMOSPHERIC TURBULENCE AND DIFFUSION 

C.  E. E l d e r k i n  

Atmospheric  Resources  Department  

Recent  a t m o s p h e r i c  d i f f u s i o n  e x p e r i m e n t s  f o r  c o n t i n u o u s  
releases from a number of h e i g h t s  up t o  400  f e e t  have p rov ided  

data e s s e n t i a l  f o r  e v a l u a t i n g  t h e  dependence  of  d i f f u s i o n  from 

elevated releases on t h e  h e i g h t  of release and on a wide v a r i e t y  
of meteorological c o n d i t i o n s .  

measurement netw0r.k f o r  sampl ing  8 5 K r ,  u t i l i z e d  as  a tracer, 
is  a l so  p r o v i d i n g  data  f o r  s t u d y i n g  t h e  d i f f u s i o n  o f  p u f f s  o f  

material  released t o  t h e  a tmosphere  i n s t a n t a n e o u s l y .  The 

r e s u l t s  o b t a i n a b l e  from t h e  8 5 K r  sys tem are  u s e f u l  n o t  o n l y  

for  e v a l u a t i n g  consequences  of  a c c i d e n t a l  releases o f  an  

i n s t a n t a n e o u s  n a t u r e ,  b u t  i t s  i n e r t  c h a r a c t e r i s t i c s  o f f e r  t h e  

o p p o r t u n i t y  t o  s t u d y  d e p o s i t i o n  by r e l e a s i n g  s i m u l t a n e o u s l y  

w i t h  k r y p t o n ,  ma te r i a l s  which i n t e r a c t  w i t h  t h e  s u r f a c e .  

A r e c e n t l y  deve loped  d i f f u s i o n  

I t  i s  i m p o r t a n t  i n  e x t e n d i n g  o u r  u n d e r s t a n d i n g  of  d i f f u s i o n ,  

t r a n s p o r t  and f l u x  of  materials t o  t h e  s u r f a c e  o v e r  t e n s  and 

hundreds of  m i l e s  t o  s t u d y  t h e  t u r b u l e n t  s t r u c t u r e ,  g rowth ,  

and decay o f  t h e  a t m o s p h e r i c  boundary l a y e r  w i t h i n  which 

t r a n s p o r t ,  d i f f u s i o n  and removal  are  e f f e c t e d .  D e t a i l e d  

t u r b u l e n c e  measurements  and a n a l y s i s  e v a l u a t i n g  t h e  t u r b u l e n t  

.. energy  budget  and s p e c t r a l  s t r u c t u r e  are  b e i n g  conducted t o  

d e f i n e  t h e  p r o p e r t i e s  of t h e  boundary l a y e r .  Ongoing a tmosphe r i c  

tracer development  work a t  Hanford must  d e v i s e  s u i t a b l e  t racers  
f o r  s t u d i e s  o v e r  t h e  l a r g e r  d i s t a n c e s  o f  i n t e r e s t  and ongoing 

a i r  cr a f t m e - t  eor o 1 og i c a 1 m e a  s u f e m  en t s must i n c l u d e  c a p  a 5 i 1 it i e s 
t o  be deve loped  f o r  sampl ing  such  t racers .  
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PRECIPITATION SCAVENGING STUDIES 

W .  G .  N .  S l i n n  

Atmospheric  Resources  Department  

A review i s  made of c u r r e n t  p r e c i p i t a t i o n  scavenging  

r e s e a r c h  be ing  performed by t h e  Atmospher ic  Resources  Department.  

The objectives o f  t h e s e  s t u d i e s  are  t o  p r e d i c t  and t o  u n d e r s t a n d  

t h e  removal  by p r e c i p i t a t i o n  of p a r t i c u l a t e  and g a s e o u s  p o l l u t i o n  

f r o m . t h e  atmosphere.  Major emphasis  i s  p l a c e d  on f i e l d  work 

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

I m p o r t a n t  p a r a m e t e r s  which have been  i d e n t i f i e d  f o r  

t h e  below-cloud, r a i n  scaveng ing  o f  p a r t i c l e s  are: r a i n d r o p  

s i z e  and e lec t r ic  c h a r g e ,  r a i n f a l l - r a t e ,  and p o l l u t a n t  

c h a r a c t e r i s t i c s .  Recent  f i e l d  e x p e r i m e n t s  t o  determine t h e  

washout of rhodamine d y e  p a r t i c l e s  and  t o  measure  t h e  e lec t r ic  
c h a r g e  on r a i n d r o p s  as w e l l  as some t h e o r e t i c a l  p r e d i c t i o n s  

of  washout are  d e s c r i b e d .  

To u n d e r s t a n d  t h e  in -c loud  s c a v e n g i n g  of p o l l u t a n t s  it i s  
n e c e s s a r y  t o  c o n s i d e r  p r o c e s s e s  which r a n g e  from t h e  micro- 

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

are g i v e n  of  t h e  u s e  of cosmogenic r a d i o n u c l i d e s  a s  tracers 
and t h e  numer i ca l  model ing of o r o g r a p h i c ,  m o i s t u r e - l a d e n  

a i r f l o w .  P l a n s  f o r  f u t u r e  r e s e a r c h  are d e s c r i b e d .  
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ATMOSPHERIC TRANSFER PROCESSES OVER THE OCEAN 

R. K .  Woodruff 

Atmospher ic  Resources  Department 

T u r b u l e n t  eddies a t  t h e  sea-air i n t e r f a c e  e f f e c t  n e t  
t r a n s f e r s  of h e a t ,  m o i s t u r e ,  momentum, and mass between t h e  sea 
and t h e  a tmosphere .  These t r a n s f e r  p r o c e s s e s  are i m p o r t a n t  

t o  t h e  a c c u r a c y  of a t m o s p h e r i c  models ,  t h e  t r a n s p o r t ,  d i f f u s i o n  

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

and d i f f u s i o n  of w a t e r  p o l l u t a n t s .  T h e i r  impor t ance  i s  

emphasized when it i s  c o n s i d e r e d  t h a t  4 5  p e r c e n t  of t h e  U.S. 

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

The Atmospheric  Resources  Department i n i t i a t e d  s t u d i e s  

of sea-air i n t e r a c t i o n  p r o c e s s e s  th rough  p a r t i c i p a t i o n  i n  t h e  

Barbados Oceanographic  and M e t e o r o l o g i c a l  Experiment  (BOMEX). 

O b s e r v a t i o n s  of  eddy f l u x e s  w e r e  made from a s tab le  s p a r  buoy 

f o r  t h e  pu rpose  of  d e t e r m i n i n g  d r y  d e p o s i t i o n  ra tes  f o r  

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

ove r  t h e  o c e a n ,  s u p p o r t i n g  BOMEX d a t a  r e q u i r e m e n t s ,  and f o r  

e v a l u a t i n g  t h e  da ta  a c q u i s i t i o n  s y s t e m .  Data p r o c e s s i n g  

s o f t w a r e  i s  be ing  deve loped .  

I t  is  a n t i c i p a t e d  t h a t  f u t u r e  e f f o r t s  w i l l  f i r s t  be  

d i r e c t e d  toward t h e  r e f i n e m e n t  of t h e  buoy, and d a t a  and 

* s e n s o r  sys tems.  Subsequent  t o  d e m o n s t r a t i n g  t h e  sys tem as 
a r e l i a b l e  and a c c u r a t e  t o o l ,  s t u d i e s  of r a d i n r - u c l i d e  d r y  

d e p o s i t i o n  ra tes  o v e r  t h e  ocean ,  thermal  p o l l u t i o n ,  and t h e  

b a s i c  character of sea-air i n t e r a c t i o n  p r o c e s s e s  w i l l  be  

conducted.  
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PHYSICAL RADIATION INTERACTIONS 

AND THEIR IMPLICATIONS FOR RADIOBIOLOGY 

W .  C. Roesch 

R a d i o l o g i c a l  S c i e n c e s  Department 

Many c h a r a c t e r i s t i c s  of t h e  phenomena of r a d i o b i o l o g y  are 
s t r o n g l y  i n f l u e n c e d  by t h e  randomness i n  space  and  t i m e  of t h e  

p h y s i c a l  and c h e m i c a l  e v e n t s  t h a t  l e a d  t o  them. 

bo th  of  t h e s e  s o u r c e s  of randomness.  The s t u d y  o f  randomness 

i n  t i m e  h a s  been t h e o r e t i c a l  and has l e d  t o  e l a b o r a t i o n s  of 
c lass ical  h i t  t h e o r y  t h a t  can  e x p l a i n  d o s e - r a t e  and f r a c t i o n a t i o n  

e f f e c t s  a s  w e l l  a s  s u r v i v a l - c u r v e  shapes ,  etc.  The s t u d i e s  of 

s p a t i a l  e f f e c t s  have  been  m o s t l y  expe r imen ta l .  P a r t  o f  them 

have been based on t e c h n i q u e s ,  p o p u l a r l y  known as micro- 
d o s i m e t r y ,  t h a t  p e r m i t  s i m u l a t i n g  t h e  i o n i z a t i o n  produced  i n  

a v e r y  s m a l l  c r i t i c a l  volume by t h a t  i n  a large volume of gas. 

W e  have r e c e n t l y  been measu r ing  i o n i z a t i o n  d i s t r i b u t i o n s  t h a t  

r e s u l t  from t h e  randomness i n  s p a c e  of t h e  i n t e r a c t i o n s  o f  

p r o t o n s  w i t h  matter.  T h e o r e t i c a l  s t u d i e s  of  t h e  s p a t i a l  

phenomena are  l i m i t e d  a t  p r e s e n t  by l a c k  of knowledge of t h e  

d i s t r i b u t i o n s  i n  ene rgy  anc?. a n g l e  of  t h e  d e l t a  r a y s  produced 

by charged  p a r t i c l e s .  T h e r e f o r e ,  a n o t h e r  p a r t  of o u r  e x p e r i m e n t a l  

program i s  aimed a t  measurement of t h e s e  d i s t r i b u t i o n s .  

W e  are s t u d y i n g  

- .  Among t h e  a c t u a l  p h y s i c a l  and chemica l  e v e n t s  u n d e r l y i n g  

r a d i o b i o l o g i c a l  phenomena t h a t  w e  are s t u d y i n g  a re  a number 
of  f r e e  r a d i c a l  r e a c t i o n s .  R a t e  c o n s t a n t s  f o r  r e a c t i o n s  between 

hydroxyl  rad ica ls  and many b iochemica l s  have been measured .  

Hydroxyl r a d i c a l s  were found t o  a t t a c k  most r a p i d l y  s i t e s  o f  

h igh  e l e c t r o n  d e n s i t y  i n  s m a l l  mo lecu le s ;  i n  more complex 

molecu le s ,  s t e r i c  f a c t o r s  r e d u c e  t h e  r a t e  o f  i n t e r a c t i o n  by 

an o r d e r  of  magni tude .  A number of  r a d i c a l s  formed from 
biochemica l  compounds have  been i d e n t i f i e d  and t h e i r  r a t e  
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c o n s t a n t s  measured.  S t rong  o x i d i z i n g  and r educ ing  a g e n t s  

have been found among these r a d i c a l s ,  and c h a i n  p o l y m e r i z a t i o n  

h a s  been found t o  be a f r e q u e n t  r e s u l t  of t h e i r  i n t e r a c t i o n s .  

Compounds which react r a p i d l y  wi th  hydroxyl  r a d i c a l s  have 
been found t o  be  e f f e c t i v e  p r o t e c t i v e  a g e n t s  a g a i n s t  r a d i a t i o n  

damage i n  s e v e r a l  model b iochemica l  systems. 

-. . ... 
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NEW TECHNIQUES AND INSTRUMENTATION 

FOR USE I N  MEDICAL RESEARCH AND HEALTH PHYSICS 

H.  E. P a l m e r  

R a d i o l o g i c a l  S c i e n c e s  Department 

The a p p l i c a t i o n  of n u c l e a r  technology t o  m e d i c a l .  s c i e n c e  

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

e n c o u n t e r s  between man and a r a d i a t i o n  environment .  T h i s  

r e q u i r e s  c o n t i n u i n g  r e s e a r c h  on new n u c l e a r  i n s t r u m e n t  t e c h -  

n i q u e s  and i n  h e a l t h  p h y s i c s .  T h i s  p r e s e n t a t i o n  describes 

some r e c e n t  advances  i n  n u c l e a r  technology for m e d i c a l  and  h e a l t h  

- 

p h y s i c s .  Methods are  b e i n g  developed  t o  measure  t h e  major 

e l emen t s  of t h e  human body by -- i n  vi-vo n e u t r o n  a c t i v a t i o n  

a n a l y s i s .  A method fo r  measu r ing  t h e  change i n  t o t a l  body 

calcium i s  p r e s e n t l y  i n  u s e  and measurements have  been  made 
o n  more t h a n  f i f t y  p a t i e n t s  s u f f e r i n g  from a v a r i e t y  o f  

diseases. A method for  t o t a l  body sodium measurement h a s  been  

developed and i s  c u r r e n t l y  be ing  t e s t e d  on s i x  normal  s u b j e c t s .  

Methods f o r  d e t e r m i n i n g  t o t a l  body phosphorus and n i t r o g e n  

have been  proven  t o  be f e a s i b l e  and t h e i r  development  i s  now 
i n  p r o g r e s s .  A method f o r  a c c u r a t e l y  measur ing  t h e  t o t a l  
body c o n t e n t  of 5 9 ~ e  w a s  r e c e n t l y  deve loped  f o r  i r o n  

a b s o r p t i o n  and k i n e t i c s  s t u d i e s .  Another method deve loped  

.. fo r .  i r o n  a b s o r p t i o n  s t u d i e s  allows 55Fe t o  be d i r e c t l y  

de te rmined  i n  a b lood  sample  w i t h o u t  t h e  f o r m e r l y  r e q u i r e d  

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

The f e a s i b i l i t y  of u s i n g  low d o s e  e lec t ron  c a p t u r e  i s o t o p e s  

as t racers  f o r  metabolic p a r a m e t e r s  i n  humans w a s  d e m o n s t r a t e d .  

Techniques of e x t e r n a l  s c a n n i n g  and e x c r e t a  a n a l y s i s  w e r e  
used t o  measure  r e t e n t i o n  and d i s t r i b u t i o n  p a r a m e t e r s  on 

1 2  human v o l u n t e e r s  i n j e c t e d  i n t r a v e n o u s l y  w i t h  143P~. The 
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e f f e c t  of DTPA i n  h a s t e n i n g  removal w a s  s t u d i e d  i n  some of 
t h e s e  s u b j e c t s .  

approach  i n  a s s e s s i n g  body burdens  o f  p lu ton ium i n  workers  

a c c i d e n t a l l y  exposed and who are unde rgo ing  c h e l a t i o n  t h e r a p y  

i s  under  examinat ion .  

promethium and p lu tonium i n  t h e  l u n g ,  i n  wounds and i n  o t h e r  

body o r g a n s  a re  be ing  e x p l o r e d .  Improvements i n  r e s p i r a t o r y  
a i rway  and r adon  d a u g h t e r  d e p o s i t i o n  model ing  are a l so  be ing  

i n v e s t i g a t e d .  

The p o t e n t i a l  f o r  u n d e r t a k i n g  a s i m i l a r  

-- I n  v i v o  measurement t e c h n i q u e s  for  

.. . .. 
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COSMOGENIC AND FALLOUT RADIONUCLIDES 

AS TRACERS O F  ATMOSPHERIC PHENOMENA 

R. W. P e r k i n s  

R a d i o l o g i c a l  S c i e n c e s  Department 

The a tmosphere  c o n t a i n s  a w i d e  spec t rum o f  r a d i o n u c l i d e s  

from n a t u r a l  p r o c e s s e s  as  w e l l  as f r o m  n u c l e a r  weapons t e s t i n g .  

These i n c l u d e  r a d o n  and t h o r o n  d a u g h t e r s  which e n t e r  t h e  

a tmosphere  from t h e  ea r th ' s  s u r f a c e ,  t o g e t h e r  w i t h  cosmogenic 
r a d i o n u c l i d e s  which are produced t h r o u g h o u t  t h e  a tmosphere  by 

cosmic-ray s p a l l a t i o n  of a r g o n ,  n i t r o g e n  and oxygen. These 

r a d i o n u c l i d e s  become a t t a c h e d  t o  t h e  n a t u r a l  a t m o s p h e r i c  

aerosols and c a n  t h e n  serve as  tracers of a t m o s p h e r i c  mixing 

and p r e c i p i t a t i o n  scaveng ing  ra tes .  The development  of  very 
. s p e c i a l i z e d  t echno logy  f o r  b o t h  t h e i r  sampl ing  and a n a l y s i s  

a l l o w s  v e r y  p r e c i s e  measurements  of a i r b o r n e  r a d i o n u c l i d e s  

w i t h  h a l f - l i v e s  of  m i n u t e s  t o  y e a r s .  

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

l eve l  th rough  a b o u t  6 0 , 0 0 0  f t  are  e s t a b l i s h i n g  s t r a t o s p h e r i c  

and t r o p o s p h e r i c  r e s i d e n c e  t i m e s  and mixing ra tes ,  and t h e  

magnitude of v a r i o u s  d e p l e t i o n  mechanisms. Measurements 

of t h e i r  c o n c e n t r a t i o n s  i n  t h e  m a r i n e  a tmosphere  r e l a t i v e  t o  

t h e  u n d e r l y i n g  ocean  water are p r o v i d i n g  t h e  r a t e s  o f  a i r  t o  

r a d i o n u c l i d e s  38Cl ( 3 8  m i n ) ,  39Cl (55 m i n ) ,  and 2 4 N a  (15 h r )  

i n  r a i n  have p rov ided  some of t h e  f i r s t  a c t u a l  measurements  of 

t h e  r a t e s  and mechanisms i n v o l v e d  i n  rai 'n f o r m a t i o n  and 

p r e c i p i t a t i o n  scavenging .  The u s e  o f  e x i s t i n g  a i r b o r n e  

r a d i o n u c l i d e s  as tracers c a n  be  e x p e c t e d  t o  p r o v i d e  q u a n t i t a t i v e  

answers  t o  many b a s i c  q u e s t i o n s  of a t m o s p h e r i c  mixing and 
scavenging .  

- sea exchange. Measurements of t h e  r a t h e r  s h o r t - l i v e d  cosmogenic 
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TRACE ELEMENTS AND RADIONUCLIDES I N  THE ENVIRONMENT 
- -  

L o u i s  A. R a n c i t e l l i  

R a d i o l o g i c a l  S c i e n c e s  Department 

Rad ionuc l ides  i n j e c t e d  i n t o  t h e  b i o s p h e r e  by n u c l e a r  

t e s t i n g ,  power p l a n t  o p e r a t i o n s ,  and n a t u r a l  p r o c e s s e s  

e v e n t u a l l y  mix w i t h  s t a b l e  e l e m e n t s  i n  t h e  environment .  To 

f u l l y  d e f i n e  t h e  d i s t r i b u t i o n ,  t r a n s p o r t ,  mix ing ,  and removal 

of  t h e s e  r a d i o n u c l i d e s  o r  employ them as tracers of n a t u r a l  

p r o c e s s e s  r e q u i r e s  s t u d i e s  o f  b o t h  t h e  s t a b l e  and r a d i o a c t i v e  
s p e c i e s .  

spec t romet ry  sys t ems  combined w i t h  n e u t r o n  a c t i v a t i o n  t e c h n i q u e s  

have made p o s s i b l e  comprehensive s t u d i e s  of  r a d i o n u c l i d e s  and 
trace element  b e h a v i o r  i n  t h e  envi ronment .  F o u r t e e n  t race 
e l emen t s  and s e v e n t e e n  r a d i o n u c l i d e s  w e r e  measured i n  t h e  

H i g h - s e n s i t i v i t y  and h i g h  s e l e c t i v i t y  gamma 

P a c i f i c  salmon. The s p e c i f i c  a c t i v i t y  of 137Cs w a s  t h e  same 
i n  the f i s h  and seawater, i n d i c a t i n g  t h a t  t h e  r a d i o n u c l i d e  w a s  
w e l l  mixed and behaved s i m i l a r l y  t o  i t s  s t a b l e  i s o t o p e .  S t a b l e  

cesium w a s  p r e f e r e n t i a l l y  c o n c e n t r a t e d  r e l a t i v e  t o  potass ium 

and rubidium. 
r a d i o n u c l i d e s ,  n o t a b l y  6oCo, 65Zn, and ’lomAg, w e r e  found t o  

be h i g h e r  i n  c e r t a i n  b i o t a  t h a n  i n  seawater. Mul t i e l emen t  

a n a l y s i s  of Columbia River  w a t e r  h a s  e s t a b l i s h e d  t h e  

c o n c e n t r a t i o n s  and  t h e i r  v a r i a t i o n  w i t h  s e a s o n s  of ove r  20 

t race e lements .  The normal  c o n c e n t r a t i o n s  o f  1 4  e l e m e n t s  

i n  human lung  t i s s u e  was e s t a b l i s h e d  as w e l l  a s  d i f f e r e n c e s  

i n  lungs  from i n d i v i d u a l s  w i t h  s p e c i a l  o c c u p a t i o n a l  exposures ,  

such  a s  uranium mining .  Comparisons of seven trace e l e m e n t s  
i n  t h e  atmosphere w i t h  t h e i r  c o n c e n t r a t i c n s  i n  r a i n w a t e r  have 

e s t a b l i s h e d  t h e  o r i g i n ,  c o m p o s i t i o n ,  and r a t e  of removal of 

t h e s e  mater ia l s  from t h e  a tmosphere .  S i n c e  t h e s e  s t u d i e s  
i n c l u d e  measurements of t h e  c h e m i c a l  s p e c i e s  i n v o l v e d ,  a n  

i n t e r p r e t a t i o n  of t h e  r e l a t i o n s h i p s  between r a d i o n u c l i d e  and 

t r a c e  element  p o l l u t i o n  and t h e i r  e f f e c t  o n  man can  be de t e rmined .  

The s p e c i f i c  a c t i v i t i e s  o f  s e v e r a l  o t h e r  

-. 
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A B I O T I C  AND RELATED COMPONENTS O F  NATURAL ECOSYSTEMS 
_ -  

X. R. P r i c e  

Ecosystems Department  

Many a s p e c t s  of t h e  p h y s i c a l  envi ronment  are o p e r a t i v e  

i n  n a t u r a l  ecosys tems,  and t h e y  c a n  be c a t e g o r i z e d ,  rough ly ,  

as c l i m a t i c ,  geologic,  e d a p h i c ,  and  h y d r o l o g i c  f a c t o r s .  
Over l ap  o c c u r s  among t h e s e  factors and between ab io t i c  and 

b i o t i c  components, f o r  e a c h  o rgan i sm h a s  i t s  p a r t i c u l a r  se t  
2 

of env i ronmen ta l  r e q u i r e m e n t s .  The 310 Km Ar id  Land 

Ecology (ALE) Reserve i n c r e a s e s  9 0 0  m i n  e l e v a t i o n ,  pre-  
dominan t ly  up a n o r t h - f a c i n g  s l o p e ,  from Cold Creek Va l l ey  

t o  t h e  crest  of  t h e  R a t t l e s n a k e  H i l l s .  T h i s  phys iography 

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

and it i n f l u e n c e s  p l a n t  d i s t r i b u t i o n  and l oca l  pheno log ie s .  

G e o l o g i c a l  i n v e s t i g a t i o n s  show t h a t  t h e  p e r e n n i a l  water f low 

a t  R a t t l e s n a k e  S p r i n g s  w a s  caused  by g e o l o g i c a l  e r o s i o n  

and f o r m a t i o n  of  a perched  w a t e r  t a b l e  i n  lower Dry Creek. 

T h i s  perched  water t a b l e  i s  r e s p o n s i b l e  f o r  p re sen t -day  

community d i s t r i b u t i o n s  of p l a n t s .  Annual and d i u r n a l  cycles 
i n  t h e  depth- to-water  t a b l e  w e r e  measured ,  and t h e  p l a n t  

i n f l u e n c e  on t h i s  c y c l i n g  i s  unde r  s t u d y .  Water budget  i s  
be ing  fo rmula t ed  from d a t a  on t i m i n g  of t r a n s p i r a t i o n  and ra tes  
of s u r f a c e  and s u b s u r f a c e  f low.  Geo log ic  s t u d i e s  a l s o  i n d i c a t e  

t h a t  sodium sa l t s  accumula t ion  i n  c e r t a i n  s u r f a c e  s o i l s  

c o n t r i b u t e d  toward p r e s e n t  community d i s t r i b u t i o n s  f o r  t h e s e  

areas. Hydrologic  s t u d i e s  are a l s o  b e i n g  conducted  i n  t h e  
S n i v e l y  Watershed a t  t h e  w e s t e r n  edge o f  t h e  ALE Reserve i n  

a n  e f f o r t  t o  e s t a b l i s n  t h e  w a t e r  budge t  f o r  a n  a r i d  r e g i o n  

wa te r shed .  Waters from t h e  n a t u r a l  s p r i n g s  are  b e i n g  carbon 
d a t e d .  

.. . .  

18 



, 

, 
I 

MICROENVIRONMENTAL CLIMATE  AN^ COMMUNITY STRUCTURE 

I OF THE ALE RESERVE 

W. H. Rickard 
Ecosystems Department 

S t u d i e s  i n  p l a n t  eco logy are here concerned w i t h  t h e  

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

communities.  N e t  p r imary  p roduc t ion ,  m i n e r a l  c y c l i n g ,  and 

energy  f l o w  are  ecological p r o c e s s e s  t o  be de t e rmined  i n  
r e l a t i o n  t o  ab io t ic  and t h e s e  b i o t i c  f a c t o r s .  On t h e  ALE 

Reserve,  a g r i c u l t u r a l  p e r t u r b a t i o n s  25 y e a r s  ago have had 

l a s t i n g  e f f e c t s  on t h e  shrub-s teppe  communities.  Although 

s p e c i e s  compos i t ion  o f  abandoned c u l t i v a t e d  f i e l d s  varies 
' l i t t l e  from y e a r  t o  y e a r ,  t h e  h a r v e s t  y i e l d  and b o t a n i c a l  
composi t ion  of t h e  y i e l d  has  v a r i e d  acco rd ing  t o  t o t a l  amount 

and s e a s o n a l  d i s t r i b u t i o n  of  p r e c i p i t a t i o n .  G e n e r a l l y  speak ing ,  
a v a i l a b l e  m o i s t u r e  w a s  t h e  l i m i t i n g  f a c t o r  t o  pr imary  produc-  

t i o n .  However, data o b t a i n e d  i n  1 9 6 9  - a y e a r  o f  b e t t e r  t h a n  

ave rage  m o i s t u r e  - showed t h a t  p l a n t  p roduc t ion  w a s  l i m i t e d  
by a v a i l a b l e  n i t r o g e n .  
p l a n t  m a t e r i a l  and of  r e t u r n  of e s s e n t i a l  m i n e r a l  n u t r i e n t s  
t o  t h e  s o i l  w e r e  measured.  Minera ls  i nc luded  w e r e  N ,  P ,  M g ,  

C a ,  Zn, M o ,  and B. Ca lor ic  c o n t e n t  of  g reen  f o r a g e ,  s e e d s ,  

and l i t t e r  w e r e  measured by oxygen bomb c a l o r i m e t r y .  

A r t i f i c i a l l y  c o n s t r u c t e d  e a r t h  mounds were used  t o  s t u d y  
e f f e c t s  of c o n t r a s t i n g  mic roc l ima tes  on growth,? m i n e r a l  u p t a k e ,  

c a l o r i c  c o n t e n t ,  and seed  performance of t h e  p l a n t  s p e c i e s  

c o l o n i z i n g  t h e s e  d i s t u r b e d  so i l s .  S i x t e e n  y e a r s  ago ,  

expe r imen ta l  p l o t s  w e r e  t reated wi th  long- l ived  r a d i o n u c l i d e s ,  

The ra te  of decomposi t ion of dead 

.. . .  

and 137Cs. P l o t s  have become co lon ized  n a t u r a l l y  by 
p l a n t s  c h a r a c t e r i s t i c  of abandoned c u l t i v a t e d  f i e l d s .  

t i o n ,  s o i l  p r o f i l e ,  and p l a n t  c o n c e n t r a t i o n s  of these r a d i o -  

n u c l i d e s  are be ing  s t u d i e d  t o  determine t h e i r  t r a n s f e r  p a t t e r n s ,  

e s p e c i a l l y  t o  h e r b i v o r e s  of t h e  shrub-s teppe  ecosystem. 

D i s t r i b u -  

1 0 7 1 3 3 3  19 



FACTORS INFLUENCING MAMMAL POPULATIONS 

I N  THE ALE R E S E R a  ECOSYSTEM 

T. P. O ' F a r r e l l  

Ecosystems Department 

F u n c t i o n a l  roles of i m p o r t a n t  an imal  s p e c i e s  o f  t h e  ALE 

d e s e r t - s t e p p e  ecosys tem are be ing  c h a r a c t e r i z e d .  S p e c i a l  

emphasis  i s  p l a c e d  on  r e l a t i n g  p o p u l a t i o n  dynamics,  

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

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

n u t r i e n t s .  Research  e f f o r t s  are  a l s o  d i r e c t e d  toward  d e f i n i n g  

t h e  f a t e  of i r r a d i a t e d  a n i m a l s  i n  t h e  desert s t e p p e .  F ree -  
r ang ing  p o c k e t  m i c e ,  Pe rogna thus  p a r v u s ,  i r r a d i a t e d  i n  1 9 6 7 ,  

. showed no  s y n e r g i s t i c  effects  between r a d i a t i o n  and 
env i ronmen ta l  stressors comparing LDso,30 v a l u e s  d e r i v e d  from 

f i e l d  and l a b o r a t o r y  data .  F i e l d  l o n g e v i t y ,  r e p r o d u c t i v e  

per formance ,  and home-range u t i l i z a t i o n  w e r e  measured ,  and 

p o p u l a t i o n  changes  w e r e  model led  ma themat i ca l ly .  A p a r t  from 

r a d i a t i o n ,  t h e  a b s e n c e  o f  seeds d u r i n g  y e a r s  o f  poor  g e r m i n a t i o n  

of a n n u a l  p l a n t s  acted as p a r t  o f  a complex feed-back  

mechanism e f f e c t i v e l y  r e d u c i n g  r e p r o d u c t i o n  i n  t h e  dominant  

m a m m a l s .  L a b o r a t o r y  e x p e r i m e n t s  w e r e  a l so  d e s i g n e d  t o  t e s t  
-. t h e  .. p u b l i s h e d  h y p o t h e s i s  t h a t  n a t i v e  mammals are  more r e s i s t a n t  

t o  a c u t e  r a d i a t i o n  t h a n  t h e i r  l a b o r a t o r y  c o u n t e r p a r t s .  The re  

w a s  2 - fo ld  v a r i a t i o n  between s e n s i t i v e  and r e s i s t a n t  s p e c i e s  

of t h e  1 4  s m a l l  m a m m a l s  t e s t e d  (534 v s  1 0 9 4  r a d ,  L D 5 0 / 3 0 ) ,  

and no b i o l o g 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  between i n d i g e n p u s  

mammals  and laboratory s t r a i n s .  N o  c o r r e l a t i o n s  c o u l d  b e  made 

between r a d i a t i o n  r e s p o n s e  and taxonomic a f f i n i t i e s ,  k a r y o t y p e ,  

or  a d a p t a t i o n s  t o  r i g o r o u s  envi ronments .  
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PROBLEM O F  ESTIMATING BODY BURDENS 

I N  ALASKAN CHROMOSOME STUDIES 

T.  P. O ' F a r r e l l  

Ecosystems Department 

A new d i r e c t i o n  t o  t h e  Alaskan s t u d i e s  w a s  i n i t i a t e d  

c o o p e r a t i v e l y  between P a c i f i c  Northwest  L a b o r a t o r y  (PNL) and 
Oak Ridge N a t i o n a l  L a b o r a t o r y  ( O R N L ) .  The m a j o r  o b j e c t i v e  

w a s  t o  d e t e r m i n e  whether  Eskimos c h r o n i c a l l y  i n g e s t i n g  r a d i o -  
n u c l i d e s  had a h i g h e r  i n c i d e n c e  of  chromosomal a b e r r a t i o n s  i n  

t h e i r  c i r c u l a t i n g  l e u k o c y t e s  as compared w i t h  Eskimos i n h a b i t i n g  

t h e  c o a s t ,  who have  d i f f e r e n t  d i e t a r y  regimes.  A d u l t  m a l e  
i n h a b i t a n t s  of Anaktuvuk P a s s  w e r e  sampled i n  Februa ry  and 

J u l y ,  w h i l e  r e s i d e n t s  of  Kotzebue w e r e  sampled i n  J u l y  o n l y .  
N o  r i n g  or d i c e n t r i c  f o r m a t i o n s  w e r e  found i n  t h e  chromosomes 

of  c u l t u r e d  l e u k o c y t e s  from Kotzebue n a t i v e s ,  b u t  several  
such f o r m a t i o n s  w e r e  found i n  cel ls  of  r e s i d e n t s  of Anaktuvuk 

P a s s .  Over 1 0 , 0 0 0  c e l l s  w e r e  s c o r e d ;  however,  t h e  s i g n i f i c a n c e  

of  t h e s e  f i n d i n g s  i s  
made t o  c o n t i n u e  t h e  

mentary c a p a b i l i t i e s  

p r o v i d e  measurements  

p r e s e n t l y  unknown. Major e f f o r t  w i l l  be 

program, t a k i n g  advan tage  o f  t h e  comple- 

o f  PNL and ORNL. PNL w i l l  c o n t i n u e  t o  
o f  137Cs i n  t h e  body. I t  w i l l  a l so  

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

of body burdens .  Data f o r  55Fe, 6 5 ~ n ,  'OS, , and 210pb-210po .. . .. 

are p r e s e n t l y  b e i n g  e v a l u a t e d  a t  PNL, as  p o t e n t i a l  d o s e  

c o n t r i b u t o r s ,  w i t h  a v iew towards  e s t a b l i s h i n g  p o s s i b l e  d o s e  

dependence f o r  t h e  e f f e c t s  obse rved .  ORNL (Human C y t o g e n e t i c s  

S e c t i o n )  w i l l  c o n t i n u e  t o  supp ly  t h e  e x p e r t i s e  needed t o  
c o l l e c t ,  c u l t u r e ,  score, and e v a l u a t e  t h e  k a r y o l o g i c a l  mater ia l .  
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FOOD-CHAIN KINETICS AND ENVIRONMENTAL CONTAMINATION 

L.  L. E b e r h a r d t  

Ecosystems Department 

. ... 

Transforming  c u r r e n t  p o p u l a r  i n t e r e s t  i n  t h e  envi ronment  

i n t o  r e a l  improvements  i n  human w e l f a r e  r e q u i r e s  t h a t  w e  

c o n v e r t  many ecological c o n c e p t s  i n t o  o p e r a t i n g  manuals .  The 

food-cha in  c o n c e p t  serves w e l l  enough f o r  s a f e t y  f a c t o r s  i n  

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

of  t r a d e - o f f s  between s t a r v a t i o n  and p e s t  c o n t r o l ,  o r ,  malar ia  
and DDT. Our p r e s e n t  s t u d y  of food-chain k i n e t i c s  i s  d e s i g n e d  

t o  serve t h e  n e e d s  o f  c o n t i n u i n g  r e s e a r c h  on r a d i o a c t i v e  

s u b s t a n c e s  and t o  t r a n s l a t e  e x p e r i e n c e  from t h a t  area t o  
app ly  t o  o t h e r  c o n t a m i n a n t s ,  i n c l u d i n g  p e s t i c i d e s .  W e  have  

n e c e s s a r i l y  t o  dea l  w i t h  d i f f e r e n t  areas; t h e s e  i n c l u d e :  

1) B a s i c  p r i n c i p l e s  - These  i n c l u d e  t h e  formal  s t r u c t u r e  o f  

p o s s i b l e  m a t h e m a t i c a l  models  and such  a s p e c t s  as t h e  r e l a t i o n s h i p  

of r e t e n t i o n - t i m e  t o  m e t a b o l i c  ra te .  2 )  Case h i s t o r i e s  - We 

have assembled compute r - s imula t ion  models  f o r  s e v e r a l  sets 

of a c t u a l  d a t a  i n v o l v i n g  b o t h  r a d i o n u c l i d e s  and p e s t i c i d e s .  
Main e f f o r t  c o n c e r n s  137Cs movement i n  t h e  Alaskan l i c h e n -  

caribou-Eskimo food  c h a i n .  Although w e  have a good working 

model,  it c o n t i n u e s  t o  p r o v i d e  b o t h  s u r p r i s e s  and u n r e s o l v e d  

anomal ies .  To e v a l u a t e  new phenomena i n  t h e  s y s t e m ,  e . g . ,  

chromosome a b n o r m a l i t i e s ,  r e q u i r e s  an  u n i n t e r r u p t e d  f low o f  

f i e l d  d a t a .  3 )  S t a t i s t i c a l  problems - V a r i a b i l i t y  i s  p a r t  

and p a r c e l  of a n  ecosys t em.  Using s t a n d a r d i z e d  a n i m a l s  i n  a 
l a b o r a t o r y  sys tem o f t e n  d e s t r o y s  t h e  o b j e c t i v e  of  a s t u d y .  

Consequent ly ,  a ma jo r  p a r t  of o u r  p r e s e n t  e f f o r t  c o n c e r n s  
s t a t i s t i c a l  methods for a p p r a i s i n g  v a r i a b i l i t y .  W e  have 

e s t a b l i s h e d  some p r i n c i p l e s  and c o n s t r u c t e d  working models  

and w i l l  t u r n  n e x t  t o  t h e  s t o c h a s t i c  a s p e c t s .  4) F u r t h e r  

q u e s t i o n s  - W e  have  t h u s  f a r  been ma in ly  concerned  w i t h  t r a c i n g  

2 2  



s u b s t a n c e s  th rough  sys tems.  

t h e  e f f e c t s  o f ,  f o r  example,  p e s t i c i d e s .  For ecosys tems,  

t h i s  means a s t u d y  of p o p u l a t i o n  dynamics.  A s  w e  approach 

t h e  s t a g e  of p r o v i d i n g  " b l u e p r i n t s "  fo r  measuring and managing 

ecosystem c o n t a m i n a t i o n ,  t h e r e  w i l l  be  an  u r g e n t  need t o  do  

s p e c i f i c  f i e l d  expe r imen t s  t o  tes t  o u r  p r e d i c t i v e  c a p a b i l i t i e s .  

There  is u r g e n t  need t o  c o n s i d e r  

._ . . .  
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THERMAL STRESS AND RELATED PROBLEMS 

AFFECTING AQUATIC ORGANISMS 

M. L. Templeton 

Ecosystems Department 

The major  o b j e c t i v e  of t h e s e  programs i s  t o  d e t e r m i n e  

effects on a q u a t i c  ecosys t ems ,  p a r t i c u l a r l y  of "man-made 

stress", e.g,, r a d i o a c t i v i t y  and t h e r m a l  i n c r e m e n t s  caused  

by reactor c o o l i n g  w a t e r .  One o f  t h e  least  unde r s tood  i s  
d e t e r m i n a t i o n  of t h e  e f f e c t s  of a t h e r m a l  inc remen t  i n  t h e  

mixing  zone immedia te ly  below a d i s c h a r g e  p o i n t  i n  t h e  stream. 
Research  i s  concerned  w i t h  p h y s i c a l  m o d e l l i n g  and w i t h  t h e  

i n t e r a c t i o n  of m i g r a t o r y  f i s h  and o t h e r  organisms i n  t h e  

i n t e r m e d i a t e  zone o f  mixing .  These  s t u d i e s  embrace a l l  of  t h e  

l i f e  s t a g e s  of  salmon, i n c l u d i n g  t h e  eggs, t h e  f r y ,  t h e  

-. 

j u v e n i l e s ,  and t h e  a d u l t s .  N e w  t e c h n o l o g y  has  been developed  

t o  e v a l u a t e  t h e  r i s k s  t o  young salmon as  t h e y  p a s s  t h e  r e a c t o r  

d i s c h a r g e s  e n r o u t e  t o  t h e  sea. F i e l d  and l a b o r a t o r y  d a t a  

w e r e  combined t o  create a h y b r i d  computer model t h a t  p r e d i c t s  

t h e  h a z a r d s  t o  young f i s h  i n  t h e  mixing  zones .  A p a r t  from 

m o r t a l i t y  c r i t e r i a ,  b e h a v i o r  w a s  s t u d i e d ,  w i t h  t h e  u s e  of 

s o n i c  t ags ,  f o r  a d u l t  salmon and t r o u t  o n  t h e i r  spawning 

m i g r a t i o n  upstream p a s t  t h e  reactor  d i s c h a r g e s .  S t u d i e s  a l s o  

w e r e  . .  made on f i s h  diseases known t o  b e  aggrava ted  by i n c r e a s e s  

i n  t e m p e r a t u r e ,  e . g . ,  t h e  bac te r ia l  d i s e a s e ,  c o l u m n a r i s ,  

and "gas bubble"  d i s e a s e ,  r e s u l t i n g  from s u p e r s a t u r a t i o n  

by n i t r o g e n  g a s .  I n  a d d i t i o n  t o  i n v e s t i g a t i n g  d i r e c t  e f f e c t s  

on f i s h ,  tracer s t u d i e s  w e r e  made on key e l e m e n t s  of t h e  r i v e r  
ecosystem. These i n c l u d e  p o s s i b l e  t h e r m a l  e f f e c t s  o n  t h e  

dynamics of t h e  p e r i p h y t o n  community, t h e  development  of 
bottom dwe l l ing  i n v e r t e b r a t e  o r g a n i s m s ,  and t h e  long-term 

changes  i n  t h e  s i z e  of t h e  ch inook 

spawns i n  t h e  n e a r  v i c i n i t y  of t h e  

2 4  

salmon p o p u l a t i o n  t h a t  

reactors. Labora to ry  models 

1 0 1 1 3 3  



, 

w e r e  c o n s t r u c t e d  of t h e  n a t u r a l  system f o r  p e r i p h y t o n  produc- 

t i v i t y  and simple food w e b s  ( w a t e r  * p e r i p h y t o n  -+ f i s h ) .  

These models  a r e  p e r m i t t i n g  c o n t r o l  and i d e n t i f i c a t i o n  of 
v a r i o u s  env i ronmen ta l  p a r a m e t e r s ,  p a r t i c u l a r l y  t h e  r o l e  of  

suspended m a t e r i a l s  which a f f e c t  p r o d u c t i v i t y .  

.. . .. 
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MALONALDEHYDE: A RADIOLYSIS PRODUCT 

OF CARBOHYDRATES AND POLYNUCLEOTIDES 

D.  B. Menzel 

Bio logy  Department  

Con t rove r sy  e x i s t s  over t h e  s a f e t y  of  i r r a d i a t e d  f o o d s .  

C y t o t o x i c  e f f e c t s  have been ascribed t o  i r r a d i a t e d  s o l u t i o n s  of 

p u r e  c a r b o h y d r a t e s ,  y e t  t h e  n a t u r e  of t h e  t ox ic  r a d i o a l y s i s  

p r o d u c t s  remains  o b s c u r e .  

number of c a r b o h y d r a t e s  and  o f  DNA and RNA p roduces  malonal -  

dehyde.  Malonaldehyde a p p e a r s  t o  arise from a deoxy s u g a r  

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

r a d i o l y t i c  p r o d u c t i o n  o f  malonaldehyde  i s  pH-dependent, h i g h e r  
y i e l d s  o c c u r r i n g  a t  p h y s i o l o g i c a l  t h a n  a t  m o r e  ac id ic  pH r a n g e s .  

The i d e n t i t y  of malonaldehyde w a s  e s t a b l i s h e d  by u . v . s p e c t r a ,  

by column chromatography and  by f o r m a t i o n  o f  t h e  2 - t h i o b a r b i t u r i c  

a c i d  d e r i v a t i v e .  I r r a d i a t i o n  of DNA or  RNA produced b o t h  

malonaldehyde and a ma lona ldehyde-nuc le i c  a c i d  r e a c t i o n  p r o d u c t .  
T h i s  l a t t e r  p r o d u c t  w a s  f l u o r e s c e n t  and c o u l d  be d i s s o c i a t e d  

o n l y  by h o t  a c i d  h y d r o l y s i s .  

n u c l e o s i d e s  w i t h  malonaldehyde show t h e  U . V .  a b s o r p t i o n  s p e c t r a  
and f l u o r e s c e n c e  e x c i t a t i o n  and e m i s s i o n  s p e c t r a  c h a r a c t e r i s t i c  

of t h e  1-amino-3-iminopropene c r o s s l i n k .  

W e  have  shown t h a t  i r r a d i a t i o n  o f  a - 

-. 

F l u o r e s c e n t  r e a c t i o n  p r o d u c t s  of 

. .. - .  The i d e n t i f i c a t i o n  of malonaldehyde as  a ma jo r  r a d i o l y s i s  

p r o d u c t  of c a r b o h y d r a t e s  and  p o l y n u c l e o t i d e s  p l a c e s  t h e  eva lua -  

t i o n  of t h e  s a f e t y  o f  i r r a d i a t e d  foods on a more s c i e n t i f i c  

f o o t i n g .  The p r o d u c t i o n  of malonaldehyde and i t s  r e a c t i o n  

w i t h  DNA s u g g e s t s  t h a t  t h e  b i o c h e m i s t r y  of malonaldehyde may 

b e  i m p o r t a n t  t o  an  u n d e r s t a n d i n g  o f  t h e  long-term e f f e c t s  of 
r a d i a t i o n  damage as  w e l l  as t h e  s a f e t y  o f  i r r a d i a t e d  foods .  

S i n c e  malonaldehyde i s  a l s o  a p r o d u c t  of l i p i d  o x i d a t i o n ,  i t  

may b e  of  g e n e r a l  impor t ance  t o  s u c h  problems a s  a g i n g  and 
c a r c i n o g e n e s i s .  
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REGULATION OF EXOCELLULAR ENZYME SYNTHESIS AND SECRETION 
- .  

H .  Druclier 

B io logy  Department 

C u l t u r e s  of Neurospora  secrete a p r o t e o l y t i c  a c t i v i t y  when 

grown i n  a medium c o n t a i n i n g  c a l c i u m ,  bov ine  serum albumin  and 

a trace o f  s u c r o s e .  The s e c r e t i o n  or  s y n t h e s i s  o f  t h e  

p r o t e o l y t i c  a c t i v i t y  i s  c a t a b o l i c a l l y  r e p r e s s e d  when s u b s t r a t e  

q u a n t i t i e s  o f  s u c r o s e  are p r e s e n t .  

sys tem,  s t r e p t o m y c e s  fradiae,  calcium a p p e a r s  t o  be r e q u i r e d  

for  e i t h e r  t h e  s y n t h e s i s  o r  s e c r e t i o n  of t h i s  p r o t e o l y t i c  

a c t i v i t y .  

I n  a comparable  b a c t e r i a l  

Examinat ion  of t h e  effect  of c a l c i u m  on t h e  a c t i v i t y  of a 
r e p r e s e n t a t i v e  bacter ia l  protease, t h e r m o l y s i n ,  from B a c i l l u s  

t h e r m o p r o t e o l y t i c u s ,  showed t h a t  t h e  k i n e t i c  p a r a m e t e r s  Km 

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

l euc inamide ,  v a r y  w i t h  c a l c i u m  c o n c e n t r a t i o n .  I n  a complex 
f a s h i o n ,  Xm and  Vmax peak a t  c a l c i u m  c o n c e n t r a t i o n s  between 

3 x M - and 7 x lo-’ M - a t  a l l  t e m p e r a t u r e s  i n v e s t i g a t e d .  

These r e s u l t s  imply  t h a t  calcium does n o t  behave as a s i m p l e  

c a t a l y t i c  c o f a c t o r .  

A model i s  proposed  which s u g g e s t s  t h a t  t h e r e  i s  a c a l c i u m  

dependant  s t r u c t u r a l  change  which c a u s e s  molecule  X w i t h  
. k i n e t i c  p r o p e r t i e s  A t o  become molecu le  Y ,  w i t h  d i f f e r e n t  

k i n e t i c  p r o p e r t i e s  B .  

c o n c e n t r a t i o n  of a b o u t  7 x lo-’ M .  - 

c e n t r a t i o n ,  m o l e c u l e  Y is  a u t o d i g e s t e d  r e s u l t i n g  i n  an  

i r r e v e r s i b l e  r e a c t i o n .  

T h i s  t r a n s i t i o n  o c c u r s  a t  a ca l c ium i o n  
A t  t h i s  l o w  calcium con- 
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ROLE O F  VASCULAR DAMAGE I N  THE GASTROINTESTINAL 

RADIATION SYNDROME 

B. W. Wachholz 

B io logy  Department 

The g a s t r o i n t e s t i n a l  e p i t h e l i u m  and v a s c u l a t u r e  w a s  
s t u d i e d  i n  t h e  ra t ,  mouse, g u i n e a  p i g ,  r abb i t  and m i n i a t u r e  

swine f o l l o w i n g  whole-body o r  lower-body 60Co-gamma, o r  x-ray 

exposures .  H i s t o p a t h o l o g i c  changes  w e r e  q u a l i t a t i v e l y  s i m i l a r  
b u t  m a x i m u m  i n j u r y  o c c u r r e d  a t  d i f f e r e n t  t i m e s  p o s t e x p o s u r e  i n  
t h e  s e v e r a l  s p e c i e s .  G r o s s  v a s c u l a r  changes  w e r e  p a r t i c u l a r l y  

e v i d e n t  i n  t h e  p i g .  M i c r o s c o p i c a l l y ,  t h e r e  w a s  p a r t i a l  or 
comple te  o c c l u s i o n  of t h e  f i n e  v a s c u l a t u r e ,  u s u a l l y  c o i n c i d e n t  

w i t h  e p i t h e l i a l  i n j u r y .  A d d i t i o n a l  e v i d e n c e  of e n d o t h e l i a l  

changes and c a p i l l a r y  c o n g e s t i o n  w a s  o b t a i n e d  u s i n g  e l e c t r o n  

microscopy.  I n f a r c t i o n  w a s  observed i n  t h e  pig  as e a r l y  as 
6 days  p o s t e x p o s u r e ,  c o i n c i d i n g  w i t h  t h e  p e r i o d  o f  maximum 

e p i t h e l i a l  i n j u r y .  The e v o l u t i o n  of r a d i a t i o n  u l c e r a t i o n  w a s  
a p p a r e n t  i n  t h e  p i g  f rom i t s  e a r l y  development  t o  t h e  l a t e r  
c h r o n i c  s t a g e  t h a t  resembled t h e  l a te  r a d i a t i o n  u l c e r  s e e n  i n  

man. 

- 

A f u r t h e r  i n d i c a t i o n  o f  v a s c u l a r  i n j u r y  i s  t h e  increase 
i n  t h e  l e a k a g e  of plasma p r o t e i n  i n t o  t h e  i r rad ia ted  i n t e s t i n e  

. - w h i c h  w e  have measured i n  r a t s  and  p i g s .  The mechanism by which 

t h i s  l e a k a g e  o c c u r s ,  whe the r  by a direct  o r  a n  i n d i r e c t  means, 

i s  n o t  y e t  c l ea r ,  and may b e  s i m i l a r  t o  t h a t  r e s p o n s i b l e  f o r  

t h e  p r o t e i n  loss t h a t  occurs i n  p a t i e n t s  w i t h  p r o t e i n - l o s i n g  

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

sys tem may be a s i g n i f i c a n t  fac tor  i n  t h i s  i n c r e a s e d  p r o t e i n  

l e a k a g e .  
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AGE AND RADIATION CARCINOGENESIS 

D .  D .  Mahlum 

Biology Department  

The c a r c i n o g e n i c i t y  of  r a d i a t i o n  r e l a t i v e  t o  a g e  a t  expo- 

s u r e  h a s  been  a n  i m p o r t a n t  f a c e t  of o u r  s t u d i e s  t o  d e f i n e  t h e  

i n f l u e n c e  of  m a t u r a t i o n  on  t h e  r e s p o n s e  of a n i m a l s  t o  r a d i a t i o n .  

Two t y p i c a l  y e t  r a t h e r  d i f f e r e n t  e x p e r i m e n t s  w i l l  i l l u s t r a t e  

o u r  approach  t o  t h i s  problem. 

Newborn, wean l ing  and a d u l t  ra ts  w e r e  i n j e c t e d  w i t h  0.25, 

0 .5  o r  1 . 0  p C i / g  0-f 1 4 * C e .  

k i l l e d  p e r i o d i c a l l y  f o r  d e t e r m i n a t i o n  of r a d i a t i o n  d o s e  and of 

s h o r t - t e r m  morphologic  and f u n c t i o n a l  a l t e r a t i o n s .  R a d i a t i o n  

doses t o  t h e  s k e l e t o n  d u r i n g  t h e  f i r s t  4 5  d a y s  after i n j e c t i o n  

w e r e  s i m i l a r  for  t h e  wean l ings  and a d u l t s  b u t  w e r e  much less 
f o r  t h e  newborns. O s t e o g e n i c  sarcomas have  deve loped  i n  

an ima l s  i n j e c t e d  as wean l ings  w i t h  0 .5  o r  1 . 0  p C i / g .  A d u l t s  

i n j e c t e d  w i t h  1 . 0  u C i / g  d i d  n o t  d e v e l o p  bone tumors  a l t h o u g h  

t h o s e  t h a t  received 0 .5  or 0.25 pCi/g d i d .  N o  tumors  w e r e  
observed a f te r  any d o s e  i n j e c t e d  n e o n a t a l l y .  

Randomly-selected a n i m a l s  were 

The r e l a t i o n s h i p s  between t h e  s i z e  of an i r r a d i a t e d  s k i n  

area, age of t h e  an ima l ,  r a d i a t i o n  dose and  c a r c i n o g e n i c  

r e s p o n s e  are  b e i n g  examined i n  a n o t h e r  e x p e r i m e n t .  The s k i n  

of .. newborn, wean l ing  and a d u l t  r a t s  w a s  exposed  t o  d o s e s  of 
1 t o  1 0  k r a d  of B - r a d i a t i o n  from 2 0 4 T l  p l a q u e s  of 0 . 0 1 ,  0 . 5  

2 o r  1 . 0  c m  area. A t  1 5  months p o s t e x p o s u r e  of m a l e  r a t s ,  
tumors  had deve loped  a t  2 5  of  9 4  s i t es  i r r ad ia t ed  i n  t h e  new- 

b o r n ,  a t  9 o f  7 9  s i tes  i r r a d i a t e d  i n - t h e - w e a n l i n g s ,  and a t  
none of 1 9 1  s i t e s  i n  t h e  a d u l t  g roup .  The e a r l y  r e s p o n s e s  

( e ry thema ,  u l c e r a t i o n  and s c a b b i n g ) ,  as s e e n  i n  t h i s  exper iment  

and i n  companion s t u d i e s  w i t h  m i n i a t u r e  s w i n e ,  were markedly 

greater i n  t h e  immature a n i m a l .  The s i z e  of t h e  s c a r r e d  area 
a t  m a t u r i t y  w a s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  age  a t  exposure .  
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CHRONIC TOXICITY IN MINIATURE SWINE 

W. J. Clarke 
Bio logy Department 

Since 1958 over 780 female Pitman-Moore miniature swine, 
representing three generations, have been fed daily doses of 
'OS, ranging from 1 to 3100 uCi/day, while 194 of their 
untreated littermates have served as controls. Sixty-nine of 
the 'OS, swine have thus far developed hematopoietic disorders, 
4 0  of which were neoplastic and 29 metaplastic, as compared to 
2 cases of myeloid metaplasia in the controls. 
increases in these disorders have occurred only in the 125 and 
625 uCi/day groups; bone tumors have also been seen in 7 
animals of these groups. There have been no significant changes 
in litter size, percent stillborn, birth weight, weaning weight, 
or sex ratios occasioned by the feeding of up to 625 VCi 
"Sr/day. 
of more than a million times the peak levels of 'OS, ever 
reported in the American diet. 

Significant 

This feeding level (625 uCi/day) is the equivalent 

Special emphasis is now being placed on the isolation, 
identification, and adaption to tissue culture systems of 
viruses from some of the pigs with "Sr-induced leukemia. 
These viruses will be passed to immunologically depressed 

.. unirradiated animals in an attempt to transmit the leukemias. 

A small number of cats are being exposed to 'OS, to 
complement and augment the study in swine. Cats are particu- 
larly sensitive to bone marrow dysfunctions and resulting stem 
cell leukemias, and their shorter gestation period and smaller 
size is an advantage in these studies. 

, 
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DEVELOPMENT OF A BLOOD IRRADIATOR 

F. P. Hungate 

Biology Department 

Blood i r r a d i a t i o n  t o  c o n t r o l  d i s e a s e s  a s s o c i a t e d  w i t h  

h i g h  lymphocyte l e v e l s  i s  known t o  be  e f f e c t i v e  unde r  condi -  

t i o n s  of  a c u t e  r a d i a t i o n .  Our l a b o r a t o r y  a n i m a l s  w i t h  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 s  are o f t e n  observed  t o  have 

l e u k o p e n i a ,  s u g g e s t i n g  t h a t  c h r o n i c  low- leve l  i r r a d i a t i o n  of 

blood may be  an e f f e c t i v e  treatment method. W e  are now develop-  

i n g  an i r r a d i a t o r  c a p a b l e  o f  b e i n g  implan ted  and p r o v i d i n g  low- 

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

I t  was c l e a r  from c a l c u l a t i o n s  o f  i n t e r n a l  and e x t e r n a l  

dose  r a t e s  t h a t  i s o t o p e s  e m i t t i n g  photons  w i t h  e n e r g i e s  less 

t h a n  50 kv would be most s a t i s f a c t o r y .  Four i r r a d i a t o r s  each 

less t h a n  1 0  g i n  we igh t ,  w e r e  made u s i n g  "Fe ( 5 . 9  kv) a s  t h e  

s o u r c e .  Two of these a r e  now implanted  i n  t h e  t h o r a c i c  a o r t a s  

of  dogs .  M a t e r i a l  selection and d e s i g n  of  i r r a d i a t o r s  was 

f a c i l i t a t e d  by e x p e r i e n c e  ga ined  i n  t h e  NCI-sponsored p r o j e c t  

on h e a t  d i s s i p a t i o n  i n t o  b lood .  

E f f e c t s  from c h r o n i c  i r r a d i a t i o n  w i l l  be  compared w i t h  

t h o s e  r e p o r t e d  f o r  a c u t e  e x p o s u r e s .  Combinations of long w i t h  

s h o r t  h a l f - l i f e  s o u r c e s  w i l l  b e  t e s t e d .  S t u d i e s  combining 

. . i r r a d i a t i o n  w i t h  d r u g s  and a p p l i c a t i o n  of  t h e s e  t e c h n i q u e s  t o  

leukemic an ima l s  w i l l  be i n c l u d e d  i n  f u t u r e  p l a n s .  
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TOXICITY OF I N H A L E D  PLUTONIUM 

J .  F. Park  

Biology Department 

S t u d i e s  w e r e  i n i t i a t e d  8 t o  1 0  y e a r s  ago  t o  d e t e r m i n e  t h e  

b i o l o g i c a l  e f f e c t s  of  i n h a l e d  p lu tonium.  S i x t y - f i v e  b e a g l e  

dogs i n h a l e d  239Pu02 and w e r e  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 s .  

Of 60  dogs  t h a t  have come t o  au topsy ,  58 d i e d  o r  w e r e  e u t h a n i z e d  

due  t o  p lu tonium induced pulmonary f i b r o s i s  and/or  n e o p l a s i a  

2 t o  110 months pos t exposure .  Twenty-two of t h e  dogs had 

pr imary  pulmonary n e o p l a s i a  i n c l u d i n g  18 o f  t h e  1 9  dogs t h a t  

s u r v i v e d  a t  l e a s t  4 . 5  y e a r s  pos t exposure .  The e s t i m a t e d  i n i t i a l  

alveolar d e p o s i t i o n  i n  t h e  dogs w i t h  p lu tonium induced  tumors  

ranged from 0.5 t o  3 .3  p C i .  F i v e  t o  50% of t h e  a l v e o l a r  d e p o s i t e d  

p lu tonium w a s  r e t a i n e d  i n  t h e  l u n g s .  Twenty t o  5 0 %  of  t h e  

p lu tonium w a s  t r a n s l o c a t e d  t o  lymphat ic  t i s s u e ,  2 t o  25% t o  
t h e  l i v e r  and 2 t o  1 0 %  t o  t h e  s k e l e t o n .  The  h i g h e s t  p lu tonium 

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  lymph nodes ,  fo l lowed  i n  descend-  

i n g  o r d e r  by l u n g s ,  l i v e r  and s k e l e t o n .  R e s p i r a t o r y  i n s u f f i c i e n c y  

and lymphopenia w e r e  t h e  pr imary  c l i n i c a l  s i g n s  associated w i t h  

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

and f i b r o s i s  o f  t h e  lymph nodes.  

Experiments  w e r e  i n i t i a t e d  i n  1 9 7 0  t o  expose 2 0 0  dogs t o  
.. 239Pu02 and 238Pu02 a e r o s o l s ,  d e p o s i t i n g  3 .0  t o  0 . 0 0 2  U C i .  The 

lowes t  level* co r re sponds  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  maximum 

p e r m i s s i b l e  ave rage  d o s e  of 1 5  rem/year t o  t h e  l u n g s .  Compari- 

son of e f f e c t s  w i l l  p r o v i d e  d a t a  o n  t h e  i n f l u e n c e  o f  s p e c i f i c  
a c t i v i t y ,  s i n c e  238Pu has  a s p e c i f i c  a c t i v i t y  280 t i m e s  239Pu. 

T h i s  s t u d y  shou ld  h e l p  t o  e s t a b l i s h  t h e  c r i t i c a l  t i s s u e s  a f t e r  

i n h a l a t i o n  o f  p lu tonium which w i l l  depend o n  t h e  t r a n s l o c a t i o n  

rates from t h e  lungs  t o  lymph nodes ,  l i v e r ,  and s k e l e t o n ,  and 

on t h e  r e l a t i v e  r a d i o s e n s i t i v i t y  o f  t h e s e  t i s s u e s  a t  the l o w  
exposure  levels t o  be i n v e s t i g a t e d .  
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CO-CARCINOGENICITY OF URANIUM MINE A I R  CONTAMINANTS 

B. 0. S t u a r t  

B io logy  Department 

I n  r e s p o n s e  t o  t h e  growing n a t i o n a l  concern  o v e r  t h e  

i n c r e a s e d  i n c i d e n c e  o f  l u n g  c a n c e r  among uranium m i n e r s  of 

t h e  Colorado P l a t e a u ,  a n  e x p e r i m e n t a l  program w a s  u n d e r t a k e n  

i n v o l v i n g  l i f e - s p a n  d a i l y  i n h a l a t i o n  exposures  of  dogs and 
hamsters  t o  d e t e r m i n e  t h e  b i o l o g i c a l  e f f e c t s  of s e v e r a l  

p o t e n t i a l l y  c a r c i n o g e n i c  uranium m i n e  a i r  con taminan t s .  

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

d a u g h t e r s ,  uranium ore d u s t ,  and d i e s e l  e n g i n e  e x h a u s t  fumes 

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

pa tho logy ,  s i x  g r o u p s  o f  1 0 0  hamsters  each are b e i n g  exposed  

f o r  6 hours  d a i l y  t o  t h e  f o l l o w i n g  a e r o s o l s :  (1) 3 0  Working 

Leve l s  of r a d o n  d a u g h t e r s ,  ( 2 )  600 Working L e v e l s  of r a d o n  

d a u g h t e r s ,  (3 )  600 Working L e v e l s  of radon d a u g h t e r s  w i t h  
3 2 0  mg of uranium ore dus t /m , ( 4 )  d i e s e l  e x h a u s t  fumes,  

( 5 )  diese l  e x h a u s t  w i t h  600  Working Leve l s  o f  r a d o n  d a u g h t e r s  
and o r e  d u s t ,  and ( 6 )  l a b o r a t o r y  a i r  ( c o n t r o l s ) .  

Because o n l y  3 t o  4 %  of t h e  uranium m i n e r s  t h a t  d e v e l o p e d  

lung cance r  have  n o t  had h i s t o r i e s  of c i g a r e t t e  smoking, 

expe r imen t s  w e r e  i n i t i a t e d  u s i n g  beag le  dogs t h a t  receive 
d a i l y  exposures  t o  r a d o n  d a u g h t e r s  and uranium o r e ’ a n d / o r  

c i g a r e t t e  smoking i n  a manner c l o s e l y  s i m u l a t i n g  t h e  p a t t e r n s  

of human e x p o s u r e .  T h r e e  g roups  of twenty dogs e a c h  are 
r e c e i v i n g  d a i l y  i n h a l a t i o n  exposures  c o n s i s t i n g  o f :  

(1) 4 hour s  of 6 0 0  Working L e v e l s  of radon d a u g h t e r s  w i t h  

uranium o r e  d u s t  p l u s  t h e  smoke of 1 0  c i g a r e t t e s  over a 

16-hour p e r i o d ,  ( 2 )  6 0 0  Working Leve l s  of radon d a u g h t e r s  

w i t h  ore d u s t ,  and ( 3 )  c iga re t t e  smoking a l o n e .  A g r o u p  of 

9 dogs receive sham e x p o s u r e s .  The c u r r e n t  s t a t u s  of t h e s e  

s t u d i e s  w i l l  b e  d i s c u s s e d .  

._ .. 
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